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Foreword 

| This edition of the Minerals Yearbook discusses the performance of the worldwide minerals industry during 

1989 and provides background information to assist in interpreting that performance. Content of the individual 

Yearbook volumes follows: 

Volume I, Metals and Minerals, contains chapters on virtually all metallic and industrial mineral commodities 

important to the U.S. economy. A chapter on advanced materials also has been added to the Minerals Yearbook 

series beginning with the 1989 volume. In addition, a chapter on survey methods used in data collection with a 

statistical summary of nonfuel minerals and a chapter on trends in mining and quarrying in the metals and 

industrial mineral industries are included. 
Volume II, Area Reports: Domestic, contains chapters on the minerals industry of each of the 50 States and 

Puerto Rico, Northern Marianas, Island Possessions, and Trust Territory. This volume also has a chapter on 

survey methods used in data collection including a statistical summary of domestic nonfuel minerals. 

Volume III, International Area Reports, contains the latest available mineral data on more than 150 foreign : 

countries and discusses the importance of minerals to the economies of these nations. Beginning with the 1989 

review, Volume III is presented as six reports: Mineral Industries of the Middle East, Mineral Industries of 

Africa, Mineral Industries of Asia and the Pacific, Mineral Industries of Latin America and Canada, Mineral 

Industries of Europe and the U.S.S.R., and Minerals in the World Economy. This year’s reports incorporate 

location maps, industry structure tables, and an outlook section previously incorporated in our Minerals | 

Perspectives Series quinquennial regional books, which are being discontinued. 

The Bureau of Mines continually strives to improve the value of its publications to users. Therefore, 

constructive comments and suggestions by readers of the Yearbook will be welcomed. 

T S Ary, Director |
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_ By Jeffrey B. Osmint and Stephen D. Smith 

Mr. Osmint, a statistician with 13 years of Government experience in surveys, has been with the Bureau of Mines Branch 
of Statistics and Methods Development since 1983. 

Mr. Smith, Mineral Data Assistant in the Branch of Data Collection and Coordination, was assisted in the preparation of 
the ‘‘Statistical Summary’’ by Sarah P. Guerrino, Chief, Section of Ferrous Metals Data; Imogene P. Bynum, Chief, Section 

_ of Nonferrous Metals Data; Barbara E. Gunn, Chief, Section of Industrial Minerals Data; and William L. Zajac, Chief, Section 
of International Data. | 
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TABLE 2 Kansas Refined Helium Co., Otis, KS; 

HELIUM RECOVERY IN THE UNITED STATES! Exxon Company, U.S.A., Shute Creek, 
| WY: and Union Carbide Corp., Linde 

(Thousand cubic feet) Div., Bushton, Elkhart, and Ulysses, | 

| KS. Linde’s helium plant at Elkhart, 

1985 1986 1987 1988 1989 KS, was shut down in 1988 after mod- 

Crude helium: ifications at their Ulysses, KS, plant | 

Bureau of Mines total storage  —411,681 —379,827 —289,085 -—359,409 -—377,508 | Were completed and it was restarted. 

Private industry: TT 

Stored by Bureau of Mines 487,576 431,917 730,360 630,748 «= 547,158. |§ ——— ee 

Withdrawn ~956,462  —980,209 ‘-697,266 -—551,997 -—653,263 CONSUMPTION AND USES 

Total private industry storage — 468,886 —548,292 "33,094 78,751 —106,105 

___Totalcrude helium — 880,567 —928,119 ‘—255,991 —280,658 — 483,613 The major domestic end uses of he- 

Stored private crude helium lium were cryogenics, welding, and 
withdrawn from storage and oe : . 

purified by the Bureau of pressurizing and purging. Minor uses 

Mines for redelivery to included synthetic breathing mixtures, 

industry .~5,339 —18,658 ~6,765 —11,920 5,482 | chromatography, leak detection, lifting 

Grade-A helium: —— rs TT oo | gas, heat transfer, and controlled atmos- 

Bureau of Mines sold 397,446 333,447 «266,594 «316,954 ~—«-350,154 | Pheres. The Pacific and Gulf Coast 

Private industry sold 1,485,662 1,607,963 1,963,750 2,256,997 2,529,226 | States were the principal areas of he- 

. Total sold 7,883,108 1,941,410 2,230,344 2,573,951 2,879,380 | um consumption. 
“Toul stored t(“‘=~=Cts=sti‘itst‘ts:*é‘C BSG OGL «262,756 292,578 =789,095 Bureau sales to Federal agencies and 

Grant total recovery. —StS=~S~S 307 300 500 633 7067 588 s381373 5300 285 their contractors totaled 350 MMcf in 

ee TT 1989, an increase of about 10% when : 

Nowativ numbers denote net withdrawal from the Government’s underground helium storage facility, a partially depleted natural gas compared with last year’s sales. This 

reservoir in Cliffside Field near Amarillo, TX. increase was due largely to the U.S. 

Department of Defense Strategic De- 

| fense Initiative projects and the Na- 

tional Aeronautics and Space Adminis- 

| tration’s (NASA) resumption of space 

: shuttle flights, which include associ- 

FIGURE 1 ated projects that use large volumes of | . 

helium. Sales to the U.S. Department 

HELIUM RECOVERY IN THE UNITED STATES of Energy continue to decline. 

The Federal agencies purchase their 

5 major helium requirements from the 

| Loe Bureau of Mines. Direct helium pur- 

[EEN _ | chases by Defense, NASA, Energy, and 

fo the National Weather Service consti- 

4 fc tuted most of the Bureau’s Grade-A 

ir WEEE EEE EES | helium sales. All remaining helium 

uw potelerensieneteteleiiticstanire sales to Federal agencies were made 

u- {SEE EEE EES +— Recovered through Bureau contract distributors, 

GO 3 NIECE who purchased equivalent volumes of 

o PO tome cn £ Bureau helium under contracts de- 

oO SET  eEECES fe scribed in the Code of Federal Regula- 

z PAIS SS ff tions (30 CFR 602). Some of the con- 

Oo 2 {CEES Sold ~~? £4 tract distributors also have General 

4 SEES fod Services Administration helium supply 

m EEE IEEE Ay fod contracts. These contracts make rela- 

HS ASSN tively small volumes of helium readily 
1 UE fy? gy available to Federal installations at 

an WSS?” ba lower freight charges by using the con- 
Se -* eg > ayicti sctri : 
2 Removed from Storage S tractors’ existing distribution systems. 

0 a 
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surveyed, the response percentage, and the | respects the proprietary nature of the data | preprints before the bound volumes are 
method of estimating the production or | received from the individual companies | available. | 
consumption for nonrespondents. and establishments. To ensure that pro- Volume I of the “Minerals Yearbook’”’ 

To produce reliable aggregated data, the | prietary rights will not be violated, the | presents, by mineral commodity, salient 
Bureau employs efficient procedures for | Bureau analyzes each of the aggregated | statistics on production, trade, consump- 
handling instances of nonresponse. Failure | statistics to determine if the data reported | tion, reserves, and other measures of 

| to return the initial survey form results in | by an individual establishment can be | economic activity. 
a second mailing of the form. If the second | deduced from the aggregated statistics. If, Volume II of the “Minerals Yearbook’’ 
form is not returned, telephone calls are | for example, there are only two significant | reviews the U.S. minerals industry by State 
made to the nonrespondents. The followup | producers of a commodity ina given State, | and island possessions. 
calls provide the necessary data to complete | the Bureau will not publish that total Volume III of the “Minerals Yearbook’”’ : 
the survey forms and/or verify questionable | because either producer could readily | presents the latest available mineral 
data entries. Periodic visits to important | estimate the production of the other. It is | statistics for more than 160 countries with 
minerals establishments are also made by | this obligation to protect proprietary infor- | a summary review of the role of minerals 
Bureau commodity specialists or State | mation that results in the “Withheld” or | in the world economy. 
Mineral Officers to gather missing data and | ‘““W” entries in the “Minerals Yearbook”’ “Mineral Industry Surveys” contain 
to explain the importance of the establish- | tables. However, if a company gives per- | timely statistical and economic data on 
ment’s reporting. By describing the use of | mission in writing, the Bureau may release | minerals. The surveys are designed to keep 
the published statistics and showing the im- | data otherwise withheld because of pro- | Government agencies and the public, par- 
pact of nonresponse, the Bureau hopes to | prietary considerations if the data from | ticularly the mineral industry and the 
encourage respondents to give a complete | other producers in an aggregated cell are | business community, informed of trends in 
and accurate reply. protected from disclosure. the production, distribution, inventories, 

The OMB “Guidelines for Reducing | and consumption of minerals. Frequency 
Reporting Burden’’ stipulates that the | International Data of issue depends on the demand for cur- 
minimum acceptable response rate shall be . _ | rent data. “Mineral Industry Surveys’’ are | 
75% of the panel surveyed. In addition, the International data are collected by conn | released monthly, quarterly, semiannually, L . .; try specialists in the Bureau of Mines Divi- 
Bureau strives for a minimum reporting | . . ; or annually. 

sion of International Minerals with cen: ; —— 
level of 75% of the quantity produced or . ; ; Mineral Commodity Summaries,” an assistance from the Section of International 
consumed (depending on the survey) for . up-to-date summary of about 90 nonfuel 
certain key statistics. Response rates are Data. The data are gathered from various mineral commodities, is the earliest os 7 sources, including published reports of rer ; periodically reviewed. For those surveys . ae Government publication to furnish . foreign Government mineral and statistical . , . ; not meeting the minimum reporting level, agencies, international organizations, the estimates covering the previous year’s non- 
procedures are developed and implemented ” : oy fuel mineral industry data. It contains in- . U.S. Department of State, the United Na- . e 
to improve response rates. oe formation on the domestic industry struc- tions, the Organization of Petroleum Ex- . 

. ture, Government programs, tariffs, 5-year 
Estimation for Nonresponse.—When ef- porting Countries, and personal contact by salient statistics, and a summary of inter- 

forts to obtain a response to a survey fail, | SP“ lalists traveling abroad. Each February national minin news 
; | .” . ” | an annual “Minerals Questionnaire’”’ is sent cc ung " 55 ; 
it becomes necessary to employ estimation State Mineral Summaries” provides : . through the Department of State to more . . or imputation techniques to account for ; ; estimated data and summaries of mineral . than 130 U.S. Embassies asking them to ae missing data. These techniques are most ef- ; ; . activities at the State level for the previous 
fective when the response rate is relative- provide estimates of mineral p roduction for year. These summaries have been prepared iv hi - . the host country for the preceding year. |: ° . . y high. Some of the estimation methods Ss _ |in cooperation with State geological 
depend on knowledge of prior establish- Missing data are estimated by Bureau coun surveys or related agencies ; ; bni try specialists based on historical trends cong oe a ment reporting, while other techniques rely Lae ; Minerals Today,” published bimonthly, : and specialists’ knowledge of current pro ; 
on external information to estimate the duction capabilities in each coun provides readers with the latest informa- 
missing data. When survey forms are P try. tion about developments, trends, and issues 
received arr im current publication pas Publications gencemning the nine, processing, and use 
een completed, the forms are ; of minerals and materials. 

necessary imputations are made for miss- The Bureau of Mines disseminates cur- “Information Circulars” are primarily 
ing data, and the survey data base is up- | rent and historical minerals information | concerned with Bureau economic reviews 
dated. The revised data are reported in later | through a broad range of printed | and interpretative analyses. The series also 
publications. publications. includes surveys of mining and operating 

The “Minerals Yearbook” summarizes | activities, guides to marketing of mineral 
Protection of Proprietary Data.—The | annually, on a calendar-year basis, the | commodities, and compilations of 

Bureau of Mines relies on the cooperation | significant economic and technical | historical information and statistical and 
of the U. S. minerals industry to provide | developments in the mineral industries. | economic data on minerals. 
the mineral data that are presented in this | Three separate volumes are issued each To purchase Volumes I, I, and III of the 
and other Bureau publications. Without a | year: Volume I, Metals and Minerals; | “Minerals Yearbook’? and ‘Minerals 
strong response to survey requests, the | Volume II, Area Reports, Domestic; and | Today,’ contact the Superintendent of 
Bureau would not be able to present | Volume III, International Review. Chapters | Documents, U.S. Government Printing 
reliable statistics. The Bureau in turn | in these volumes are issued separately as | Office, Washington, DC 20402. For free 
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copies of individual chapters of the | Further information on how to use the | measurement used in this chapter is what 

“Minerals Yearbook,” the ‘Mineral | MINES-DATA system may be obtained | is termed “mine output.” It usually refers 

Industry Surveys,’ the “Mineral Com- | from the system operator by calling (202) | to minerals or ores in the form in which 

modity Summaries,’ the “State Mineral | 634-9632. they are first extracted from the ground, 

Summaries,” and “Information Circulars,’ : but customarily includes the output from 

contact Publications Distribution, Bureau ) auxiliary processing at or near the mines. 

of Mines, Cochrans Mill Road, P.O. Box STATISTICAL SUMMARY Because of inadequacies in the statistics 

18070, Pittsburgh, PA 15236. available, some series deviate from the 
This chapter summarizes data on crude | foregoing definition. For copper, gold, 

Electronic Data Dissemination nonfuel mineral production for the United | lead, silver, tin, and zinc, the quantities are 

States, its island possessions, and the Com- | recorded on a mine basis (as the 

| In addition to the Bureau’s printed | monwealth of Puerto Rico. Also included | recoverable content of ore sold ‘or treated). 

publications, current ‘Mineral Industry | are tables that show the principal nonfuel | However, the values assigned to these quan- 

Surveys” for several commodities and | mineral commodities exported from and | tities are based on the average selling price 

selected chapters from the “Minerals Year- | imported into the United States and that | of refined metal, not the mine value. Mer- 

book” are now available through the | compare world and U.S. mineral produc- | cury is measured as recovered metal and 

Bureau’s MINES-DATA computer bulletin | tion. The detailed data from which these | valued at the average New York price for 

board. Using this system, the public may | tables were derived are contained in the in- | the metal. 

obtain information up to 4 weeks before | dividual commodity chapters of Volume I The weight or volume units shown are 

published copies of the reports would ar- | and in the State chapters of Volume II of | those customarily used in the particular in- 

rive in the mail. The MINES-DATA system | this edition of the ““Minerals Yearbook’. | dustries producing the commodities. Values. 

may be accessed by calling (202) 634-4637 Although crude mineral production may | shown are in current dollars, with no ad- 

using a modem set to 1200 or 2400 baud, | be measured at any of several stages of ex- | justments made to compensate for changes 

8 data bits, no parity, and one stop bit. | traction and processing, the stage of | in the purchasing power of the dollar. 

TABLE 1 

| NONFUEL MINERAL PRODUCTION. IN THE UNITED STATES 

1987 1988 1989 

| Mineral | ; Value , Value ; Value 

Quantity (thousands) Quantity (thousands) Quantity - (thousands) 

METALS 
Bauxite metric tons, dried equivalent 575,574 $10,916 587,889 $10,566 W WwW 

Beryllium concentrates metric tons W W 5,308 6 4,592 | $5 

Copper? do. 1,243,638 2,261,833 T1 416,928 3 764,353 1,497,458 4,322,922 

Gold? kilograms 153,870 2,216,027 200,914 2,831,281 265,541 3,266,210 

-Tron ore (includes byproduct material) 

thousand metric tons 47,983 1,503,087 57,113 1,716,661 58,299 1,901,722 

Iron oxide pigments (crude) metric tons 38,803 3,598 39,711 3,815 45,575 3,645 

: Lead? do. 311,381 246,720 384,983 315,222 410,915 356,477 

Magnesium metal © do. 124,307 381,914 141,983 469,767 152,066 508 ,668 

Molybdenum? thousand pounds 69,868 179,286 “101,283 "271,039 139,124 421,427 

Nickel? short tons — — — — 382 2,600 

Platinum-group metals® kilograms 3,110 44,686 4,970 67,622 6,280 85,318 

Silver? metric tons 1,241 279,675 1,661 349 ,339 2,007 354,973 

Zinc? do. 216,327 199,924 244,314 324,249 275,883 499,103 

Combined value of antimony, manganiferous ore 
(5% to 35%), mercury, rare-earth metal concen- 

trates, tin, titanium concentrates (ilmenite and 

rutile), tungsten, vanadium, zircon concentrates, 

and values indicated by symbol W XX 110,422 XX 116,954 XX 222,944 

Total metals* XX 7,438,000 XX 10,241,000 | KX 11,946,000 

INDUSTRIAL MINERALS (EXCEPT FUELS) 

Abrasives> metric tons 11,587 $957 13,313 $1,183 1,257 $189 

Asbestos do. 50,600 17,198 WwW W 17,427 W 

Barite thousand metric tons 406 15,810 404 15,512 290 12,625 

See footnotes at end of table. 
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TABLE 1—Continued | 

NONFUEL MINERAL PRODUCTION’ IN THE UNITED STATES 

1987 1988 1989 

i . al , Value ; 

wner Quantity (thousands) Quantity (thousands) Quantity thousands) 

Boron minerals metric tons 1,256,452 $475 ,092 1,149,404 $429,667 1,114,007 $429,806 

Bromine” thousand kilograms 151,954 107,000 163,293 144,000 175,000 188,650 

Cement: 

Masonry thousand short tons 3,680 259,926 3,574 243,941 3,329 229,441 

Portland do. 74,868 3,646,561 74,074 3,575,906 74,202 3,592,255 

Clays metric tons 43,234,014 1,202,284 44,515,041 1,400,820 42,254,269 1,515,300 

Diatomite do. 596,928 134,239 628,680 143,774 617,164 136,754 

Emery short tons 1,945 WwW WwW Ww — — 
Feldspar do. 720,000 26,100 715,484 28,082 721,256 28,029 

Fluorspar metric tons “63,500 WwW “63,500 Ww “66,000 WwW 

Garnet (abrasive) do. 38,353 4,350 42,506 4,707 42,604 4,408 

Gem stones NA _ 21,389 NA 43,580 NA 42,901 

Gypsum thousand short tons 15,612 106,977 16,390 109,205 17,624 128,448 

Helium: | | 

Crude million cubic feet 730 16,068 W W W WwW 

Grade-A do. 2,230 82,540 2,574 95,238 2,879 106,523 

Iodine kilograms W W “998,000 WwW 1,508 ,000 23,947 

Lime thousand short tons 15,733 786,125 "17,052 "817,893 17,152 852,113 

Mica (scrap) thousand metric tons 146 8,201 130 6,793 119 6,273 

Peat thousand short tons 958 21,020 "908 ‘20,320 769 17,636 

Perlite | do. 533 16,494 “645 17,652 601 16,301 

Phosphate rock thousand metric tons 40,954 793,280 45,389 887,809 ~ 49,817 1,082,797 

Potash (K,O equivalent) do. 1,262 195,700 1,521 240,300 1,595 271,515 

Pumice do. 356 4,493 353 4,129 424 8,213 

Salt thousand short tons 36,493 684,170 37,997 680,174 38,356 776,846 

Sand and gravel: 

Construction do. “895,200 “3 002,500 923,400 3,126,000 “897,300 “3,249,000 

Industrial do. 28,010 364,100 28,480 388,000 29,205 410,200 

Sodium compounds: 

Soda ash do. 8,891 593,685 9,632 644,973 9,915 764,146 

Sodium sulfate (natural) do. 382 33,086 398 31,377 375 31,104 | 

Stone: 

Crushed thousand short tons _ 1,200,100 5,248,600 “1,247,800 “5,558,000 1,213,400 5,325,800 

Dimension short tons 1,183,849 190,153 “1,189,333 *196,289 1,206,995 208,311 

Sulfur (Frasch) thousand metric tons 3,610 386,834 4,341 430,814 3,780 378,712 

Talc and pyrophillite thousand short tons 1,281,789 28,872 "1,359,937 “31,185 1,381,335 WwW 

Tripoli metric tons 104,259 975 99,928 864 105,229 2,537 

Vermiculite short tons 302,926 33,105 303,544 33,948 293,320 32,550 

Combined value of aplite, calcium chloride (natural), 

graphite (natural, 1988-89), kyanite, lithium minerals, 
Magnesite, magnesium compounds, marl (green- 
sand), olivine, pyrites, staurolite, wollastonite, and 

values indicated by symbol W XX "395,795 XX “452,436 XX 496,445 

Total industrial minerals* XX 18,904,000 XX 19,805 ,000 XX =. 20,370,000 

Grand total XX 26,342,000 XX 30,045,000 XX 32,316,000 

“Estimated. “Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with ‘‘Combined value’’ figure. XX Not applicable. 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

2Recoverable content of ores, etc. 

3Content of ore and concentrate. 

‘Data may not add to totals shown because of independent rounding. 

SGrindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 

SExcludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table. 
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Oe TABLE 2 | 

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND 

PRINCIPAL PRODUCING STATES IN 1989 

NN 

Mineral Principal producing States, Other producing States | 
in order of quantity : 

Abrasives! AR, IN, OH. 

Antimony (content of ores, etc.) | MT. 

Aplite VA. 

Asbestos CA and VT. 

Barite GA, NV, MO, TN. IL, MT. | 

Bauxite AR, AL, GA. . . 

Beryllium concentrate UT. | 

Boron minerals - CA. 

Bromine AR. | 

Calcium chloride (natural) MI and CA. , 

Cement: . 

Masonry FL, PA, IN, MI. All other States except AK, CT, DE, LA, MA, MN, NV, NH, NJ, NC, 

ND, RI, VT, WI. 

Portland CA, PA, TX, MI. All other States except CT, DE, LA, MA, MN, NH, NJ, NC, ND, RI, 

VT, WI. 

Clays GA, WY, FL, TN. All other States except AK, DE, HI, RI, VT, WI. 

Copper (content of ores, etc.) AZ, NM, UT, MT. CA, CO, ID, IL, MI, MO, NV, TN. 

Diatomite CA, NV, WA, OR. AZ. 

Emery | (7) 
Feldspar NC, CA, CT, GA. ID, OK, SD. 

Fluorspar IL and NV. 

Garnet (abrasive) ID and NY. 

Gold (content of ores, etc.) NV, CA, UT, SD. AK, AZ, CO, ID, MI, MT, NM, OR, SC, WA. 

Graphite (natural) MT. 

Gypsum TX, IA, MI, OK. AR, AZ, CA, CO, IN, KS, LA, MT, NM, NV, NY, OH, SD, UT, VA, 
WA, WY. 

Helium KS, WY, TX, NM. 

Todine OK. 

Iron ore (includes byproduct) MN, MI, MO, UT. CA, MT, NM, NY, SD, TX. 

Iron oxide pigments (crude) GA, VA, MI, MO. AZ. . 

Kyanite VA. 

Lead (content of ores, etc.) MO, ID, CO, AK. AZ, IL, MY, NM, NY, SD, TN. 

Lime MO, OH, PA, AL. All other States except AK, CT, DE, FL, GA, HI, KS, ME, MD, MS, 
NH, NJ, NM, NY, NC, RI, SC, VT. | 

Lithium minerals NC and NV. 

Magnesite NV. | 

Magnesium compounds MI, CA, FL, DE. TX, UT. 

Magnesium metal TX, WA, UT. 

Manganiferous ore SC. 

Marl (greensand) NJ. 

Mercury NV, CA, UT. 

Mica (scrap) NC, GA, SC, SC. CO, PA, SD. 

Molybdenum CO, AZ, NV, ID. CA, MY, NM, UT. 

Nickel OR. | 

Olivine NC AND WA. 

Peat MI, FL, MN, IL. CO, GA, IA, IN, MA, MD, ME, MT, NC, ND, NJ, NY, OH, PA, SC, 

A 
Perlite NM, AZ, ID, CA. Co, NV. 

Phosphate rock FL, NC, ID, UT. MT, TN. 

Platinum-group metals MT. 

See footnotes at end oftable 
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TABLE 2—Continued 

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND 

PRINCIPAL PRODUCING STATES IN 1989 | 

a 

Mineral Pane. a ie nme sonetity Other producing States 

Potassium salts NM, UT, CA, MI. 

Pumice CA, OR, NM, ID. HI, KS. 

Pyrites (ore and concentrate) AZ. 

Rare-earth metal concentrate CA and FL. 

Salt NY, OH, LA, MI. AL, AZ, CA, KS, NM, NV, TX, UT, WV. 

Sand and gravel: : | 

Construction CA, TX, OH, AZ. All other States. . 

Industrial IL, CA, TX, NJ. | All other States except AK, DE, HI, IA, ME, NH, NM, ND, OR, SD, 

VT, WY. 

Silver (content of ores, etc.) NV, ID, MT, UT. AK, AZ, CA, CO, IL, MI, MO, NM, NY, OR, SC, SD, TN, WA. 

Sodium carbonate (natural) WY and CA. 

Sodium sulfate (natural) CA, TX, UT. 

Staurolite FL. 

Stone: 

. Crushed PA, FL, VA, GA. All other States except DE, ND. 

Dimension VT, IN, GA, SD. All other States except AK, DE, FL, HI, KY, LA, MS, NE, NV, NJ, 

ND, OR, RI, UT, WV, WY. | 

Sulfur (Frasch) TX and LA. 

Talc and pyrophyllite MT, VT, TX, NC. AL, AR, CA, GA, NY, OR, VA. 

Tin AK and AZ. 

Titanium concentrates FL and CA. 

Tripoli | IL, OK, AR, PA. 

Tungsten (content of ores, etc.) CA. 

Vanadium (content of ores, etc.) Co, ID, AR, UT. 

Vermiculite (crude) SC, MT, VA. ) 

Wollastonite NY. | 

Zinc (content of ores, etc.) TN, MO, NY, CO. AK, ID, IL, MT, NM. 

Zircon concentrate FL, NJ, AL. , 

1Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 

2No production reported. 
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TABLE 3 | 

VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES AND 

PRINCIPAL NONFUEL MINERALS PRODUCED IN 1989 : 

State ihowsan ds) Rank Oe a Principal minerals, in order of value . 7 

Alabama $462,752 22 1.43 Stone (crushed), cement (portland), lime, and sand and gravel (construction). 

Alaska 213,352 36 .66 Gold, sand and gravel (construction), zinc, and silver. 

Arizona 3,040,368 1 9.41 Copper, sand and gravel (construction), molybdenum, cement (portland). 

Arkansas 381,909 26 1.18 Bromine, stone (crushed), cement (portland), sand and gravel (construction). | | 

California 2,854,116 2 8.83 Sand and gravel (construction), cement (portland), boron, gold. 
Colorado 453,990 23 1.40 Molybdenum, sand and gravel (construction), cement (portland), gold. 

Connecticut 113,217 41 35 Stone (crushed), sand and gravel (construction), feldspar, sand and gravel (industrial). . 

Delaware! 6,201 50 .02 Magnesium compounds, sand and gravel (construction), gem stones. 

Florida 1,608,263 4 4.98 Phosphate rock, stone (crushed), cement (portland), sand and gravel (construction). 

Georgia 1,387,295 8 4.29 Clays, stone (crushed), cement (portland), stone (dimension). 

Hawaii! 92,051 44 28 Stone (crushed), cement (portland), sand and gravel (construction), cement (masonry). | 

Idaho | 366,310 28 1.13 Phosphate rock, silver, molybdenum, gold. | 

Illinois . 633,361 17 1.96 Stone (crushed), cement (portland), sand and gravel (construction), sand and gravel (industrial). 

Indiana 434,115 24 1.34 Stone (crushed), cement (portland), sand and gravel (construction), stone (dimension). 

Iowa 282,702 33 .87 Stone (crushed), cement (portland), sand and gravel (construction), gypsum (crude). 

Kansas 318,131 31 .98 Salt, cement (portland), stone (crushed), helium (Grade-A). 

Kentucky 330,659 30 1.02 Stone (crushed), lime, cement (portland), sand and gravel (construction). 

Louisiana 379,722 27 1.18 Sulfur (Frasch), salt, sand and gravel (construction), stone (crushed). 

Maine 64,654 46 .20 Sand and gravel (construction), cement (portland), stone (crushed), stone (dimension). 

Maryland 342,050 29 1.06 . Stone (crushed), cement (portland), sand and gravel (construction), cement (masonry). 

Massachusetts 144,126 39 45 Stone (crushed), sand and gravel (construction), stone (dimension), lime. 

Michigan 1,598,971 3 4.95 Iron ore (includes byproduct material), cement (portland), sand and gravel (construction), stone crushed). 

Minnesota 1,438,135 7 4.45 Iron ore (includes byproduct material), sand and gravel (construction), stone (crushed), stone (dimension). 

Mississippi 107,610 42 .33 Sand and gravel (construction), clays, cement (portland), stone (crushed). 

Missouri 1,050,056 11 3.25 Lead, cement (portland), stone (crushed), lime. 

Montana 599,239 18 1.85 Copper, gold, platinum-group metals, molybdenum. | 

Nebraska 103,817 43 .32 Sand and gravel (construction), cement (portland), stone (crushed), lime. | 

Nevada 2,319,068 3 7.18 Gold, silver, sand and gravel (construction), molybdenum. 

: New Hampshire! _ 33,240 47 .10 Sand and gravel (construction), stone (dimension), stone (crushed), clays. 

New Jersey 248,883 34 77 Stone (crushed), sand and gravel (construction), sand and gravel (industrial), zircon concentrates. 

New Mexico 1,124,592 10 3.48 Copper, potassium salts, sand and gravel (construction), silver. 

New York 745,168 14 2.31 Stone (crushed), salt, cement (portland), sand and gravel (construction). 

North Carolina 581,568 19 1.80 Stone (crushed), phosphate rock, lithium minerals, sand and gravel (construction). 

North Dakota 13,660 48 .04 Sand and gravel (construction), lime, clays, peat. 

Ohio 699,156 15 2.16 Stone (crushed), sand and gravel (construction), salt, lime. 

Oklahoma 219,031 35 .68 Stone (crushed), cement (portland), iodine, sand and gravel (construction). 

Oregon 185,556 37 57 Stone (crushed), sand and gravel (construction), cement (portland), lime. 

Pennsylvania 1,000,669 12 3.10 Stone (crushed), cement (portland), sand and gravel (construction), lime. 

Rhode Island! 11,072 49 .03 Stone (crushed), sand and gravel (construction), sand and gravel (industrial), gem stones. 

South Carolina 425,297 25 1.32 Stone (crushed), gold, cement (portland), clays. 

South Dakota 284,358 32 .88 Gold, cement (portland), sand and gravel (construction), stone (dimension). 

Tennessee 638,407 16 1.98 Stone (crushed), zinc, cement (portland), clays. 

Texas 1,462,453 6 4.53 Cement (portland), magnesium metal, stone (crushed), sulfer (Frasch). 

Utah 1,290,450 9 3.99 Copper, gold, magnesium metal, cement (portland). 

Vermont 88,902 45 .28 Stone (crushed), stone (dimension), sand and gravel (construction), talc and pyrophyllite. | 

Virginia 509,130 20 1.58 Stone (crushed), sand and gravel (construction), lime, cement (portland). 

Washington 480,879 21 1.49 Sand and gravel (construction), magnesium metal, gold, stone (crushed). 

West Virginia 125,498 40 39 Stone (crushed), cement (portland), salt, sand and gravel (industrial). 

Wisconsin! 185,277 38 7 Stone (crushed), sand and gravel (construction), sand and gravel (industrial), lime. 

Wyoming 827,361 13 2.56 Sodium carbonate (natural), clays, helium (Grade-A), sand and gravel (construction). 

Undistributed 9,043 — — 

Total? 32,316,000 XX 100.00 
XX Not applicable. 

'Partial total, excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with ‘‘Undistributed’’ figure. 

2Data may not add to totals shown because of independent rounding. 
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TABLE 4 

VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE MILE IN 1989, BY STATE 

State Area Population Total | Per square mile Per capita 

(square miles) (thousands) (thousands) Dollars Rank Dollars Rank 

Alabama 51,705 | 4,118 $462,752 8,950 27 112 21 

Alaska 591,004 527 213,352 361 49 405 7 
Arizona 114,000 3,556 3,040,368 26,670 5 855 3 

Arkansas 33,187 2,406 381,909 7,180 31. 159 14 

California 158,706 29,063 2,854,116 17,984 10 98 24 

Colorado 104,091 3,317 453,990 4,361 37 137 16 

Connecticut 5,018 3,239 113,217 22,562 7 35 44 

Delaware 2,044 | 673 16,201 3,034 44 9 50 

Florida 58,664 12,671 1,608,263 27,415 3 127 18 

Georgia 58,910 6,436 1,387,295 23,549 6 216 11 

Hawaii 6,471 1,112 192,051 14,225 18 83 31 

Idaho 83,564 1,014 366,310 4,384 36 361 9 

Illinois 56,345 11,658 633,361 11,241 22 54 39 

Indiana 36,185 5,593 434,115 11,997 21 78 32 

Iowa 56,275 2,840 282,702 53,024 35 100 23 

Kansas 82,277 2,513 318,131 3,867 39 127 19 

Kentucky 40,409 3,727 330,659 8,183 29 89 25 

Louisiana 47,751 4,382 379,722 7,952 30 87 27 

Maine 33,265 1,222 64,654 1,944 46 53 40 
Maryland ~ 10,460 4,694 342,050 32,701 1 73 33 

Massachusetts 8,284 5,913 144,126 17,398 11 24 47 

| Michigan 58,527 9,273 1,598,971 27,320 4 172 13 

Minnesota 84,402 4,353 1,438,135 17,039 — 42 330 | 10 

Mississippi 47,689 2,621 107,610 2,256 45 : 41 42 

Missouri 69,697 5,159 1,050,056 15,066 17 204 12 

Montana 147,046 806 599,239 4,075 38 743 5 

Nebraska 77,355 1,611 103,817 1,342 48 64 | 37 
Nevada 110,561 1,111 2,319,068 20,975 9 — 2,087 1 

New Hampshire 9,279 1,107 133,240 3,582 41 30 46 

New Jersey 7,787 7,736 248,883 31,961 2 32 45 

New Mexico 121,593 1,528 1,124,592 9,249 24 736 6 

New York 49,107 17,950 745,168 15,174 — 45 42 41 

North Carolina 52,669 6,571 . 581,568 11,042 23 89 26 

North Dakota 70,703 660 13,660 193 50 21 48 

Ohio 41,330 10,907 699,156 16,916 13 64 38 

Oklahoma 69,956 3,224 219,031 3,131 43 68 34 

Oregon 97,073 2,820 185,556 1,912 47 66 36 

Pennsylvania 45,308 12,040 1,000,669 22,086 8 83 30 

Rhode Island 1,212 998 111,072 9,135 26 11 49 

South Carolina 31,113 3,512 425,297 13,669 19 121 20 

South Dakota 77,116 715 284,358 3,687 40 398 8 

Tennessee 42,144 4,940 638,407 15,148 16 129 17 

Texas 266,807 16,991 1,462,453 5,481 33 86 28 

Utah 84,899 1,707 1,290,450 15,200 14 756 4 

Vermont 9,614 567 88,902 9,247 25 157 15 

Virginia 40,767 6,098 509,130 12,489 20 83 29 

Washington 68,138 4,761 480,879 7,057 32 101 22 

West Virginia 24,231 1,857 125,498 5,179 34 68 35 

Wisconsin 56,153 4,867 1185,277 3,300 42 38 43 

Wyoming 97,809 475 827,361 8,459 28 1,742 2 

Undistributed XX XX 9,043 XX XX _ XX XX 

Total? or average 3,618,700 247,639 332,316,000 8,930 XX 130 XX 

XX Not applicable. 

'Partial total, excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with ‘‘Undistributed”’ figure. 

Excludes Washington, DC (which has no mineral production), with an area of 69 square miles and a population of 604,000. 

3Data do not add to total shown because of independent rounding. 

Sources: Bureau of Mines and Bureau of the Census. 
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TABLE 5 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

NNN 
1987 1988 1989 

, . Value . 

wera Quantity thousands) Quantity (thousands) Quantity (thousands) 
ALABAMA 

Cement: 

Masonry. thousand short tons 291 $17,626 273 $16,457 252 $13,852 

Portland do. 3,600 160,878 3,524 157,214 3,169 130,590 

Clays? metric tons 2,031,163 16,217 2,282,670 16,039 | 1,878,070 18,537 

Gem stones NA 7 NA 5 NA WwW 

Lime thousand short tons 1,232 52,200 1,450 66,576 1,481 70,361 

| Sand and gravel: 

Construction . do. “10,300 “35,600 11,742 41,417 “10,400 “36,500 

Industrial do. 580 5,025 871 8,507 805 8,092 

Stone (crushed) do. 30,018 146,247 . “29,700 “140,100 331,737 3167,332 

Combined value of bauxite, clays : 

(bentonite), salt, stone (crushed granite : 

1989, dimension), talc and pyrophyllite 
(1988-89), zircon concentrates, (1988-89), 

_and value indicated by symbol Wo XX _—*2, BAS XX _13,180 _ XX NTT 
Total XX 446,643 XX 459,495 XX 462,751 

ALASKA 

Gem stones NA $86 NA $50 NA WwW 

Gold‘ kilograms 3,812 “54,895 4,210 59,320 5,756 $70,800 

Sand and gravel (construction) 

thousand short tons “27,200 “73,400 17,200 48,749 *17,000 “48,500 

Silver* metric tons (°) 111 1 135 W W 

Stone (crushed) thousand short tons 2,033 8,945 “1,800 “8,400 2,900 20,300 

Combined value of cement (portland), lead 
(1989), tin, zinc (1989), and values | 

indicated by symbol W XX 4,010 XX 2,040 XX 73,752 

Total / XX 141,447 XX 118,694 XX 213,352 

ARIZONA | 

Clays short tons 218,151 $1,905 185,620 $1,590 188,211 $2,506 

Copper* metric tons 751,073 1,365,994 "842,728 "2,238,875 898,315 2,593,292 

Diatomite do. 7,257 1,208 W W 

Gem stones NA 3,000 NA 3,300 NA 2,821 

Gold* kilograms 1,791 25,798 4,549 64,106 2,810 34,564 

Lime do. 546 21,932 674 29,637 WwW WwW 

Perlite thousand short tons 49 1,361 WwW Ww Ww WwW | 

Pumice thousand metric tons 907 7 907 7 — — 

Sand and gravel: 
Construction do. “38,100 “141,300 32,399 123,854 °33,900 “133,900 

Industrial do. WwW W 119 3,045 W W 

Silver‘ metric tons 114 25,666 152 31,974 171 30,186 

Stone: 

Crushed thousand short tons 7,712 33,999 “7,400 33,000 6,649 28,552 

Dimension short tons W “1 W WwW 

Combined value of cement, gypsum, iron 
oxide pigments (crude, 1989), lead 

(1988-89), molybdenum, pyrites, salt, tin 

_(1988-89), and values indicated by symbol W XX _129,398 _ XX _ 235,596 _ XX __ 214,546 
Total XX 1,750,360 XX 2,766,193 XX 3,040,367 

See footnotes at end of table. 

10 SURVEY METHODS AND STATISTICAL SUMMARY FOR NONFUEL MINERALS YEARBOOK—1989



lt RN 

TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

SSS 

1987 1988 1989 

Mineral . Value . Value . Value 

Quantity (thousands) . Quantity (thousands) Quantity (thousands) eee Nee NS 
ARKANSAS eee 

Abrasives® metric tons W W 1,120 $429 WwW WwW 

Clays do. 824,082 $8,651 844,466 15,376 901,308 $17,391 

Gem stones | NA 1,800 NA 2,300 NA 4,041 
Sand and gravel: 

Construction thousand short tons 7,200 “23,900 7,722 26,201 7,500 “25,500 
Industrial do. 505 5,147 669 6,784 545 5,507 

Stone: 

Crushed do. 15,234 63,847 “17,100 “70,100 318,791 376,419 
Dimension short tons 10,541 629 “10,541 “629 W WwW 

Combined value of bauxite, bromine,° | 
cement, gypsum, lime, stone (crushed slate 

and dolomite, 1989), talc and pyrophyllite, 
tripoli, vanadium (1989), and values 
indicated by symbol W XX 160,188 XX 184,970 XX 253,051 

Total XX 264, 162 XX 306,789 XX 381,909 I I OF SS IU 
CALIFORNIA | eee EE 

Boron minerals’ metric tons 625,051 $475,092 577,877 $429,667 1,114,007 $429,806 

Cement: 

Masonry thousand short tons W W 8 730 W WwW 

Portland do. 9,937 593,859 10,423 601,152 10,911 642,020 

Clays metric tons 2,083,200 33,045 2,015,488 31,620 2,195,830 39,243 

Gem stones NA 3,367 NA 3,365 NA 2,982 

Gold‘* kilograms 18,743 269,937 22,442 316,246 | 29,804 366,595 

Gypsum thousand short tons 1,468 11,719 1,490 11,222 1,734 13,066 
Lime do. 465 25,745 “458 “20,242 395 24,503 
Mercury metric tons (°) (>) W WwW W WwW 

Peat thousand short tons W W 2 119 — — 

Pumice short tons 42,000 1,539 35,000 1,245 79 4,612 

Sand and gravel: 

Construction thousand short tons “141,600 “561,300 141,946 622,074 “138,300 “670,800 
Industrial do. 2,241 41,472 2,444 42,078 2,426 43,863 

Silver* metric tons 4 854 15 3,148 21 3,650 

Stone: | 

Crushed thousand short tons 44,315 186,504 “49,100 “275,000 54,887 238,034 
Dimension short tons 33,335 4,554 “42,048 °5 991 28,829 5,564 

Combined value of asbestos, barite 

(1987-88), calcium chloride (natural), 

copper (1988-89), diatomite, feldspar, 

diatomite, feldspar, iron ore (includes 

byproduct material, 1988-89), magnesium 
compounds, molybdenum, perlite, 

potassium salts, rare-earth metal 

concentrates, salt, sodium carbonate 

(natural), sodium sulfate (natural), talc and 

prophyllite, titanium concentrates ilmenite, 
1989), tungsten ore concentrates, 

wollastonite (1987), and values indicated by 
symbol W XX. 342,298 | xx 334,755 XX __ 369,378 

Total XX 2,551,285 XX 2,698,654 XX 2,854,116 eee NS OE NON IT, PLO 
See footnotes at end of table. 
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| _ TABLE 5—Continued | 

NONFUEL MINERAL PRODUCTION 1 IN THE UNITED STATES, BY STATE 

1987 : 1988 1989 

Mineral . Value Value . Value 

Quantity (thousands) Quantity (thousands) Quantity (thousands) 

| COLORADO . 

Clays metric tons 264,944 $1,763 247,471 — $1,890 265,435 $2,064 

Copper* do. WwW WwW 898 2,386 . WwW Ww 

Gem stones NA 100 NA 100 NA 240 

~Gold* kilograms 5,561 80,091 5,126 72,237 3,448 42,411 

Peat thousand short tons W W W W WwW 412 

Sand and gravel (construction) 
dt “22,800 “84,300 21,566 69,882 “25,300 “104,000 

Silver‘ metric tons 27 6,033 27 5,588 | WwW W 

| Stone: 

Crushed thousand short tons — 8,045 33,465 “10,600 “42,400 37,261 332,435 

Dimension short tons 3,000 133 3,450 “143 5,310 398 

Combined value of cement, gypsum, lead, lime, | 

mica (crude, 1989), molybdenum, perlite, 
pyrites (1987), sand and gravel (industrial), 
stone (crushed traprock, 1989), vanadium, 7 

Total XX 372,989 XX 364,005 XX 453,990 

CONNECTICUT 

Gem stones NA $2 NA $2 NA $2 

Sand and gravel (construction) 
thousand short tons “8,400 37,000 8,275 32,102 “5,800 “24,700 

Stone: 

Crushed do. 11,412 76,668 “11,400 “76,900 311,480 378,734 

Dimension short tons 18,140 1,646 “19,718 | “1,914 WwW Ww 

Combined value of clays (common), 
feldspar, mica (scrap, 1987-88), sand and 
gravel (industrial), stone (crushed granite, . | 

1989), and value indicated by symbol W XX 6,959 XX 7,198 XX 9,780 

Total XX 122,275 XX 118,116 XX 113,216 

DELAWARE 

| Gem stones | NA $1 NA $1 NA $1 

Marl (greensand) short tons WwW Ww 750 10 — — 

Sand and gravel (construction) 

Total® | XX 6,401 XX 5,999 XX 6,201 

FLORIDA 

Cement: 

Masonry thousand short tons 390 $24,069 411 $25,892 477 $31,231 

Portland do. 3,565 165,944 3,682 168,719 4,357 207,857 

Clays metric tons 541,760 39,496 536,922 44,423 2563 ,687 246,941 

Peat thousand short tons 363 6,068 266 5,091 235 4,515 

Sand and gravel: 

Construction do. “30,000 74,900 18,654 53,083 *17,900 *55,500 

Industrial do. 1,884 19,713 636 6,928 681 7,768 

Stone (crushed) do. 378,992 3350,537 © °83 200 © *374,400 83,995 341,397 

Combined value of clays (common), gem 

stones, magnesium compounds (1988-89), 
phosphate rock, rare-earth metal 

concentrates, staurolite, stone (crushed mar] 

1987-88), titanium concentrates (ilmenite 

and rutile), and zircon concentrates XX 665,510 xX 713,345 XX 913,054 

Total XX 1,346,237 XX 1,391,881 XX 1,608 ,263 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

1987 1988 1989 

Mineral . V ; Value . 

° Quantity (thousands Quantity (thousands) Quantity housends) 

GEORGIA 

Clays metric tons 9,484,392 $756,093 10,274,358 $908,771 9,768,312 $1,004,954 

Gem stones NA 20 NA 20 NA 21 

Sand and gravel: 

Construction thousand short tons “9 000 “26,900 9,526 30,185 “6,100 “18,900 

Industrial do. W W W WwW 537 7,013 

Stone: 

Crushed do. 60,834 318,903 “57,400 “317,200 50,417 262,805 

Dimension short tons 179,207 21,683 °190,472 °27,768 *145,545 “12,087 
Talc and pyrophyllite do. 20,100 286 _ 26,000 260 W WwW 

feldspar, iron oxide pigments (crude), mica 
(scrap), peat, stone (dimension marble, | 

1989), and values indicated by symbol W XX 88,485 XX 89,621 XX 81,515 

Total XX 1,212,370 XX 1,373,825 XX 1,387,295 

HAWAITI 

Cement: | 

Masonry thousand short tons 10 $1,559 , 10 $1,531 10 $1,566 

Portland do. 324 26,550 . 354 28,880 493 40,495 

Gem stones NA 25 NA WwW NA 44 

Lime thousand short tons 3 WwW W W — — 

Sand and gravel (construction) do. “700 3,500 652 3,173 “600 3 200 

Stone (crushed) do. 5,732 41,548 “5,700 “41,000 6,205 46,746 

Combined value of other industrial minerals 

and values indicated by symbol W XX 297 XX 348 XX (9) 

Total XX 73,479 XX 74,932 XX 292 ,051 

IDAHO 

Clays? metric tons 8,114 WwW 8,519 W WwW W 

Copper‘ do. WwW W 2,269 $6,028 2,950 $8,516 

Feldspar short tons — — — _ 12,800 720 

Gem stones NA $507 NA 500 NA 500 

Gold* kilograms 3,041 43,797 3,218 45,349 3,057 37,602 

Lime thousand short tons 97 5,149 Ww W Ww WwW 

Phosphate rock thousand metric tons 3,411 47,072 4,706 81,011 WwW W 

Sand and gravel: 

Construction thousand short tons “7,200 “28,000 6,914 19,897 “5,800 “18,900 

Industrial do. WwW WwW 483 5,089 459 5,037 

Silver* metric tons W W 340 71,512 439 7TT,651 

Stone (crushed) thousand short tons 3,852 15,346 “3,400 “13,100 3,298 12,609 

Combined value of antimony (1988-89), 

cement, clays, (bentonite, common, 
kaolin), garrnet (abrasive), lead, 

molybdenum (1987, 1989), perlite, pumice, 

| stone (dimension), vanadium, zinc, and 

values indicated by symbol W XX “129,502 XX 48,130 XX 204 ,775 

Total XX 269,373 XX 290,616 XX 366,310 | 

IIE ILLINOIS 
Cement (portland) thousand short tons 2,119 $86,210 2,307 $101,760 2,776 $117,224 

Clays? metric tons 211,328 977 163,571 704 142,207 641 

Gem stones NA 15 NA 30 NA W 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE | 

1987 1988 1989 

Mineral . Value . Value . Value 

Quantity (thousands) Quantity (thousands) Quantity (thousands) 

ILLINOIS—Continued 

Sand and gravel: 

Construction thousand short tons “28,300 “$93,300 30,098 $93,504 *33,000 “$108,900 

Industrial do. 4,346 45,547 4,328 56,142 4,582 52,935 

Stone: | 

Crushed do. 52,102 216,212 “57,900 “251,200 °60,829 *256,832 

Dimension short tons WwW WwW “1,175 “129 WwW W 
Combined value of barite (1989), cement | 
(masonry), clays (fuller’s earth), copper, 
fluorspar, lead, lime, peat, silver, stone 
(crushed sandstone, 1989), tripoli, zinc, 

and values indicated by symbol W XX 74,945 : XX 84,157 XX 96,829 

Total XX 517,206 XX 587,626 XX 633,361 

INDIANA 
. Cement: a 

Masonry thousand short tons 422 $32,299 405 $27,442 357 $24,054 

Portland do. 2,320 103,177 2,315 107,179 2,364 108,297 

Clays metric tons *940,451 *4,056 1,035,837 4,630 871,179 3,836 
Gem stones NA - 10 NA 10 NA WwW 

Peat — thousand short tons 44 W 54 W 34 607 

Sand and gravel: 

Construction | do. “18,900 “65,200 25,923 79,985 “29,600 “99,200 

Industrial do. 230 1,357 362 1,829 WwW W 

Stone: 

Crushed do. 31,067 106,770 “36,600 “130,000 336,188 3136,252 
Dimension short tons 183,609 23,115 195,444 “24,956 3198,531 327,212 

Combined value of abrasives, clays (fire clay 
1987), gypsum, lime, stone (crushed marl 
and miscellaneous, 1989, dimension 
sandstone, 1989), and values indicated by | 

| symbol W XX 27,881 XX 30,358 XX 34,657 

Total XX 363,865 XX 406,389 XX 434,115 

IOWA | 

Cement: 

Masonry thousand short tons W W WwW W 47 $4,450 

Portland do. 2,139 $104,457 2,029 $98,930 2,072 102,387 

Clays metric tons 428,907 1,495 403 ,923 1,588 439,323 1,773 

Gem stones NA WwW NA WwW NA 10 

Gypsum thousand short tons 1,874 12,887 2,047 13,710 2,273 16,884 

Peat . do. 24 WwW "15 433 W W 

Sand and gravel (construction) do. “19,000 “63,800 11,880 36,087 “12,800 “37,800 

Stone: 

Crushed do. 25,991 110,106 “29,200 “128,500 28,049 111,182 

Dimension short tons WwW WwW Ww “588 15,151 613 
Combined value of other industrial minerals 

and values indicated by symbol W XX 12,332 XX 10,420 XX 7,603 

Total XX 305,077 XX 290,256 XX 282,702 

KANSAS 

Cement: 

Masonry thousand short tons 52 $3,150 50 $2,988 42 $2,514 

Portland do. 1,697 81,045 1,569 72,805 1 1,505 69,390 

Clays? metric tons 547,650 2,576 555,739 2,632 : 533,099 2,700 

Gem stones NA 3 NA 3 NA W 

Salt!° thousand short tons 1,689 70,148 1,284 55,753 1,948 82,212 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

—_—---——— ee eee -:0 C0€0—_ 

1987 1988 1989 

Mineral . Value . Value . Value t1 
Quantity (thousands) Quantity (thousands) Quantity (thousands) eee I NEE eS) 

KANSAS—Continued eee 
Sand and gravel: 

Construction thousand short tons “15,600 “$37,800 10,760 $25,329 “13,000 “$33,200 

Industrial do. 127 1,400 WwW W 230 2,690 

Stone: | 

Crushed do. 19,319 69,628 “17,300 “72,700 315,850 356,976 

Dimension short tons - 11,423 445 “6,889 “219 WwW WwW 
Combined value of clay (bentonite), gypsum, | 
helium (crude and Grade-A), pumice, salt 
(brine), stone (crushed sandstone and 

quartzite, 1989), and values indicated by 
symbol W XX 53,409 XX 59,284 XX 68,449 

Total XX 319,604 XX 291,713 XX 318,131 SSeS I EO AOE 
KENTUCKY meee en 

Clays? metric tons 801 ,287 $3,393 762,324 $3,217 716,990 $3,357 

Gem stones NA 3 NA 3 NA WwW 
Sand and gravel (construction) | 

thousand short tons “7,100 *15,200 6,325 15,243 °5,500 “15,100 
Stone (crushed) do. 43,330 173,222 “50,700 “207,900 448,178 4187,849 

Zinc‘ metric tons 10 9 W W — — 

Combined value of cement, clays (ball clay, 

fire clay), lime, sand and gravel (industrial, 

1987, 1989), stone (crushed dolomite, 
1989), and values indicated by symbol W XX 98,508 XX 118,616 XX 124,353 

| Total XX 290,335 XX 344,979 XX 330,659 

LOUISIANA Eee 
Clays metric tons 323,778 $9,192 340,900 $9,535 233,992 $6,115 

Gem stones NA 1 NA 3 NA 14 

Salt thousand short tons 12,498 108,999 14,274 108,982 . 13,218 115,203 

Sand and gravel: 

Construction do. “12,200 “43,600 14,233 52,820 “13,600 “54,400 

Industrial do. 289 3,997 318 4,786 572 9,664 

Stone (crushed) do. 34,390 336,514 * 33.700 * 329,200 3,206 24,414 

Sulfur (Frasch) thousand metric tons 1,458 W 1,719 WwW 1,334 W 

Combined value of cement [masonry 
(1987-88), portland, (1987-88)], gypsum, 

lime, stone (crushed miscellaneous, 

(1987-88), and values values indicated by 

symbol W _ XX __22:1,918 _ XX _ 229,210 _ XX __ 169,912 
Total XX 424,221 XX 434,536 XX 379,722 

MAINE 

Gem stones NA $1,172 NA $150 NA WwW 

Sand and gravel (construction) 
thousand short tons “8 600 “22,100 10,183 33,007 “8,600 “$30,100 

Stone: 

Crushed do. 2,010 7,532 “1,400 5,300 1,591 8,801 

Dimension short tons 7,512 5,924 “7,512 5,924 W WwW 

Combined value of cement, clays (common), 

garnet (abrasive 1987-88), peat (1988-89), . 
and values indicated by symbol W Xx ___ 28,729 ___—XXx ___ 23,379 XX ___ 25,753 

Total XX 65,457 XX 67,760 XX 64,654 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION’ IN THE UNITED STATES, BY STATE 

1987 1988 1989 

i ; . Value 
miner | Quantity thousands) . Quantity (thousands) Quantity thousands 

MARYLAND 

Cement (portland) thousand short tons 1,829 $90,020 1,808 $89,083 1,871 $94,002 

Clays metric tons 347,501 1,940 - 357,833 2,016 351,464 1,882 

Gem stones NA 3 NA 5 NA 3 

Lime thousand short tons 9 486 6 329 — — 

Peat do. W WwW 7 WwW 3 WwW 

Sand and gravel (construction) do. “19,600 “92,900 19,266 95,169 16,900 84,500 

Stone: 

Crushed do. 30,136 151,579 “32,700 “167,000 30,841 153,375 

Dimension short tons 22,843 1,516 “20,729 “1,515 27,529 2,072 

Combined value of other industrial minerals 
and values indicated by symbol W XX 6,688 XX 7,804 XX 6,216 

Total XX 345,134 XX 362,921 XX 342,050 

MASSACHUSETTS 

Gem stones NA $1 NA $1 NA $3 

Sand and gravel: 

Construction thousand short tons “21,800 *75,300 22,168 79,364 “13,900 *57,000 

_ Industrial do. 56 922 WwW WwW 34 601 

Stone: 

Crushed do. 14,907 78,969 “17,500 “91,900 11,880 67,768 

Dimension short tons 76,579 12,747 W Ww 67,533 10,302 

Combined value of clays (common), lime, 
peat, and values indicated by symbol W XX 8,583 XX 20,973 XX 8,452 |. 

Total XX 176,522 XX 192,238 XX 144,126 

MICHIGAN 

Cement: . 

Masonry thousand short tons 263 $23,004 265 $22,915 255 $22,286 

Portland do. 4,755 207,332 5,253 231,141 | 5,449 253,324 

Clays metric tons 1,209,730 5,338 | 1,248,121 4,432 1,249,198 4,599 

Gem stones NA | 25 NA 25 NA 10 | 
Gypsum thousand short tons 1,977 12,190 1,958 11,630 2,089 15,589 

Iron ore thousand metric tons 12,509 WwW 14,623 WwW 15,045 WwW 

Lime | thousand short tons 569 30,320 714 36,088 621 32,479 

Peat do. 281 5,290 "322 6,256 286 6,082 

Sand and gravel: 

Construction do. “42,800 “105,300 53,508 138,171 “48,000 *132,000 

Industrial do. 2,792 22,451 3,045 27,150 2,865 24,577 

Stone (crushed) do. 37,909 109,514 “38,800 “120,300 40,905 123,678 

Combined value of bromine (1987-88), . 

calcium chloride (natural), copper, gold, 

iron oxide pigments (crude), magnesium 

compounds, potassium salts (1989), salt, | 

silver, stone (dimension), and values 
indicated by symbol W XX 844,846 XX 989,453 XX 984,347 

Total XX 1,365,610 XX 1,587,561 XX 1,598,971 

MINNESOTA 

Gem stones NA $40 NA $40 NA $42 

Iron ore thousand metric tons 34,274 1,012,788 40,735 1,134,539 41,044 1,285,807 

Peat thousand short tons 30 WwW 29 "1,414 27 1,415 

Sand and gravel (construction) do. “25,200 “67,400 33,769 72,678 “33,700 *82 600 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

| 1987 | 1988 1989 | 
i . Vv , . 

| | wer Quantity (thousands) Quantity (thousands) Quantity (thousands) 
| MINNESOTA—Continued 

Stone: | 

Crushed thousand short tons 8,995 $29,246 “8,300 “$28,200 | 8,760 $30,218 
Dimension | short tons 41,354 12,967 “45,000 “13,000 44,605 16,031 

Combined value of clays (common, kaolin), : 
lime, sand and gravel (industrial) and value 
indicated by symbol W XX 20,308 XX 18,015 XX 22,022 

| Total XX 1,142,749 XX 1,267,886 XX 1,438,135 

| MISSISSIPPI | 

Clays? short tons 838,826 $13,044 1,093,316 $24,564 899,373 $23,573 | 

Gem stones NA 1 NA 1 NA 5 

| Sand and gravel (construction) 
| thousand short tons “14,700 “47,000 13,314 38,806 15,600 “51,500 

Stone (crushed) do. 1,492 9,621 “1,500 “9,000 1,069 3,994 

Combined value of cement (masonry, 

portland), clays (ball clay, fuller’s earth, 
1987), and sand and gravel (industrial) XX 40,413 XX 31,029 XX 28,539 

Total XX 110,079 XX 103,400 XX 107,611 

| MISSOURI 

Barite thousand metric tons 24 $2,030 24 $1,930 W Ww 

Cement: | a 

Masonry thousand short tons 167 10,027 153 6,310 WwW WwW 
Portland do. 5,110 185,317 4,679 184,755 4,922 $182,005 

Clays? metric tons 1,338,858 10,414 1,435,045 12,171 1,479,898 14,665 

Iron ore thousand metric tons 756 WwW 816 W 1,060 W 
Lead* metric tons WwW WwW 353,194 289,194 366,931 318,320 

Sand and gravel: 

Construction thousand short tons “10,900 “30,400 11,217 32,941 ~  ©10,000 “32,500 
Industrial do. 622 7,786 744 9,876 750 9,972 

Silver* metric tons 37 8,276 45 9,550 53 9,456 
Stone: 

Crushed thousand short tons 54,910 184,824 “52,100 “183,000 51,754 171,848 
Dimension short tons 3,212 454 “3,644 “547 Ww Ww 

Zinc‘ metric tons 34,956 32,306 41,322 54,842 50,790 91,885 

Combined value of clays (fuller’s earth), copper, 

gem stones, iron oxide pigments (crude), 
lime, and values indicated by symbol W XX 391,206 XX 182,833 XX 219,405 

Total XX 863,040 XX 967,949 XX 1,050,056 

MONTANA 

Clays? metric tons 26,199 $98 91,802 $1,416 95,743 $1,835 
Gem stones NA 1,302 NA 1,602 NA 2,500 
Gold‘ kilograms 234,365 104,984 294,976 129,291 11,623 142,965 
Gypsum thousand short tons 24 WwW 27 WwW WwW W 
Lead‘ metric tons W W 8,266 6,768 W W 
Platinum-group metals do. WwW W W WwW 6,280 85,318 
Sand and gravel (construction) 

thousand short tons “6,800 “18,800 7,984 20,225 “5,800 “13,900 
Silver metric tons 185 41,619 192 40,457 194 . 34,367 
Stone (crushed) thousand short tons 1,463 3,585 “1,800 “4,500 2,846 9,718 
Talc and pyrophyllite do. 356,231 11,334 377,789 11,309 500,424 12,718 
Zinc* metric tons WwW W 18,935 25,130 WwW WwW 

See foomotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION’ IN THE UNITED STATES, BY STATE 

1987 1988 1989 

Mineral i, Value Value . V 
Quantity (thousands) Quantity (thousands) ‘Quantity (thousands) 

: MONTANA—Continued 

Combined value of barite (1987, 1989), cement, 

clay (fire clay), copper, graphite (natural 7 
1988-89), iron ore, lime, molybdenum, 

peat, phosphate rock, sand and gravel 

(indistrial), stone (dimension), vermiculite, 

and values indicated by symbol W XX $186,456 XX "$332,630 XX $295,918 

Total XX 368,178 XX 573,328 XX 599,239 

NEBRASKA 

Clays metric tons 202,963 $721 215,419 $786 224,624 $880 

Gem stones NA 10 NA 10 | NA 2 

Sand and gravel (construction) 
thousand short tons “10,300 “26,300 11,229 28,928 “15,200 “41,800 

Stone (crushed) do. 4,316 19,461 °4,900 °22,000 3,978 20,050 

Combined value of cement, lime, and sand | 

and gravel (industrial) XX 43,256 XX 39,468 XX 41,085 

Total XX 89,748 XX 91,192 XX 103,817 

| NEVADA 

Barite | thousand metric tons 279 $4,778 289 $5,053 | 209 $3,473 

Clays? : metric tons 10,704 810 26,186 2,143 57,264 5,457 

Gem stones NA 280 NA 280 NA 1,402 

Gold‘ kilograms 83,341 1,200,269 114,322 1,611,020 154,573 1,901,280 

. Perlite - short tons Ww Ww 5,000 142 5 136 

Sand and gravel: 

Construction thousand short tons “10,600 “30,700 15,729 50,928 “20,000 “70,000 

Industrial do. 578 WwW 602 WwW 718 WwW 

Silver* metric tons 379 85,429 608 127,760 625 110,442 

Stone (crushed) thousand short tons 31 264 35.700 € 31,300 € 35,700 1,560 4,638 

Combined value of cement (portland), clays 

[fuller’s earth (1987), kaolin], copper 

(1988), diatomite, fluorspar, gypsum, lead 
(1988), lime, lithium minerals, magnesite, 

mercury, molybdenum (1989), salt, stone 
(crushed dolomite), and values indicated by 
symbol W XX “128,063 XX “151,356 XX 222,240 

Total XX 1,456,029 XX 1,954,382 XX 2,319,068 

NEW HAMPSHIRE | 

Gem stones NA $310 NA $100 NA $51 

Sand and gravel (construction) 

thousand short tons “9,100 33,300 9,089 32,614 “6,000 | “20,400 

Stone: - 

Crushed do. 2,479 10,386 “2,400 “9,800 771 4,020 

Dimension short tons 67,479 10,684 “73,393 *10,546 ‘ $5,305 8,769 

Total® XX 54,680 XX 53,060 XX 33,240 

NEW JERSEY 

Clays? metric tons 5,430 $140 14,954 $368 18,492 $400 

Gem stones NA 3 NA 3 NA 3 

Peat thousand short tons 32 614 43 797 WwW 638 

Sand and gravel: 

Construction do. “15,200 “61,200 18,318 74,183 “15,200 “68,400 

Industrial do. 2,112 27,872 1,860 25,437 1,797 26,138 

Stone (crushed) do. 317,576 3111,951 © *19 300 © *123,500 20,799 140,998 

See footnotes at end of table. . 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION’ IN THE UNITED STATES, BY STATE | 

1987 1988 1989 
. V . . . 

weer Quantity (thousands) Quantity (thousands) Quantity (thousands) 
NEW JERSEY—Continued 

Zircon concentrates metric tons WwW WwW WwW WwW WwW $8,988 

Combined value of clays (common), marl | 

(greensand), stone (crushed limestone, : 

1987-88), and values indicated by symbol W XxX $12,444 XX $17,544 XX $3,318 

Total | XX 214,224 XX 241,832 XX 248,883 

NEW MEXICO 

Clays metric tons 46,491 $141 28,555 $83 31,012 $94 
Copper* do. 246,532 448,373 258,660 687,182 259,432 748,939 

Gem stones NA 200. NA 200 NA 279 

Gold‘ oO kilograms WwW Ww. WwW WwW 1,076 13,231 

| Perlite short tons 437,000 13,611 458,000 14,294 487 13,080 

Potassium salts thousand metric tons 1,323 174,200 1,271 213,800 1,365 242,619 

Pumice do. 79 991 76 852 | 77 795 
Sand and gravel (construction) 

thousand short tons “8,600 “31,000 8,787 31,367 “11,800 “45,400 

Stone: | a | | 

Crushed do. 4,503 15,919 “3,500 “13,900 2,784 11,672 

Dimension short tons 21,893 . 626 “21,893 “626 WwW WwW 

Combined value of cement, gypsum, helium | | 
(Grade-A), iron ore (includes byproduct 

material), lead, mica (scrap), molybdenum, | 

pyrites (1987), salt, silver, zinc (1989), and 

values indicated by symbol W XX 52,783 XX 60,368 XX 48,483 - 

Total XX 737,844 XX 1,022,672 XX 1,124,592 

| | NEW YORK | 
Cement: 

Masonry thousand short tons W WwW W WwW 138 $7,971 

Portland do. WwW WwW W Ww 2,654 134,032 

Clays metric tons 610,205 $3,562 551,375 $3,654 531,559 - 3,429 

Emery short tons 1,945 W W W — , — 

Gem stones NA 135 NA 200 NA 350 

Peat thousand short tons 1 34 WwW WwW WwW 10 

Salt do. 4,918 119,962 4,614 127,994 «5,424 161,427 

Sand and gravel: 

Construction do. °31,400 “112,900 33,884 124,341 “31,600 “118,500 
- Industrial do. 58 651 53 625 53 633 

Stone: 

Crushed do. | 38,103 188,694 39,900 “193,500 39,851 201,749 

Dimension short tons 38,553 5,822 °30,751 “4,333 23,756 3,575 | 

Combined value of garnet, gypsum, iron ore 
(includes byproduct material, 1988-89), 
lead, silver, talc and prophyllite, wollastonite, 

zinc, and values indicated by symbol W XX 218,620 XX 241,053 XX 113,492 

Total XX 650,380 XX 695,700 XX 745,168 

NORTH CAROLINA SS™~C—STCOTCOOTTTTTT 
Clays metric tons 2,929,351 $15,282 2,880,103 $16,349 2,270,384 $15,529 

Feldspar short tons 512,386 15,562 507,986 17,312 480,436 14,024 

Gem stones NA 550 NA 688 NA 784 

Mica (scrap) thousand metric tons 91 5,607 79 4,512 73 4,192 

Peat thousand short tons WwW WwW 21 WwW WwW W 

See footnotes at end of table. , 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

- 1987 . 1988 1989 

Mineral . V . Value . 

. Quantity thousands) Quantity (thousands) Quantity (thousands) 

NORTH CAROLINA—Continued 

Sand and gravel: 4 

Construction thousand short tons “8,600 “$30,100 11,076 $38,459 “11,200 “$43,700 

Industrial do. 1,184 15,329 1,246 15,953 1,627 19,902 

Stone: . | | | : | 

Crushed do. | 48,847 237,181 “50,500 “250,000 51,519 257,976 

Dimension short tons 32,669 5,128 | “31,977 “5,026 62,665 10,477 

Combined value of lithium minerals, olivine, 

phosphate rock, talc and pyrophyllite, and 
values indicated symbol W XX 152,178 XX 181,135 XX 214,984 

Total XX 476,917 XX 529,434 XX 581,568 

| NORTH DAKOTA 

Clays metric tons 45,451 $100 76,918 $147 47,903 Ww 
Gem stones NA 2 NA 2 NA | $10 

Lime thousand short tons 127 11,912 | 108 7,094 107 5,439 

Sand and gravel (construction) do. “4,900 “10,200 3,772 8,079 *3 600 °8,100 

Combined value of peat, salt (1987-88), sand | 

and gravel (industrial, 1987), stone 

(crushed miscellaneous, 1987-88) and value | 

indicated by symbol W XX 4,097 XX 3,485 XX 111 

Total XX 26,311 XX 18,807 XX 13,660 

OHIO | , 

Cement: 

Masonry thousand short tons 139 $11,964 129 $11,140 128 $11,233 

. Portland do. | 1,748 83,661 1,424 70,816 1,446 73,230 

Clays metric tons 2,891,446. 12,714 3,365,164 14,423 3,519,668 14,983 | 

Gem stones NA 10 NA 10 NA 18 
Lime thousand short tons 1,926 93,108 2,065 87,431 1,888 — 94,157 

Peat do. W WwW W W 8 182 
Salt do. 3,276 104,099 3,795 115,860 Ww WwW 

Sand and gravel: 

Construction do. “36,400 “136,900 46,104 156,318 “44,400 “148,700 
Industrial do. 1,249 21,292 1,361 23,441 1,394 24,662 

Stone: : 

Crushed do. 51,590 300,096 “48,000 “252,000 46,426 — 183,190 

Dimension short tons 47,816 2,427 “38,300 °3,137 59,923 3,455 

Combined value of other industrial minerals 
and values indicated by symbol W XX 2,510 XX 2,676 XX 145,346 

Total XX 768,781 XX 737,252 XX 699,156 

OKLAHOMA 

Cement: | 

Masonry thousand short tons 41 $2,436 WwW Ww Ww WwW 

Portland do. 1,415 | 54,870 1,432 $42,131 1,236 $39,360 

Clays metric tons 723,300 1,783 684,067 1,803 565,956 1,619 

Gem stones NA 8 NA 18 NA WwW 

Gypsum thousand short tons 1,828 13,336 2,173 13,393 2,523 14,369 

Iodine kilograms WwW WwW 1,015,210 WwW 1,505,714 23,947 

Sand and gravel: : 

Construction thousand short tons “10,500 “24,200 9,273 22,654 *g 500 “20,000 

Industrial do. 1,243 17,078 1,268 17,381 1,216 18,310 

See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

1987 1988 1989 

iner . Value . . 
“ner Quantity (thousands) Quantity (thousands) : Quantity (thousands) 

OKLAHOMA—Continued 
Stone: 

Crushed? thousand short tons 25,155 $83,732 “26,300 “$92,000 23,598 $81,969 
Dimension short tons 8,311 861 “7,746 “785 8,290 762 

Combined value of feldspar, lime, salt 

(1987-88), stone (crushed dolomite, 

(1987-88), crushed granite, 1989), tripoli, 
and values indicated by symbol W XX 24,915 XX 29,972 XX 18,695 | 

Total XX 223,219 XX 220,137 XX 219,031 
OREGON 

Clays metric tons 242,966 $986 225,001 $1,049 210,893 $875 
Gem stones NA 350 NA 894 NA 1,304 
Nickel (content of ores and concentrates 

short tons — — — . — 382 2,600 
Sand and gravel (construction) 

: thousand short tons “13,000 “42,200 14,880 52,657 “14,400 “49,700 
Stone (crushed) do. 20,663 73,902 “22,200 “77,600 318,407 381,204 
Talc and pyrophyllite short tons 150 14 WwW WwW 225 18 
Combined value of cement, diatomite, gold, 

lime, pumice, silver, stone (crushed 

dolomite and quartzite, 1989), value 
indicated by symbol W XX 43,544 XX 45,988 XX 49,854 

Total XX 160,996 XX 178,188 XX 185,555 
. PENNSYLVANIA . 

Cement: | 
Masonry thousand short tons 397 $30,464 391 $28,713 349 $26,473 
Portland | do. 6,325 334,709 6,309 329,634 5,757 301,980 

Clays? metric tons 1,094,176 4,751 1,248,139 5,843 1,049,973 — 4,936 
Gem stones NA 5 NA 5 NA 5 
Lime | thousand short tons 1,574 93,430 | 1,641 91,214 1,660 92,139 
Peat do. 18 513 21 736 20 746 
Sand and gravel (construction) do. “14,800 “72,900 19,826 91,966 “19,500 “94,600 
Stone: 

Crushed | do. 97,213 458,676 “104,600 “470,700 393,123 3455 ,004 
Dimension short tons 60,118 10,177 “59 022 “9 584 44,267 10,032 

Combined value of clays (kaolin), mica 

(scrap), sand and gravel (industrial), stone 

(crushed granite, 1989), tripoli (1987-88), 
and value indicated by symbol W XX 10,872 XX 14,098 XX 14,754 

Total XX 1,016,497 XX 1,042,493 XX 1,000,669 

RHODE ISLAND . 
Gem stones NA $1 - NA $1 NA $2 
Sand and gravel (construction) | 

thousand short tons “2,700 “10,900 1,853 7,847 1,100 3,900 
Stone (crushed) do. 1,228 7,797 “1,500 “9,400 111 208 7,170 

Total® XX 18,698 XX 17,248 XX 11,072 | — 
See footnotes at end of table. 
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TABLE 5—Continued | 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

| a 

1987 1988 | 1989 

| Mineral . Value . Value . Value 

| Quantity (thousands) Quantity (thousands) Quantity (thousands) 

SOUTH CAROLINA 

Cement (portland) thousand short tons 2,567 $117,878 2,533 $118,670 2,188 $99,083 

Clays metric tons 21,989,948 238,244 1,867,829 40,541 1,596,153 39,075 

Gem stones 7 NA 10 NA 10 NA | 10 

Sand and gravel: 

Construction thousand short tons “7,500 “19,500 7,529 20,751 “7,500 “23,300 

Industrial do. 844 15,188 859 15,271 | 842 16,635 

Stone: 

Crushed? do. 24,278 105,387 | “23,500 *105,800 24,429 111,656 

Dimension short tons 2,319 312 “353 “31 W W 

Combined value of cement (masonry), clays 
(fuller’s earth 1987), gold, manganiferous 
ore, mica (scrap), peat, silver, stone | 

(crushed shell), vermiculite, and value 

_indicated by symbol WO CK ___4 B08 _ XX _ 56,728 XX _ 135,538 
Total XX 341,325 XX 357,802 XX 425,297 

SOUTH DAKOTA 

Cement: 7 

Masonry thousand short tons 4 WwW 4 WwW W WwW 

Portland do. 519 WwW 490 Ww WwW | WwW 

Gem stones . NA $100 NA $100 NA | $150 

Gold* kilograms WwW WwW 13,981 197,026 16,123 198,318 

Lead* | metric tons — — — _ 4 3 

Sand and gravel (construction) 
thousand short tons “9 600 “19,100 7,929 18,681 “6,400 “20,800 

Silver+ metric tons W W 3 552 4 705 

Stone: 

Crushed thousand short tons 5,070 18,515 “5500 “20,600 3,833 14,303 

Dimension short tons 50,718 18,209 “43,297 “16,472 | 54,623 17,738 

Combined value of beryllium concentrates , . 

(1987), clays (common), feldspar, gypsum, 
iron ore (1988-89), lime, mica (scrap), and 

Total XX 262,892 XX 285,719 XX 284,358 

TENNESSEE | 

Clays? metric tons 1,143,846 $25,480 1,165,736 $27,696 1,137,152 $26,292 

Sand and gravel (construction) 

thousand short tons °7,900 “28,900 6,836 23,343 “6,100 “21,900 

Stone: | 

Crushed do. 51,406 227,263 “52,200 “235,000 52,917 252,785 

Dimension short tons 3,360 573 “3,942 °567 4,888 437 

Zinc‘ metric tons 115,699 106,926 119,954 159,201 WwW WwW 

Combined value of barite, cement, clays 

(bentonite 1988, common 1989, fuller’s 

earth), copper, gem stones, lead, lime, 

phosphate rock, pyrites, (1987), sand and 
gravel (industrial), silver, and value 

_indicated by symbol WO XX _ 138,670 _ XX __139,842 _ XX ——_336,993 
Total XX 527,812 XX 585,649 XX 638,407 

See footnotes at end of table. 
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: TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

1987 1988 1989 

i . Valu , . Value . 
weer Quantity (thousands) Quantity (thousands) Quantity (thousands) 

TEXAS 
Cement: 

Masonry thousand short tons 172 $11,283 136 $10,800 133 $10,735 
Portland do. 7,318 319,996 7,000 292,256 7,200 286,236 

. Clays? metric tons 3,007,706 14,825 2,714,451 17,468 2,276,629 | 15,962 
Gem stones NA 345 NA 340 NA WwW 
Gypsum thousand short tons 1,874 14,254 1,943 15,790 1,993 17,044 
Lime do. 1,140 59,027 1,192 55,935 1,304 60,829 
Salt do. 7,810 60,857 7,802 62,925 7,856 69,934 
Sand and gravel: 

Construction do. “48,200 “178,600 50,370 171,167 “43,900 *155,800 
Industrial do. 1,509 22,843 1,631 26,645 1,661 29,107 

Stone: 

Crushed do. 84,347 276,477 “82,000 °271,300 76,823 252,982 
Dimension short tons 75,426 10,030 “66,354 “8,310 81,268 12,449 

Sulfur (Frasch) thousand metric tons 2,152 W 2,622 WwW 2,446 WwW 
Talc and pyrophyllite short tons 255,039 4,380 260,950 — 4,466 266,513 4,564 
Combined value of clays [ball clay, fuller’s | 

earth (1987), kaolin], helium (crude and 
Grade-A), iron ore, magnesium 
compounds, magnesium metal, sodium | 
sulfate (natural), and values indicated by . 7 
symbol W XX 457,814 XX 531,416 XX 546,812 

Total XX 1,430,731 XX 1,468,818 XX 1,462,454 
UTAH > 

Beryllium concentrates metric tons 5,499 $6 5,308 $6 1,592 $5 
Cement (portland) thousand short tons 935 50,565 772 39,664 WwW WwW 
Clays metric tons 285,903 1,959 308,585 2,469 321,949 2,633 
Gem stones NA 105 NA 370 NA 659 : 
Lime thousand short tons 562 17,894 365 17,252 373 17,974 
Salt do. 1,108 34,264 1,006 35,294 1,183 40,421 
Sand and gravel: | | 

Construction do. “21,000 “56,700 17,843 49,796 “14,300 “41,500 
—— Industrial do. 6 11 3 60 3 60 

Stone: 

Crushed | do. 7,989 23,606 “7,300 “20,600 4,683 19,176 
Dimension short tons 2,004 93 “2,004 “93 — — 

Combined value of cement (masonry), 

copper, gold, gypsum, iron ore, 
magnesium compounds, magnesium metal, 
mercury, molybdenum, phosphate rock, 
potassium salts, silver, sodium sulfate 

(natural, 1988-89), vanadium, and value 
indicated by symbol W XX 514,661 XX 849,243 XX 1,168,022 

Total XX 699 ,864 XX 1,014,847 XX 1,290,450 
See footnotes at end of table. 
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TABLE 5—Continued 

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE 

ce 
1987 7 1988 1989 

Mineral | we Value , Value ; Value 

Quantity (thousands) Quantity (thousands) Quantity (thousands) 

| VERMONT | 

-Gem stones NA $10 NA $10 NA $10 

Sand and gravel (construction) . , | 

thousand short tons “4,700 “10,800 6,047 17,478 6,900 “20,400 

Stone: 

Crushed do. 32,159 320,400 © 2,000 © 718,000 3,119 28,110 

Dimension short tons 103,923 30,074 “105,000 *30,500 : 100,698 31,413 

Combined value of other industrial minerals XX 12,160 XX 10,957 XxX 8,969 

Total | XX 73,444 XX 76,945 XX 88,902 | 

VIRGINIA 

Clays? metric tons 1,065,437 $6,291 1,010,114 $6,614 1,001,394 $6,302 

Gem stones NA 20 NA 20 | NA 27 

Lime thousand short tons 699 29,435 741 33,875 821 38,353 

Sand and gravel (construction) 
do. “12,100. “43,400 12,551 42,573 “12,900 “49,700 

Stone: | | | 

Crushed | do. 60,376 295,903 “66,000 326,700 64,061 328,050 

Dimension short tons 9,077 2,720 £10,000 “2,900 Ww W 

Combined value of aplite, cement, clays 
(fuller’s earth), gypsum, iron oxide pigments | 

(crude), kyanite, sand and gravel (industrial), talc 

and pyrophyllite, vermiculite, and value 

indicated by symbol W XX 83,673 XX 81,830 XX 86,698 

Total XX 461,442 XX 494,512 XX 509,130 

WASHINGTON | 

Cement (portland) thousand short tons 1,282 $63,600 979 $48,233 WwW WwW : 

Clays metric tons 377,020 2,356 376,924 2,235 233,267 $1,591 2 

Gem stones NA 200 NA 200 NA 208 

Peat thousand short tons 7 191 3 142 WwW WwW 

Sand and gravel: 
Construction do. “25,300 °78,900 31,170 94,402 “37,800 “124,700 

Industrial . do. 294 5,186 W W W W 

Stone: 

Crushed do. 14,754 49,618 _ %13,900 “48,700 13,259 55,624 _ 

Dimension short tons 297 42 “697 “60 W WwW 

Combined value of calcium chloride (natural, 

1987-88), cement (masonry), copper 
(1987), diatomite, gold, gypsum, lime, 

magnesium metal, olivine, silver, and 

values indicated by symbol W XX 238,341 XX 265,362 XX 298,756 

Total XX 438,434 XX 459 ,334 XX 480,879 

WEST VIRGINIA 

Clays metric tons 241,345 $565 239,473 $586 251,385 $553 

Gem stones NA 1 NA 1 NA 1 

Sand and gravel (construction) 

thousand short tons “1,000 °3,200 1,653 6,099 *2,300 “6,700 

Stone (crushed) do. 12,458 50,947 “11,600 “47,600 310,904 342,538 

Combined value of cement, lime, peat 

(1987-88), salt, sand and gravel 

(industrial), and stone (crushed granite, 

1989) XX —_89,308 XX  —_—73, 169 _ XX _75,706 
Total XX 144,021 XX 127,455 XX 125,498 

See footnotes at end of table. 
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: a TABLE 5—Continued | 

NONFUEL MINERAL PRODUCTION’ IN THE UNITED STATES, BY STATE | . 

1987 1988 1989 

Mineral ; Value . Value . Value | 

Quantity (thousands) Quantity (thousands) Quantity (thousands) 

WISCONSIN 

Gem stones NA $15 NA $15 NA WwW 

Lime thousand short tons 393 21,733 452 | 23,986 437 $18,129 

Peat do. 9 237 11 270 13 309 

Sand and gravel: | 
Construction do. “23,900 “57,000 25,048 60,080 “21,700 “56,400 

Industrial do. 1,314 15,168 1,351 15,458 1,514 22,399 

Stone: | 

Crushed do. 322,757 371,776 ~ 398 500 * 398,300 26,520 83,664 

Dimension short tons 36,903 3,697 “49,900 “6,200 35,587 4,376 

Combined value of other industrial minerals 

and value indicated by by symbol W XX 16,846 XX 564 XX (°) 

Total XX 186,472 XX 204,873 XX 8185,277 

WYOMING 

Clays? metric tons 1,930,169 $62,031 2,138,796 $72,174 2,166,497 $74,697 

Gem stones NA 150 NA 150 NA 157 

Lime thousand short tons 29 1,560 26 1,640 W W 

Sand and gravel (construction) do. “2,600 £9 000 3,413 11,351 “4,500 “15,400 

Stone (crushed) do. 3,171 15,049 “2,500 “11,400 2,990 12,120 

Combined value of cement, clays (common), , 

: gypsum, helium (Grade-A), sodium 

: carbonate (natural), and value indicated by 

symbol W XX 557,265 7 XX 613,097 XX 724,987 

Total XX 645,055 XX 709,812 XX 827,361 

UNDISTRIBUTED 

Delaware, Hawaii, Hew Hampshire, Rhode 

Island, Wisconsin and Undistributed XX $6,553 XX $7,812 XX $9,043 - 

“Estimated. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data, value included with ‘‘Combined value’ figure. XX Not applicable. . 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

2Excludes certain clays; kind and value included with ‘‘Combined value’’ figure. 

3Exciudes certain stones; kind and value included with ‘‘Combined value’’ figure. 

‘Recoverable content of ores, etc. 

5Less than 1/2 unit. 

6Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles. 

*Beginning with 1989 data reported in BO, 1987-88 data converted. 

Partial total, excludes values that must be cortcealed to avoid disclosing company proprietary data. Values excluded from partial total included with ‘‘Undistributed States.”’ 

*Value excluded to avoid disclosing company proprietary data. 

10Excludes salt in brines; value included with ‘Combined value’’ figure. 

' "Excludes traprock. 
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TABLE 6 

NONFUEL MINERAL PRODUCTION! IN THE ISLANDS ADMINISTERED BY THE UNITED STATES 

1987 1988 1989 
| . . . Value ; 

“mers Quantity (thousands) Quantity (thousands) Quantity (thousands) 
American Samoa: Stone (crushed) 

thousand short tons Ww WwW — — 48 $476 

do. 354 $2,289 — — 1,063 11,133 

Virgin Islands: Stone (crushed) 

do. 345 2,741 — — 312 3,159 

Total XX 5,030 XX — XX 14,768 | 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

TABLE 7 | 

NONFUEL MINERAL’ PRODUCTION IN THE COMMONWEALTH OF PUERTO RICO 

s7si(‘éOSOSOC;*‘*édBBOO!!!!!!!!C«R 

“ners Quantity (thousands) Quantity (thousands) Quantity (thousands) 
Cement (portland) thousand short tons 1,296 $106,185 1,397 $113,966 1,374 $112,318 

Clays metric tons 134,290 318 148,218 365 136,873 311 

. Lime thousand short tons 25 3,558 25 3,802 26 3,800 

Salt do. 40 900 40 900 — — 

Sand and gravel (industrial) do. 67 | WwW 31 624 30 600 | 

Stone (crushed) do. 8,480 41,299 “9,350 “47,400 8,389 46,648 | 

Total? XX ~ 152,260 XX 167,057 XX 163,677 

. “Estimated. W Withheld to avoid disclosing company proprietary data; not included in ‘‘Total.’” XX Not applicable. 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). . 

?Total does not include value of item withheld. 

| : TABLE 8 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

| EXCLUDING MINERAL FUELS 

1989 

Mineral . Value 

Quantity (thousands) 

METALS 

Aluminum: 

Metals and alloys, crude metric tons 593,048 $1,260,638 . | 

Scrap , do. 574,170 767,573 

Plates, sheets, bars, etc. do. 425,609 1,250,090 

Castings and forgings do. 20,480 128,975 

Aluminum sulfate do. 941 1,208 

Other aluminum compounds (fluorides and chlorides) 

do. 34,317 23,997 : | 

Antimony: 

Metal, alloys, crude, waste and scrap do. 293 694 

Oxide do. 2,229 6,106 

Bauxite (dried and calcined) thousand metric tons 44 9,830 

Beryllium, alloys, waste and scrap kilograms 34,261 3,847 

Bismuth metal, alloys, waste, and scrap do. 122,171 540 

Cadmium metal, alloys, dross, flue dust, etc. metric tons 369 857 . 
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TABLE 8—Continued 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, | 
EXCLUDING MINERAL FUELS | | 

1989 : 
Mineral . Value ! 

Quantity (thousands) | 

METALS—Continued | 

Chromium (gross weight): 

Chromite ore and concentrate metric tons 40,445 $5,014 | 
Metal and alloys: 

Chromium metal do. 196 4,097 

Chromium ferroalloys | do. 9,464 11,037 

Chemicals do. 23,303 23,626 | 
Pigments do. 2,264 7,654 

Cobalt: 

Metal (unwrought cobalt, powders, matte, waste 
and scrap) (estimated cobalt content) do. 355 9,452 ; ) 

Oxides and hydroxides (est. cobalt content) do. 434 6,073 | 
Salts and compounds (est. cobalt content) do. 101 1,724 | 
Wrought cobalt and cobalt articles (gross weight) do. 171 7,033 | 

| Cobalt ores and concentrates (gross weight) do. 28 253 

Copper: 
| 

Ore and concentrate (copper content) do. 266,831 539,325 | 
Scrap (unalloyed scrap only) do. 154,935 244,195 : 
Refined copper do. 130,189 303,013 | 
Semimanufactures, copper and copper alloy do. 179,028 807,257 | 
Matte and blister (includes precipitates, ash, and residues) | 

do. 14,949 35,365 

Ferroalloys not elsewhere listed: 

Ferrophosphorous short tons 24,898 ~ 3,511 

Ferroalloys, n.e.c. do. 6,642 9,068 

Gold: 

Ores and concentrates kilograms 16 165 

Wastes and scrap do. 44,541 $42,150 

Dore and precipitates do. 42,935 242,690 | 
Bullion, refined do. 123,599 1,490,151 

Iron ore (gross weight): 

Nonagglomerated: 

Concentrates thousand metric tons 353 13,887 | 
Coarse ores do. — — | 
Fine ores do. 145 559 | 

Agglomerated: . | 
Pellets do. 4,852 177,980 | 
Sinter, briquettes, and miscellaneous agglomerates do. 14 139 

Roasted pyrites do. 1 117 

Iron chemicals (gross weight): | 
Chlorides metric tons 172 202 

Sulfates do. — — : 
Iron and steel: 

: 
Pig iron short tons . 11,747 1,334 

See footnote at end of table. 
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TABLE 8—Continued 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

EXCLUDING MINERAL FUELS | 

ce 
1989 | 

iner: . Value 

ae Quantity (thousands) 

METALS—Continued 

Iron and steel products (major): . 

Steel mill products | _ Short tons | NA NA 

Other steel products do. NA NA 

Iron and steel scrap: Ferrous scrap including rerolling material 
and ships, boats, and other vessels for scrapping 

thousand short tons 12,476 $1,776,738 

Lead: 

Ore and concentrate (lead content) metric tons 57,038 23,516 

Pigs, bars, cathodes, sheets, etc. (lead content) do. 33,877 44 204 

Scrap (gross weight) do. 59,909 26,165 

Magnesium, metal and alloys, scrap, semimanufactured 

_ forms, n.e.c. (gross weight) do. 56,631 170,374 

Manganese: , 

Ore and concentrate short tons 57,191 5,014 

Ferromanganese . do. 9,014 7,310 

Silicomanganese do. 5,858 4,068 

Metal do. 5,667 10,632 

Mercury: metal metric tons 221 1,874 

Molybdenum: 

Ore and concentrate (molybdenum content) thousand pounds 112,946 283,371 . 

Molybdates (gross weight) do. 3,067 16,947 

Molybdenum, unwrought (gross weight) do. 558 3,216 

Molybdenum, wrought (gross weight) do. 743 8,219 

Wire (gross weight) do. 751 10,868 

Powder (gross weight) . do. 1,399 3,846 

Ferromolybdenum (gross weight) do. 165 615 

Nickel: 

Primary (unwrought commercially pure, cathodes, ferronickel, 

pellets, briquettes, shot, powder and flakes) short tons 2,327 XX 

Wrought (bars, rods, angles, shapes, sections, plates, sheets, strip; 

tubes, pipes, blanks, fittings, hollow bar; wire) 

Stainless steel scrap (nickel content) do. 21,871 XX 

Compound catalysts and waste and scrap do. 6,736 34,875 

Platinum-group metals: 

Platinum kilograms 8,414 135,469 

Palladium do. 13,005 72,849 

Rhodium do. 1,156 28,519 

Iridium, ruthenium, and osmium do. 507 4,232 

Waste and scrap do. 15,046 157,040 

Rare-earth metals: 

Rare-earth metals, including scandium and yttrium do. 424,837 4,801 

Ores and concentrates metric tons 776 560 

Cerium compounds kilograms 1,432,672 7,026 

Selenium do. 372,126 3,429 

Silicon: 

Silicon metal short tons 5,561 84,074 

Ferrosilicon do. 54,056 40,842 

See footnotes at end of table. 
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. | TABLE 8—Continued | 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, | 

EXCLUDING MINERAL FUELS 

| | 1989 
Miner: . Value 

" - Quantity (thousands) 

METALS—Continued 

Silver: 

Ores and concentrates kilograms 607 $166 

Waste and scrap do. 770,788 145,340 

Dore and precipitates do. 78,664 15,478 

Bullion, refined do. 430,110 77,812 

Tantalum: 

Ore, metal, other forms (gross weight) thousand pounds 366 $26,315 

Powder (tantalum content) do. 211 21,451 

Tin: 

Ingots, pigs, bars, etc. metric tons 904 8,915 

Tinplate and terneplate do. 178,884 101,279 

Titanium: 

Ore and concentrates do. 19,832 5,900 

Sponge do. 136 910 

Scrap do. 5,474 22,909 

Ingot, slab, sheet bar, etc. do. 3,875 63,772 

Other articles of titanium do. 3,857 110,511 

Pigments and oxides do. 212,197 437,645 

Tungsten (tungsten content): 

Ore and concentrate do. 203 1,539 

Carbide powder do. 1,360 27,209 | 

Metal powder do. 762 15,554 

Vanadium: 

Pentoxide, anhydride (gross weight) thousand pounds 8,248 35,204 

Ferrovanadium (gross weight) do. 1,087 5,299 

Zinc: 

Slabs, pigs, or blocks metric tons 7,955 14,433 

Waste and scrap (zinc content) do. 108,086 75,947 

Powders and flakes (zinc content) do. 8,137 13,861 

Ore and concentrate (zinc content) do. 78,877 64,224 

Zirconium: 

Ore and concentrates do. 48,176 33,159 

Metal and scrap do. 242 5,997 

INDUSTRIAL MINERALS 

Abrasives (includes reexports): 

Industrial diamond, natural or synthetic: 

Powder or dust thousand carats 78,235 124,180 

Other do. 2,755 33,248 

Diamond grinding wheels thousand wheels 761 9,896 

Other natural and artificial metallic abrasives and products XX 126,810 

Asbestos: 

Exports (includes reexports): 

Unmanufactured metric tons 27,004 7,690 

Products NA 153,081 

Barite: Natural barium sulfate metric tons 9,709 1,622 

Boron: 

Boric acid thousand metric tons 42 32,613 

Sodium borates do. 646 $361,000 

See footnotes at endoftable. . 
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TABLE 8—Continued — | : 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

| EXCLUDING MINERAL FUELS 

| 1989 | 
Miner . Value 

. Quantity (thousands) 

INDUSTRIAL MINERALS—Continued 

Bromine: 

Compounds (contained bromine) thousand kilograms 28,998 $24,093 

Elemental . do. 3,557 3,165 

Calcium chloride metric tons 20,316 5,695 

Cement: Hydraulic and clinker thousand short tons 312 | 25,561 | 

Clays: 

Kaolin and china clay thousand metric tons 2,337 370,919 

Bentonite do. 671 52,946 

Other do. 748 126,478 

Diatomite | do. 137 41,290 

Feldspar, leucite, nepheline syenite short tons 10,283 829 

Fluorspar | metric tons 5,134 694 

Gem stones (including reexports): | 

Diamonds thousand carats 1,050 1,243,700 . 

Pearls NA 7,300 

Other NA 222,200 

Graphite, natural metric tons 11,452 7,421 

Gypsum: 

Crude thousand short tons 108 2,286 

Plasters do. 106 15,914 

Boards do. 97 25,140 

Other do. NA 16,972 

Helium million cubic feet 796 33,830 

Lime short tons 32,241 3,893 

Lithium compounds: 

Lithium carbonate kilograms 9,045,732 28,214 

Lithium hydroxide do. 4,691,991 17,914 

Lithium metal do. 537,557 NA 

Magnesium compounds: 

Caustic-calcined and unspecified magnesia metric tons 20,218 11,476 

Compounds, includes magnesium hydroxide, magnesium 

peroxide, magnesium chloride, and magnesium sulfate 

do. 14,851 6,100 

Crude magnesite do. 10,380 8,299 | 

Refractory and fused magnesia do. 22,525 10,685 

Mica: 

Powder do. 3,628 1,634 

Waste do. 1,224 555 

Unworked do. 60 156 

Worked do. 415 7,227 

Mineral-earth pigments, iron oxide, natuural, and synthetic 
do. 9,966 15,700 

Nitrogen compounds (major): 

Fertilizer materials thousand short tons 13,569 NA 

Industrial chemicals do. 192 150,813 

Phosphate rock (ground and unground) thousand metric tons 8,323 288,990 

See foomote atend oftable. 
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TABLE 8—Continued | 

U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

EXCLUDING MINERAL FUELS | 

1989 

Mineral . Value : 

. Quantity (thousands) | 

INDUSTRIAL MINERALS—Continued 

Phosphatic fertilizers: 

Phosphoric acid thousand metric tons 703 $124,074 

Superphosphates do. : ~ 5334 151,861 

Diammonium and monoammonium phosphates 
do. 9,102 1,608,264 

Elemental phosphorous metric tons 19,934 28,294 

Pigments and compounds: Zinc oxide (metal content) 
| do. 13,989 19,946 . 

Potash: : 

Potassium chloride metric tons 496,575 NA 

Potassium sulfate, all grades do. 448,880 NA 

Quartz crystal: | | 

Cultured thousand kilograms 57 2,600 

Natural do. NA NA 

Salt, crude and refined thousand short tons 1,567 20,211 

Sand and gravel: . 

Construction: 

Sand do. 273 5,888 

Gravel do. 852 7,703 

Industrial sand do. 2,060 78,308 

Sodium compounds: | 

Soda ash do. 2,919 365,469 

Sodium sulfate do. 68 6,241 

Stone: 

Crushed do. 3,900 23,345 

Dimension NA | 34,610 

Sulfur, elemental thousand metric tons 1,024 107,126 

Talc, crude and ground | do. 319 28,949 

Total XX 18,496,017 

NA Not availablé. XX Not applicable. , 

TABLE 9 

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND 

PRODUCTS, EXCLUDING MINERAL FUELS 

1989 

Mineral Quantity Value . 

(thousands) | 

METALS 

Aluminum: 

Metals and alloys, crude metric tons 923,030 $1,898,132 

Scrap do. 206,610 309,122 

Plates, sheets, bars, etc. do. 340,384 950,916 

Aluminium oxide (alumina) thousand metric tons 4,311 1,228,123 

Antimony: 

Ore and concentrate (antimony content) metric tons 4,550 8,462 
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TABLE 9—Continued 

U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND 

| PRODUCTS, EXCLUDING MINERAL FUELS 

| 1989 

mens Quantity (thousands) 
. METALS—Continued 

Antimony—Continued 

Antimony and articles thereof, including waste and scrap 
metric tons 10,621 $21,143 

Antimony oxides do. 12,041 19,770 

Arsenic: 

Arsenic trioxide do. 28,348 13,526 

Acid. do. 48 67 

Sulfides do. 2 19 

Metallic . do. 928 2,150 

Bauxite, crude — thousand metric tons 10,666 NA 

Beryllium ore metric tons 601 $655 

Bismuth, metals and alloys (gross weight) kilograms 1,880,321 21,586 

Cadmium metal metric tons 2,787 30,161 

Chromium (gross weight): | 

Chromite ore and concentrate do. 525,044 43,949 

Metals and alloys: 

Chromium metal do. 4,202 27,590 

Chromium ferroalloys do. 343,732 330,427 

Chemicals do. 12,895 23,677 

Pigments do. 5,963 13,355 

Cobalt: 

Metal (estimated cobalt content) do. 5,444 91,960 

Oxide and hydroxides (estimated cobalt content) do. 273 6,598 

| Salts and compounds (estimated cobalt content) do. 75 : 1,426 

Unwrought cobalt alloys (gross weight) do. 90 3,301 

Other cobalt: Matte, waste, and scrap (gross weight) do. | 364 5,054 

Wrought cobalt and cobalt articles (gross weight) do. 84 3,627 

Columbium ore (gross weight) thousand pounds 4,891 7,649 

Copper (copper content): 

Ore and concentrate metric tons 46,515 50,744 

Matte do. 2,252 5,232 

Blister do. 77,217 236,129 

Refined copper do. 300,110 846,609 

Semimanufactures, copper and copper alloy do. 100,254 398,605 

Scrap do. 31,578 87,253 

Ferroalloys not elsewhere listed, including spiegeleisen 
short tons 2,578 7,737 

Gallium kilograms 15,284 5,665 

Germanium do. 40,105 23,789 

Gold: 

‘Ore and concentrates do. 2,426 7,103 

Wastes and scrap do. 39,952 115,685 

Dore and precipitates do. 13,159 157,952 

Bullion, refined do. 96,967 1,198,734 

Hafnium: Waste and scrap metric tons 4 976 

See footnote at end of table. 
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TABLE 9—Continued 

U.S. IMPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

EXCLUDING MINERAL FUELS 

1989 

Mineral . Value 

Quantity (thousands) | 

METALS—Continued | 

Indium kilograms 26,813 $8,944 

Iron ore (gross weight): | 

Nonagglomerated: 

Concentrates thousand metric tons 371 7,760 | 

Coarse ores do. 662 15,566 

Fine ores do. 11,629 297,913 

Agglomerated: 

Pellets do. 5,628 175,728 

Sinter, briquettes, and miscellaneous agglomerates do. 1,186 23,251 

Roasted iron pyrites do. 121 2,045 

Iron chemicals (gross weight): 

Chlorides metric tons 1,116 494 

Sulfates do. 7,554 1,429 

Iron and steel: | 

Direct reduced iron short tons 188,038 22,621 

Pig iron do. 488,175 73,184 

Iron and steel products (major): | 

Steel mill products thousands 17,333 7,590,841 

Other products do. 2,378 2,884,328 

Scrap, including tinplate and terneplate thousand short tons 1,120 149,109 

Lead: 

Ore and concentrates (lead content) metric tons 5,122 1,975 

Base bullion (lead content) . do. 5,782 4,538 

Pigs and bars (lead content) do. 115,681 79,863 

Reclaimed scrap, including ash and residues (lead content) 
eC 677 286 

Wrought lead, all forms, including wire and powders 

__ (gross weight) 6,068 9,076 
Magnesium: 
_Metaland scrap. ———is—‘“‘é‘é 7,652 20,229 

_Alloys (magnesium content) 00 3,829 14,702 
Sheets, tubing, ribbons, wire, other forms (magnesium content) 

a ' 808 2,928 

Manganeses 
__Ore (20% or more contained manganese) dO. 638,524 43,794 

Ferromanganese do. 476,063 246,540 

Ferrosilicon-manganese do. 255,391 151,241 

Metal do. 16,147 22,283 

Mercury: Metal, waste and scrap do. 131 1,247 

Molybdenum: 

Ore and concentrate (molybdenum content) 

thousand pounds — — 

Waste and scrap (gross weight) do. 386 1,701 

Metal: 

Unwrought (molybdenum content) do. 102 2,391 | 

Wrought (gross weight) do. 111 3,311 

Ferromolybdenum (gross weight) do. 3,108 9,062 
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| TABLE 9—Continued | 

U.S. IMPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

EXCLUDING MINERAL FUELS 

1989 | 

| Miner. . Value 

ms Quantity (thousands) 

METALS—Continued 

Material in chief value molybdenum (molybdenum content) 

thousand pounds 524 $1,791 

Compounds (gross weight) ° do. 4,976 12,106 

Nickel: 

Cathodes, pellets, briquets, and shot short tons 100,448 114,861 

| Plates, bars, etc. do. 911 16,511 

Powder and flakes do. 11,572 127,118 

Ferronickel do. 12,650 117,630 

Oxide do. 5,550 3,052 

Platinum-group metals: 

Platinum kilograms 49,238 801,728 

Palladium | do. 51,135 263,790 

Rhodium do. 7,105 270,466 

Ruthenium do. 2,883 7,512 

Iridium do. | 688 6,565 

Osmium do. 58 605 

Waste and scrap do. 2,159 30,944 

Ores do. 12 83 | 

Rare-earth metals: 

Monazite metric tons 974 674 

Metals, intermixed or interalloyed kilograms 294 ,236 4,181 

Cerium compounds do. 250,806 1,940 

Rare-earth oxides, except cerium oxide do. 501,898 6,986 

Other rare-earth compounds or mixtures do. 1,402,448 8,086 

Other rare-earth oxides or other rare-earth chlorides do. 7,390,689 30,709 

Ferrocerium and other pyrophoric alloys do. 244,271 1,690 

Rhenium: | | 

Metal including scrap pounds 8,345 4,197 

Ammonium perrhenate (rhenium content) do. 2,089 949 

Selenium and selenium dioxide (selenium content) kilograms 417,095 8,934 

_ | Silicon: 

Silicon metal short tons 47,615 80,388 

Ferrosilicon do. 196,096 131,631 

Silver: 

Ore and concentrates kilograms 7,013 2,301 

Waste and scrap do. 90,753 96,254 

Dore and precipitates do. 142,739 - 27,943 

Bullion,refined do. 3,061,548 578,781 

Tantalum ore (gross weight) thousand pounds 3,850 52,762 

Tellurium (gross weight) kilograms 42,871 3,249 

Thallium do. 1,173 123 

Tin: 

Tin ores and concentrates, containing by weight less than 5% 
lead (tin content) metric tons 216 1,938 

Metal do. 33,988 288,118 
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TABLE 9—Continued | 

U.S. IMPORTS OF PRINCIPAL MINERALS AND PRODUCTS, | 

EXCLUDING MINERAL FUELS 

1989 

Mineral Quantity Value 

(thousands) 

METALS—Continued 

Dross, skimmings, scrap,residues, tin alloys, n.s.p.f. 
metric tons 10,270 $34,695 

Tinfoil, powder, flitters, etc. do. XX 4,570 

Tin compounds do. 314 2,720 

Titanium: 

Ilmenite! do. 797,897 110,611 

Rutile, natural and synthetic do. 264,895 119,928 

Sponge do. 903 8,181 

Scrap do. 5,308 41,898 

Other unwrought do. 309 8,336 

Other articles of titanium do. 1,250 34,085 

Pigments do. 166,346 277,140 

Tungsten ore and concentrate (tungsten content) do. 7,896. 45,077 

Vanadium: 

Ferrovanadium (vanadium content) thousand pounds 1,073 13,493 

Pentoxide (vanadium content) do. 203 1,911 . 

Vanadium-bearing materials (slags and dross) (pentoxide 
content) do. 8,979 18,762 

Vanadim-bearing ash and residues (pentoxide content) do. 3,157 5,035 

Zinc: 

Ore and concentrates (zinc content) metric tons 40,974 23,047 

Blocks, pigs, slabs do. 711,554 1,183,523 

Sheets, etc. do. 3,066 5,436 

Dross, ashes, and fume (zinc content) do. 9,031 7,856 

Waste and scrap do. 9,367 6,674 

Dust, powder, flakes do. 7,253 15,123 

Zirconium: 

Ore and concentrates do. 73,196 33,958 

Metal, and scrap do. 268 2,110 

INDUSTRIAL MINERALS 

Abrasives: 

Diamond (industrial) thousand carats 70,343 105,295 

Other xX 315,689 

Asbestos metric tons 55,306 14,031 

Barite: 

Crude and ground thousand metric tons 1,034 . 44,679 

Witherite metric tons 76 30 

Chemicals do. 32,637 24,041 

Boron (contained boric oxide): 

Boric acid thousand metric tons 3 2,197 

Colemanite do. 15 4,202 

Ulexite do. 27 1,552 

Bromine: 

Elemental thousand kilograms 460 293 

Compounds do. 30,524 55,602 

Calcium metal kilograms 679,603 3,210 

See footnote at end of table. 
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. TABLE 9—Continued 

‘ U.S. IMPORTS OF PRINCIPAL MINERALS AND PRODUCTS, 

~ EXCLUDING MINERAL FUELS 

1989 

Mineral ; Value 

Quantity (thousands) 

INDUSTRIAL MINERALS—Continued 

Calcium chloride: 

Crude metric tons 119,296 $20,856 

Other do. 279 587 

Cement: Hydraulic and clinker thousand short tons 15,741 489,523 

Clays metric tons 27,794 10,928 

Cryolite, natural and synthetic do. 8,429 7,647 

Diatomite thousand short tons 187 41,290 

Feldspar, crude, ground and crushed metric tons 334,000 12,273 

Fluorspar do. 655,590 79,875 

Hydrofluoric acid do. 114,676 117,920 

Gem stones: 

Diamond thousand carats 10,689 4,358,147 

Emeralds do. 3,402 207,546 

Rubies and sapphires do. 6,666 183,344 

. Pearls (natural, cultured, and imitation) do. NA 154,173 

Other NA 211,339 

Graphite, natural and synthetic metric tons 99,374 83,218 

Gypsum: 

Crude thousand short tons 9,304 59,107 

Plasters do. 3 7 270 

Boards do. 355 29,355 

Other do. NA 22,280 

Iodine (includes crude, potassium iodide, and resublimed iodine) 

thousand kilograms 3,326 58,980 

Lime: 

Hydrated short tons 36,952 2,219 

Other lime do. 180,704 9,749 

Lithium: 

Carbonate metric tons 3,326 6,629 | 

Hydroxide do. 23 164 

Ores | do. 31,660 3,049 

Compounds do. 7,191 7,108 

Salt do. 14 14 

Metal do. 15 31 

Magnesium compounds: 

Caustic-calcined and unspecified magnesia do. 81,458 22,851 

Compounds, includes magnesium hydroxide, magnesium 

peroxide, magnesium chloride, and magnesium sulfate do. 29,002 6,942 

Crude magnesite do. 8,372 1,354 

Refractory and fused magnesia do. 202,790 38,555 

Mica: 

Powder do. 8,902 4,971 

Waste do. 4,185 1,259 

Unworked do. 1,616 2,054 

Worked do. 1,129 6,711 

Mineral-earth pigments, iron oxide: 

Natural earth colors, crude and refined do. 2,135 999 

See footnote at end of table. 
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TABLE 9—Continued 

U.S. IMPORTS OF PRINCIPAL MINERALS AND PRODUCTS, | 

EXCLUDING MINERAL FUELS | 

1989 

| Mine , Value 

= Quantity (thousands) 

INDUSTRIAL MINERALS—Continued 

Mineral-earth pigments, iron oxide—Continued 

Natural micaceous, crude and refined metric tons 2,826 $355 

Synthetic . do. 31,708 29,186 

Nepheline syenite, crude, ground, crushed, etc. 
short tons — — 

Nitrogen compounds (major): 

Fertilizer materials . thousand short tons 8,325 920,785 

Industrial chemicals do. 138 108,392 

Peat moss (poultry and fertilizer grade) short tons 529,706 69,931 

Phosphate rock and phosphatic materials thousand metric tons 814 80,284 

Pigments and salts: 

Lead pigments and compounds metric tons 20,770 27,030 | 

Zinc pigments and compounds do. 71,825 105,089 

Potash (includes potassium chloride, postassium sulfate, 
potassium nitrate, and sodium nitrate) do. 5,618,300 501,300 | 

Pumice: 

Crude or crushed do. 273,464 12,483 

Wholly or partially manufactured do. 23,691 3,649 

Salt thousand short tons 6,084 74,474 

Sand and gravel: 

Industrial sand do. 35 2,057 

Other sand and gravel do. 427 6,618 | 

Sodium compounds: 

| Soda ash do. 141,967 17,396 

Sodium sulfate do. 190 13,900 

Stone: 

Crushed do. ~ 4,352 35,631 

Dimension NA 525,052 

Calcium carbonate fines thousand short tons 4 1,234 

Strontium: 

Celestite (strontium sulfate) metric tons 25,640 1,956 

Compounds and metal do. 19,129 11,072 " 

Sulfur, crude, other, colloidal-precipitated or sublimed 
thousand metric tons 2,260 209,465 

Talc, unmanufactured thousand short tons 77,716 12,128 

Total? XX 34,787,000 

NA Not available. XX Not applicable. 

‘Includes titanium slag averaging about 70% TiO,. For details, see ‘“Titanium’’ chapter. 

2Data may not add to totals shown because of independent rounding. 
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TABLE 10 

COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES 

1988 | 1989? 

Mineral World U.S. U.S. percent World US. U.S. percent 
. ; of world . ; of world 

production! production production production! _ production production | 

METALS, MINE BASIS 

Antimony? metric tons 67,992 W NA 68,362 W NA 

Arsenic trioxide? do. 52,047 — — §2,390 — — 

Bauxite* thousand metric tons 97,946 588 1 105,029 W NA 

Beryllium concentrates (gross weight) — metric tons 8,302 535,313 64 7,586 34,592 61 

Bismuth do. 3,567 WwW NA 3,595 WwW NA 

Chromite thousand metric tons 12,167 — — 11,901 — — 

Cobalt? metric tons 47,205 — — 47,360 — — 

Columbium-tantalum concentrates (gross weight) 

_ thousand pounds 88,641 — — 73,306 — — 

Copper? thousand metric tons 8,536 1,420 17 8,887 1,497 17 

Gold? kilograms 1,847,840 200,914 11 1,971,004 265,541 13 

Iron ore (gross weight) thousand metric tons 906,293 57,515 6 923 ,632 59,032 6 

Lead? do. 3,414 394 12 3,395 419 12 

Manganese ore (gross weight) thousand short tons 26,300 — — 26,483 — — 

Mercury metric tons 5,890 W NA 5,840 W NA 

Molybdenum? thousand pounds 208,209 94,911 46 256,658 139,123 54 

Nickel? thousand short tons 961 — — 1,027 — — 

Platinum-group metals? kilograms 281,854 “4,970 2 283,643 “6,280 2 

Silver? metric tons 14,167 1,661 12 14,452 2,007 14 

Tin? | do. 200,150 WwW NA 216,457 W NA 
Titanium concentrates (gross weight): 

Iimenite thousand metric tons 4,002 W NA 4,213 W NA 

Rutile | do. 434 WwW NA 476 WwW NA 

Tungsten? metric tons 42,604 W NA 43,280 WwW NA 

Vanadium? short tons 33,660 W NA 33,800 WwW NA 

Zinc? thousand metric tons 7,015 256 4 7,062 288 4 

METALS, SMELTER BASIS 

Aluminum (primary) do. 17,608 3,944 22 17,980 4,030 22 

Cadmium metric tons 21,899 — 1,885 9 21,002 1,550 7 

Cobalt do. 27,166 — — 26,319 — — 

Copper (primary and secondary)® thousand metric tons 9,285 1,363 15 9,535 1,480 16 

Iron, pig thousand short tons 606,030 55,745 9 617,300 55,873 9 

Lead (primary and secondary)’ thousand metric tons 5,810 1,129 19 5,866 1,205 21 

Magnesium (primary) metric tons 334,372 141,983 42 343,548 152,066 44 

Nickel? short tons 947,662 — — 952,834 382 (?) 

Selenium!® kilograms 1,540,381 285,600 19 1,553,285 253,427 — 16 

Steel, raw thousand short tons 857,941 99,924 12 863,064 97,943 11 

Tellurium! kilograms 78,259 W NA 65,031 W NA 

Tin (primary and secondary) metric tons 234,624 112.045 1 241,828 111 569 1 

Zinc (primary and secondary) thousand metric tons 7,115 330 5 7,186 358 5 

INDUSTRIAL MINERALS 

Asbestos do. 4,323 18 (8) 4,325 17 (8) 

Barite do. 5,481 12404 7 5,712 12290 5 

Boron minerals do. 2,880 1,149 40 2,989 1,114 37 

Bromine kilograms 408 ,792 12163,300 40 422,900 12174,600 4] 

Cement, hydraulic thousand short tons 1,215,498 1378 252 6 1,235,613 1378 559 6 

See footnotes at end of table. 
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TABLE 10—Continued 

COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED NONFUEL MINERAL COMMODITIES _ 

SO eee 

: 1988 1989P 

| Mineral World U.S. U.S. percent Wort U.S. U.S. percent 
production! production of worl d production! production of world 

production production ooo eee 
INDUSTRIAL MINERALS—Continued 

Clays: 

Bentonite? thousand metric tons 9,586 122 871 30 9,794 123,112 32 
Fuller’s earth!® do. 3,178 121 973 62 3,079 121 882 61 
Kaolin? do. 24,818 128 973 36 25,669 128,974 35 

Diamond, natural thousand carats 93,346 — — 94,837 : — — 
Diatomite thousand metric tons 1,872 629 34 1,838 617 34 
Feldspar thousand short tons 5,150 715 14 5,155 720 14 
Fluorspar thousand metric tons 5,292 “64 1 5,731 “66 1 
Graphite, natural metric tons 643 ,938 W NA 631,213 W NA 
Gypsum thousand short tons 105,776 16,390 15 108,624 17,624 16 
Iodine, crude metric tons 14,994 998 7 15,622 1,508 10° 
Lime thousand short tons 146,308 12 1317,077 12 149,184 12 1317,178 12 
Magnesite, crude thousand metric tons 11,936 W NA 12,003 W NA 
Mica (including scrap and ground) metric tons 274,585 129,900 47 265,387 119,142 45 
Nitrogen (N content of ammonia) thousand short tons 108,448 13,827 13 109,720 13,830 13 
Peat | do. —s-_- 214, 864 844 (°) 213,931 755 (8) 
Perlite do. 2,062 12576 - 28 2,109 12601 28 
Phosphate rock (gross weight) thousand metric tons 160,375 45,389 28 162,268 48 ,866 30 
Potash (K,O equivalent) do. 32,108 1,521 5 29,789 1,595 5 
Pumice!° do. 12,636 12353 3 12,312 © 17424 3 
Salt thousand short tons 202,785 12 

1338 368 19 209,988 12 1338901 19 

Sodium compounds, n.e.s. (natural and manufactured): 

Soda ash do. 34,234 9,632 28 34,910 9,915 28 
Sulfate do. 5,182 788 15 5,217 777 15 

Strontium!° metric tons 231,013 — — 244,300 — — 
Sulfur, all forms thousand metric tons 58,096 10,746 18 58,348 11,592 20 
Talc and pyrophyllite do. 7,991 1,237 15 7,980 1,253 16 
Vermiculite?® short tons 599,834 12304 ,000 51 604,300 © 12290,000 48 ee EE EE EE —s;_;_;:_L’D 
“Estimated. PPreliminary. NA Not available. W Withheld to avoid disclosing company proprietary data; not included in world total. 
"For those commodities for which U.S. data are withheld to avoid disclosing company proprietary data, the world total excludes U.S. output and the U.S. percentage of world production cannot be reported. 
2Content of ore and concentrate. 

3World total does not include an estimate for China. 
‘U.S. figures represent dried bauxite equivalent of crude ore; to the extent possible, individual country figures that are included in the world total are also on the dried bauxite equivalent basis, but for some 
countries available data are insufficient to permit this adjustment. 

sShipments. 

‘Primary and secondary blister and anode copper, including electrowon refined copper that is not included as blister or anode. 
Includes bullion. 

Refined nickel plus nickel content of ferronickel, nickel oxide, and other nickel salts. 

*Less than 0.5%. 

1°World total does not include estimates for output in China or the U.S.S.R. 

11Includes tin content of alloys made directly from ore. 

'2Quantity sold or used by producers. 

43Includes Puerto Rico. 
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MINING AND QUARRYING TRENDS IN THE METALS 
AND INDUSTRIAL MINERALS INDUSTRIES 

By Arnold O. Tanner 

Mr. Tanner, a physical scientist with the Bureau of Mines for 4 years and a geologist with the U.S. Geological Survey for 

6 years, has been the Mining and Quarrying Trends specialist since 1986. Domestic survey data were prepared by Stephen 

D. Smith, mineral data assistant. 

he domestic mining industry | during the year entitled, “Mechanical Production of cadmium, germanium, and 

continued to be strengthened | Excavation Techniques in Mine Develop- | selenium decreased a small amount while 

and revitalized in 1989. The | ment and Production,” which was at- | beryllium experienced a moderate 

healthy conditions and the in- | tended by nearly 100 engineers from 12 | decrease. Industrial minerals with signifi- 

dustry comeback that began in 1987 | countries. The consensus of attendees | cantly increased production included 

continued to spread and became more | was that for the most efficient use of | iodine and sulfur, while moderate in- 

established for many commodities. Rela- | these machines and techniques, new min- | creases occurred in bromine, phosphate 

tively comfortable and stable commodity | ing plans needed to be developed beyond | rock, pumice, and quartz crystal produc- 

prices, still found predominantly in the | the simple adaptation of those excavators | tion. More modest increases occurred for 

metals sector, reinforced other opera- | to existing mine plans. ! calcium chloride, fluorspar, gypsum, 

tional factors in bringing vitality to the perlite, and potash, and small gains were 

mining and mineral processing industries. —|§ 2 made in clays, feldspar, dimension stone, 

New streamlined business practices, mine | MINING HIGHLIGHTS gem stones, lime, lithium, industrial sand 

and plant modernizations, and the pro- | ~— and gravel, salt, soda ash, and talc. 

gressive use of new technologies success- | Production Overview Cement, crushed stone, diatomite, fixed 

fully helped lower operating costs and nitrogen, vermiculite, and zircon held 

increase efficiency during the past 5 to Raw nonfuel minerals produced in the | fairly even. Small decreases occurred for 

7 years. An element common to these United States during 1989 had an esti- | asbestos, boron, magnesium compounds, 

three factors of industry renewal and mated value of about $31.8 billion, an in- | mica, construction sand and gravel, and 

growth was the ever-increasing infusion | tase of about $1.8 billion over the final | sodium sulfate, and production of barite 

of and growing dependence on constantly 1988 value. This was the seventh con- | and peat dropped off moderately. 

advancing computer technology applica- | Secutive year that the value had in- | Because of the increased competitive- 

tions. This trend of increasing computer- creased. Except for a decrease in 1982, | ness of many companies and more 

ization was occurring throughout the the value had increased each year since | profitable prices, many of the base metal 

mining and mineral processing business 1971. The estimated value of raw metals | markets continued to be very active, as 

while it similarly was in most facets of production increased a healthy 14% from | they had been in 1988, following many 

modern business and culture. Some com- $10.2 billion in 19 88 to $11.6 billion in | years of lackluster performance. The 

modities and companies still struggled to | 1989. Growth in this sector was slower | generally strong commodity prices in 

outlive sluggish prices and other unstable | than in recent years but still followed the | 1989 provided incentive for increased 

market conditions or to modernize their | S2Me positive trend. The same value in- | production of most major metals. Copper 

businesses, but increases in productivity creased 38% in 1988 and 28% in 1987, | maintained its position as the metal with 

and profits were more common. A trend | the year that industry rebounded from | the highest production value, followed by 

toward increased mechanical excavation | the depressed post-1981 years. Industri- | gold. But gold continued to be the strong- 

‘n nonsoil materials was beginning to | 4! minerals value also increased, but at | est and most aggressively sought com- 

surface as a substitute for standard cyclic | @ flatter 2% rise to $20.2 billion, follow- | modity overall in both domestic and 

mine development techniques, such as | 84 5% increase in value in 1988. Over- | international mining, as had been the case 

drill-and-blast and surface shoveland- | all, the value of materials produced from | for a number of years. The main change 

truck routines. More continuous mechan- | these domestically mined, raw nonfuel | for gold in 1989 was that softer prices 

ical excavation offered the potential for | minerals rose to an estimated $315 bil- | moderated new growth somewhat, com- 

increased production, fewer people at the | lion, a 5% increase over that of 1988. | pared to the boom of the previous sever- 

working face, better ground control, and Trends in domestic metal mine produc- | al years. Gold production continued to 

generally improved safety. The main limi- | tion showed significant increases for gold, | increase and was substantially the result 

tation was rock hardness. The construc- | molybdenum, certain rare earths (the lan- | of new and expanded mining operations 

tion industry had already recognized the | thanides), and silver. Moderate increases | where heap leaching was instrumental in 

benefits of tunnel-boring machines for | occurred for copper, magnesium, | developing low-grade ore deposits. An es- 

long underground drives and mechanical | platinum-group metals, titanium, tung- | timated 37% of total U.S. gold produc- 

planers for pavement removal. The Colo- | sten, and zinc, with smaller increases for | tion was the result of heap leaching, and 

rado School of Mines held a short course | bauxite, iron ore, lead, and silicon. | in Nevada, the largest gold-producing 
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State, it accounted for about 42% of the | U.S. production and optimistic future nations, provided a setting for further and 
output. An increasing number of compa- | projections were largely the result of in- | more relaxed future exchanges. One con- 
nies were processing their sulfide and | creased silver production as a coproduct | crete example of this in the mining indus- 
refractory ores using new, expensive | with gold and copper production and the | try was a joint venture that was officially 
autoclaves, or by employing roasting | opening of several major silver and zinc- | formed late in the year between a very 
methods or other newly developing proc- | lead-silver U.S. mining operations. The | large Soviet gold mining association and 

: esses. A few operations continued the | Institute reported that lower production | an Alaskan company. The two, Severo- 
development and adaptation of bioleach- | from Mexico and Peru was in part the | vostokzoloto (Russian for “Northeast 
ing methods to preoxidize their sulfide | consequence of labor problems. | Gold”), the largest gold mining associa- 
gold ores, which were previously often tion in the Soviet Far East, and Bering 
labeled “waste” by some operations. Until | Equipment Sales Straits Trading Company of Anchorage, 
recently, commercial applications of bac- The value of shipments by the U.S. AK, joined together to combine and mar- 
terial leaching had been mostly limited to mining machinery industry, measured in ket mining technology developed on both 
copper and uranium. constant dollars. rose an estimated 1.8% sides of the Bering Strait. The partners’ 

Gold output in the United States in- in 1989 relatively the same as the 3% | NeW organization, SVZAL, planned to 
creased from about 6.46 million troy increase of 1988. Comparatively high combine the best aspects of their distinc- 
ounces in 1988 to almost 8.6 million troy |. levels of industrial production and of in- tive technologies in developing safer and 
ounces in 1989, about a 33% increase. vestment in capital equipment in the | ™ore efficient mines in both countries. 
This followed 1988’s 31% rise, 1987’s United States continued to stimulate both | !be Soviets were reported to have more 
similar 33% rise, and 1986’s 45-year mine production and sales of mining advanced permafrost technology and 
record increase of 54%. Nevada was machinery. Many U.S mines continued specialized techniques and equipment for 
responsible for much of this increase. In to make new investments in plant and large-scale placer operations. The U.S. 
1989, Nevada produced just under 5 mil- other equipment to be more competitive | Company had more extensive automation 
lion troy ounces, slightly more than 58% in world markets. These purchases in- technology and a different management 
of total U.S. gold production. Since over- cluded equipment for in-pit crushing and style that was of interest to its Soviet 
taking Canada in 1986, the United States high-capacity conveyor systems to replace counterpart.3 

remained the third largest primary gold costly vehicle haulage systems. New elec- 
producer in the world, behind the Repub- | trochemical mineral processing equip- | ee 

: lic of South Africa and the USS.R. Gold ment was employed to economically LEGISLATION AND 
bullion imports, following a fall of 25% exploit lower grade ore deposits. Com- | GOVERNMENT ACTIONS 
to 1.8 million troy ounces in 1988, rose puters were increasingly used to track |~ 
73 7 to 3 -12 million in 1989. Exports of equipment and machinery maintenance , Li. 
bullion increased 364% to 8.44 million requirements to extend equipment oper- Issues important to the mining and 
troy ounces in 1988 over 1987 totals be- ating life and reduce costs. Nevertheless, | ™"¢ral processing industries were the cause of large sales from company inven- | snout one-half of the total demand was | SUbuects of many often strongly debated 
tories. In 1989, U.S. gold bullion exports projected to be for parts and attachments. bills prepared by both the House of 
moderated, totaling 3.97 million troy | ys exports of mining machinery were Representatives and the Senate of the ounces, less than one-half that of 1988. | yatued at about $430 million. a 3% in. | U-S. Congress. Revision of the Mining 
However, the current increasing trend, | crease over a revised 1988 level of $413 | Law of 1872, amendments to the Clean 
which followed a large drop in 1982, | million. The International Trade Ad. | Ait Act of 1970, proper controls on mine 
continued. This was a 93% increase over | ministration estimated that U.S. imports and mineral processing waste, and a 
that of 1987 and an 11% increase over | o¢ mining machinery grew to about $380 number of wilderness, environmental, that of 1986, the year closest in bullion | jninion in 1989. almost a 50% increase | 204 Public land bills were frequently on 
export total. Interest in precious metals | over the 1988 level. In 1988. these im. | CONgressional agendas. Mining law issues 
as bullion and commemorative coins re- orts rose only 6.4% foll owin ga 26% drew considerable attention. A mineral 
mained strong but slower in the United crease in 19872 leasing system for mining on public lands 
States when compared with that of recent was proposed in lieu of the current claim 
years. Interest in platinum and palladium East-West Technology Venture and patent system in conjunction with 
coins increased in several countries. stricter environmental protection and 

Preliminary estimates showed that the | Signs of cooperation between the Com- | Jand reclamation requirements for those 
United States surpassed world-leading | Munist and the non-Communist world | companies seeking to mine on Federal 
Mexico in silver production in 1989, and | had been on the increase for a number | Jands. The Western Governors’ Associa- 
the Washington, DC-based Silver Insti- | of years. This was partly evidenced by a | tion (WGA) at yearend approved a reso- 
tute projected that this would likely con- | growing number of scientific and educa- | Jution endorsing the Mining Law of 1872. 
tinue through 1992. U.S. production | tional information exchanges and cooper- | At the same time, it recognized problems 
totaled more than 64.6 million troy | ative ventures of various sorts. A radical | with the present system and directed its 
ounces versus preliminary estimates of | softening of past highly structured polit- | staff to review allegations of reported 
63.5 million troy ounces for Mexico and | ical and societal policies in the U.S.S.R., | abuses. WGA stated that abuses such as 
almost 56 million troy ounces for Peru, | both toward its own people and especially | nonmining uses of public lands could not 
the other world leader. The pickup in | toward the Eastern European bloc | be tolerated and should be prohibited by 
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Western State laws if they were not sub- | national defense preparedness of the | government severance tax to replace 
ject to administrative solutions.4 The | United States. The U.S. Department of | property taxes on coal mine proceeds. 
clean air laws and conflicting information | the Interior is charged under DPA with | Under State supreme court order, Ken- 
on acid rain also drew much active inves- | responsibility for emergency readiness | tucky raised its property tax rate on un- 
tigation and debate while major proposals | plans and programs for all nonfuel miner- | mined coal. The court deemed the 
containing an environmental emphasis | al materials. Under the Act, the Bureau | then-current rate to be so low that it 

were presented by the Administration. | of Mines, as a result of its continual | amounted to an unconstitutional exemp- 
Substantial wilderness areas in Nevada | monitoring of mineral supply and de- | tion from taxation. Nevada completed 

were protected by one bill’s passage, but | mand and its technological competence, | passage of a constitutional amendment 
in terms of legislation that completed the | has the organizational framework needed | that effectively raised the tax on the net 
entire circuit through to the President’s | to discharge priorities, allocations, and | proceeds of its mines.® In another State 
signature, the year was relatively quiet. | supply expansion responsibilities. To | action, the New York State government 
Active continuation of most of this legis- | facilitate coordinated Government action | encouraged investment in precious metals 

lation was anticipated for the upcoming | in the event of an emergency, the Bureau | by exempting precious-metal bars and 
1990 session. Legislation to order even- | maintains 96 standby interagency miner- | bullion coins from New York State sales 
tual replacement of the $1 bill with a | al commodity committees, which would | tax effective September 1, 1989. Plati- 
copper coin and a palladium bullion coin | be called upon as needed in an emergen- | num products, which were often previ- 

bill were among coin bills proposed but | cy, as well as a unit of the National | ously too expensive to purchase; gold and 
not completed by yearend. Defense Executive Reserve. silver bars; and low-premium bullion coin 

Wilderness Protection.—In December, sales of $1,000 or more became exempt. 
Statutory Changes the President signed into law the Neva. Exceptions to this exemption included 

National Defense Stockpile.—The Na- | da Wilderness Protection Act of 1989 | C!s trom the Republic of South Africa 
tional Defense Authorization Act for | (Public Law 101-95), which established | 284 those being manufactured, processed, 
Fiscal Years 1990 and 1991 (Public Law | 733,400 acres of wilderness in 13 areas assembled, fabricated, or used for an in- 
101-189) included amendments to the in- | on national forest lands in Nevada to be dustrial, professional, esthetic, or artistic 

place National Defense Stock Piling Act. | administered by the Secretary of Agricul- | PUSPOS-' 
The stockpile manager was authorized to | ture. In addition to setting aside wilder- . | 
dispose of stated quantities of 11 speci- | ness areas, the bill’s passage released | Court Rulings 
fied stockpile materials during the 2 years, | about 2.4 million acres of land back Increased Arizona Mining Royal- 
with the disposal limited to $180 million | into multiple-use status. This land had | ties.—The U.S. Supreme Court upheld a 
each year. In turn, $180 million was to | been tied up for years in wilderness study | 1987 Arizona supreme court ruling that 
be spent each year for acquisitions and | areas pending passage of a wilderness | invalidated a State law that allowed the 
upgrades of stockpile materials, with at | bill. Land Department to charge a maximum 
least $30 million yearly to be obligated De ep Seabed Fundin g.—The Deep 5% royalty for mineral development on 

for new upgrade programs not already re- | g.4heq Hard Mineral Resources Act | the State’s 9.6 million acres of trust land. 
quired by law. Another provision of the | (public Law 101-178) was reauthorized | Under the Enabling Act of 1910, the Fed- 
law instructed the President to encourage and funded through 1994 with an annu- eral law under which Arizona became a 

the development of domestic sources for | a) funding level set at $1.5 million. Ex- | State, mineral lease royalties from State 
appropriate strategic and critical materi- | clysive exploration licenses could be | trust lands were to go into a fund for 
als. This was to be done to the extent that | issued to applicants on a first-come-first- | schools with the interest used to pay for 
the President determined such action was | served basis, with the potential for future | education in Arizona. This Act also 
required for the national defense. conversion to a permit for commercial | required the legislature to obtain the 

Strategic and Critical Material Avail- | recovery in the area covered. This law | highest possible worth for trust lands it 
ability.—The Defense Production Act | was renewed partly in anticipation of | chose to lease. The Federal Court ruled 
(DPA) was extended until August 10, | more comprehensive future legislation. that the 5% cap deprived the State of its 

1990, as Public Law 101-137. The DPA State Tax Legislation.— According to fair share of the minerals’ value, but 
was designed to place heavy emphasis on | a survey of 24 mining States by the Min- | Stopped short of invalidating current 
maintaining a continuing level of indus- | ing Cost Service of Spokane, WA, tax | Mineral leases. If that had been done, 
trial and economic preparedness in the | legislation specifically favorable to the Arizona would have stopped Tecelving 
eventuality of a national defense emer- | mining industry was passed only by Mon- | Tyalties while the issue awaited resolu- 
gency. The DPA previously had an ex- | tana. Two States, Kentucky and Neva- | tion. The Court added that the leases 
clusive emphasis on mobilization | da, passed legislation increasing taxation | Validity was on shaky ground, having 
preparedness. In recent years, ithad been | of the mining industry, while four | been issued under a mineral leasing law 
oriented more toward providing a way to | others—California, Minnesota, Missou- | 2OW considered invalid. An Arizona trial 
respond to adverse actions occurring out- | ri, and North Dakota—passed tax laws | Court was ordered to resolve the question 

side the country. Such actions included | that impacted mining but were not spe- | Of current lease validity and decide 
those that could result in nonavailability | cifically directed at mining. Montana | whether retroactive royalties to the State 
or serious shortages of strategic and crit- | reduced its personal property tax rates for | were to be collected. The specific case, 
ical materials with serious effect on the | mining equipment and passed a local | Asarco v. Kadish, was initiated by State 
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education groups and involved royalties | State prosecutions. Corporate officials | potentially lucrative style of mine 
received from such operations as Asarco’s | could be prosecuted for knowingly expos- | development.!3 

Mission Mine, south of Tucson, AZ. The | ing their employees to hazardous chemi- | 

| copper and molybdenum mine was situ- | cals and unsafe conditions. Defendants | Overview 
ated on both Indian territory and Arizona | argued that criminal charges brought by Mineral exploration in the United 
trust land. the State should not be valid because the | gjates continued to show signs of 

States Allowed Development Taxes on | Federal Government preempted State | renewed interest. The pursuit of gold, and 
Indian Lands.—Several weeks previous | Prosecutions when it enacted the Occupa- | jess so other precious metals, remained 
to the Asarco case, the U.S. Supreme | tonal Safety and Health Act of 1970. | strong in 1989, but with slightly less in- | 
Court had ruled in favor of a State’s right | They argued that Federal officials were | tensity than in 1988 because of relative- 
to tax mineral development on Indian | MOre experienced and knowledgeable and | jy iow and somewhat prolonged, soft gold | 
lands in two separate State cases. In the | WOuld use more uniform and national | prices. Some companies were reported to 
case of Cotton Petroleum v. New Mex- | Workplace safety standards than some | be diversifying away from a singular em- 
ico, the Court ruled that tribal sovreignty | 10ca! Prosecutors and juries which could phasis on gold. Geochemistry plays an 
did not prohibit States from imposing | be less informed and less consistent. important role in gold exploration be- 
taxes on mineral production (in this case Federal and State Placer Claim Dis- | cause gold often occurs in submicron-size 
oil and gas) from reservations or tribal | pute.—In a case before the Alaska | grains, especially in hydrothermal 

lands. The decision applied to non-Indian | supreme court involving conflicting State | deposits. In geochemical surveys, gold re- 

lessees of tribal resources.? In a case | and Federal claims to the same placer | mained as the most actively sought com- 
brought by Peabody Coal Co. against the | deposits, holders of several unpatented | modity, but modest exploration projects 
State of Arizona, the Court upheld, with- | Federal placer claims lost to State claim- | were undertaken for other commodities, 

out comment, a decision by Arizona | ants. The problem was caused by (1) Fed- | such as copper, lead-zinc, platinum-group 

courts that State “transition privilege” | eral Public Land Orders in 1972 and | elements, and rare-earth elements (the 
taxes must be paid by Peabody Coal for | 1981, which withdrew selected public | lanthanides). Generally strong base metal 
coal mines it operated on Navajo and | lands from mineral entry, giving their | prices helped fuel some increased interest 

Hopi reservations in Arizona. Peabody | elective control to the State of Alaska, | in these materials, but base metals were 
had been paying taxes under protest since | and (2) complicated claim histories, which | largely sought in conjunction with preci- 

1980. Of concern to Indian tribes and | included some gaps in the mandatory an- | ous metal-enriched massive sulfide or 
companies alike was double taxation, by | nual labor requirements for the proper- | porphyry-type deposits.!4 Exploration ac- | 
State and tribes, on the same property. | ties. The supreme court affirmed one | tivity for gold (with some interest in cop- 
Both claimed that mineral extraction | previous lower court judgment and re- | per and zinc) increased in the States of 
should be exempt from State tax levies | versed another, holding that a successor- | Idaho, Montana, both North and South 
because of tribal sovreignty. Indian offi- | in-interest to Federal mining claims could | Carolina, Oregon, and Washington. 
cials contended that double taxation was | not cure his predecessor’s failure to per- | Titanium was actively pursued in North 

unfair and that economic development | form annual labor after land encompass- | Carolina and southeastern Virginia, es- 
programs on reservations would be hurt | ing claims were withdrawn from mineral | pecially by foreign companies, as well as 

by continued State taxation privileges on | entry.!2 in southern California. Exploration ac- 
their lands. Indian tribes from other tivity for some industrial minerals was 

States, mcluding Colorado, Utah, and | ————————-——______—Y——_—_ | also reported. Among these were sulfur 

Wyoming, expressed concern to the U.S. | EXPLORATION in Texas and the Gulf of Mexico, kaolin 
Senate following the rulings. Tribal repre- | ——————__— | in Minnesota, high-grade lime and boron 
sentatives stated that the double taxation . , in California, and a diamond deposit in 
placed reservations at a disadvantage in | _ he 28th International Geological | aryansas. While exploring for gold in 
trying to attract new oil and gas and other | Congress, with participants from 107 | .outhern Nevada, one company discov- 
mineral development and was at present | Countries, was held in the early summer | ereq a high-grade wollastonite deposit, 
threatening the continued operation of | 12, Washington, DC. The world supply of | after which it shifted emphasis to defin- 
some existing facilities. Mineral produc- | ™nerals was a major focal point of dis- | jn and testing the quantity and quality 
tion tax revenues were necessary to the | CUSsion. Money and motivation available | Grit. wollastonite showings. Wollastonite 
tribal economies, the tribal representa- | !0r mine development and exploration | 1 4 an increasing potential for use as an 
tives insisted. !0 was of more coneem than the size of the asbestos replacement and as reinforce- 

world’s supply. This was less the case for 8 Tep , 
Workplace Health and Safety.—In | developed countries such as the United ment fillers in plastics and resin systems. 

another U.S. Supreme Court case, the | States than for developing countries. With support from the Bureau of 
Court let stand a unanimous decision | They were supplying much of the world’s | Mines and the U.S. Geological Survey 
made by the Illinois supreme court earli- | minerals with too little of their own | (USGS), the Society of Economic Geolo- 
er in the year that allowed States to file | money to invest in such work. On the | gists (SEG) conducted its annual Miner- 
criminal charges against employers ac- | other hand, these Governments were | a! Exploration Statistics Survey to gauge 
cused of neglecting the health and safety | viewed as becoming less hostile to foreign | the levels of current nonfuel mineral 
of workers. It agreed with Illinois that | investors and private mining operations, | exploration in the United States and 
Federal workplace regulations did not bar | thereby opening the door to a new and | Canada. SEG results indicated a definite 
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need for more investment in base metal | satellite availability, the unit could be | for satellites were being developed by 
exploration in both countries, although | operated virtually without time restric- | other countries with a variety of spatial 
more so in the United States. The Socie- | tion in most parts of the country in day- | and spectral characteristics. On the inter- 
ty noted a lack of adequate exploration light hours. The mineral exploration national scene, remote sensor systems in- 
for lead-zinc resources conducted in the industry model incorporated a communi- | cluded the French SPOT satellites, Soviet 
United States through early 1989. Be- cations package that allowed survey in- | Soyuzkarta, Europe’s ERS-1, Japan’s 
cause of this, the US. ore reserve base | formation to be processed by a data JERS-1, Canada’s Radarsat, and the in- 
was diminishing, with little replacement | logger or personal computer.!®6 ternational polar platform. 
reserve base being added through explo- | __ Following the discovery via satellite 
ration. SEG reported copper exploration | Airborne Data Collection imagery of a zone of silicate minerals con- 
to be sluggish, but it stated that the lead- | Remote Sensing.—The use of remote | taining ammonium, a scientist from the 
zinc situation was more serious because | sensing as an exploration tool has stead- | USGS postulated a substantial potential of the geological setting in which the ily grown. Not only were technologies | for gold and silver deposits in the Cedar 
deposits occur. Copper cePosits general | emerging to identify rock types and the | Mountains in southern Utah. The large 
ly have ower ade dores, Hoon adjacent location of minerals and ore deposits, but | size of the ammonium-bearing zone—up 

to Present y mine wh distinc “a | the location of structural features evident | to 100 times the size of other known 
louie ann Brith i le a, teen er on some processed images were used to | occurrences—made the Cedar Mountain 
ned cutolis, liz Ith little adjacent hen assist in determining the safest approach | locality unique. Ammonium-bearing 
grace munera va hej rable hie her to mining an ore body. A property under | minerals had been found at major gold- 
more economically desireable, higher | consideration could be evaluated for the producing areas in the United States, Be Ses ate depleted. eexplor. | Likelihood of mining difficulties attributa- | including the McLaughlin gold mine in 
. on the Ut 50 sane tot 11) ©XP val ble to geologic structural weaknesses, | California and in gold deposits along the 
ing in t we nite Mins were) homa thereby lessening an adverse economic | Carlin Trend in Nevada.!9 In Brazil, the 
areas at Aansas, Missouri, Uxianoma, | impact on the project and increasing the use of Landsat imagery and side-looking and Wisconsin for copper, gold, iron, lan- ra if, og ; safety factor. Satellite imagery was use- | airborne radar preceded the finding of thanide, silver, and uranium ores; (2) . ; ; , ful in detecting special spectral signatures | cobalt, copper, lead, nickel, and zinc | . northern Minnesota for deposits of gold, | ; 7 ER °, ? in vegetated areas. A large body of evi- | mineralization and high bismuth, gold platinum, and silver; (3) Alaska for gold “ao indicat; ar > oN? dence was accumulating indicating that | and silver mineralization. Other areas in and rare-earth deposits; and (4) placer ‘ac in nj é metal anomalies in soils are expressed as | Brazil revealed the occurrence of colored gold occurrences along the Georgia- tac ; ; 
Alabama Fall Line. Minnesota’s State ; g ; a : ; Such data could be useful as an aid to these studies, costs of remote sensing ex- Executive Council encouraged metallic- : ; ? 8 | ; ._ | prospecting and to environmental | ploration were estimated at about 1% of mineral exploration with a lease sale in vs ; : p 

; monitoring of soil chemistry. conventional black and white aerial October. It awarded 65 leases, covering ; ves Numerous systems were undergoing | phot h d field t 25,775 acres, to 9 companies primarily in- ; Ppnotograpny and eid mapping at a terested in gold and platinum development for conventional airspace 1:100,000 scale.29 
neta ic in BOK ane’ Planinum-group | and earth orbital applications, but the 
metas. workhorse of the geological remote sens- Economical Geophysical Sur vey.— 

. we .. ing industry remained the Landsat satel. | Before 1989, the Dinguiraye Gold Mine 
Convenient Position Fixing lite. Federal Government Agencies’ | Ltd. (DGM) mining concession in the 

A handheld Global Positioning System | support of the two existing Landsat earth- | Republic of Guinea in western Africa be- 
(GPS) receiver called the Magellan GPS | watching satellites 4 and 5 was continued | £42 comprehensive geophysical mapping 
Pro!> was developed through the co- | when the President approved funding | Of a small African bush area with high 
operative efforts of a number of Aus- | through fiscal year (FY) 1991. Included | 80ld mineralization potential. Outcrops 
tralian companies and subsequently | in the approved plan was the launching | 0” the heavily laterized landscape could 
manufactured at Magellan Systems Corp. | of Landsat 6, tentatively scheduled for | Ot be used to support any geological 
of Monrovia, CA. The unit was designed | mid-1991. Landsat 6 was planned to pro- | model or reasoning for the selection of 
to enable field exploration personnel to | vide an updating of technology, some of | Worksites, and DGM wanted to find 
precisely fix their position to within 5 to | which was as much as 15 years old. Land- | More targets. A standard aircraft and | 
7 meters (m), by latitude and longitude | sat imagery was costly, but it was the | Cfew were too costly because of the small 
or specified map grid. The Pro model | least expensive method that was availa- | $1Z¢ and remoteness of the exploration 
reportedly incorporated features initially | ble for conducting regional surveys.!7 | area. The company used a microlight air- 
requested by the Australian minerals in- | The State of Oklahoma used satellite | craft configured with modern sensing 
dustry, including standard and user | scanning to detect erosion, and single im- | ¢duipment and on-the-spot data process- 
definable datums, computer interface, | ages cost more than $3,000 each. Never- | ing with microcomputers. The location 
and navigation features. The GPS used | theless, scientists expected remote sensing | and mapping of a shear zone, a known 
a network of 21 satellites plus three op- | to become increasingly popular, especially | major tectonic feature, was essential to 
tional backups, circling the earth twice | if environmental problems and the need | interpreting the area and selecting further 
daily in 6 fixed planar orbits. The com- | to more closely monitor them continued | geochemical testing sites. This zone was 
pany claimed that in a country such | current increasing trends.!8 In addition | a site of magma rise, where deepwater 
as Australia, which has a high level of | to the Landsat program, sensor systems | convection had redistributed various | 
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elements, including gold. The survey also | throughout the United States and report- | the list. Most were low-grade ore gold 

revealed smaller structures, such as | edly demonstrated an overall average in- | mines using heap leaching to recover 

faulted mafic dikes and certain specific | crease in hard-rock drilling production of | precious metals. Though not harshly af- 

| faulting patterns, which were especially | between 15% and 20% and an almost | fecting the industry, the relatively low 

- | important for the location of stockwork | 20% increase in bit life.23 and fairly consistent soft gold prices con- 

and placer deposits. DGM’s success with | Yammer Drill. —Entec Industries Ltd., | ttibuted to the suspension of operations 
this low-level airborne geophysical survey | based in Northern Ireland, United King- | Of some marginal gold-mining operations 
suggested its potential as a future explora- | dom, developed a new down-the-hole | 2nd relegated some other operations to 
tion tool in remote areas. This explora- | (DTH) reverse circulation hammer spe- | ™@rginal status. As has been the recent 
tion project led to a 50-50 partnership | cifically for geologic sampling. The Sam- | Pattern, expanded operations and mod- 
between DGM and the Guinean Govern- | plex drilling system incorporated | ¢tization of existing properties, reopen- 

| ment for mineral exploitation and contin- | independent internal flushing. The | ig of mines closed during the past several] 
ued exploration programs in 1989.7! patented design created suction at the bit | Yeats, and redevelopment of previously 

_ , face to promote high-volume recoveries, | Mined properties took precedence over 
Drilling Technologies . which Entec claimed contained no con- | the development of new mining ventures. 
Diamond Drill Bits.—Two new | tamination, a common DTH drill sam- | Gold again was the commodity that had 

matrix-diamond impregnated drill bits | pling problem. A continuous airflow was | the highest number of mine projects to 
with differing methods of improving per- | passed through the flushing jet into the | Come on-line. More than two dozen new 
formance were produced, one by Boart | sample tube, maintaining flushing | 80ld mines began production in 1989, 
Exploration Services of South Africa and | whether the drill piston was in operation | While the capacities of many other gold 
the other by Christensen Mining | oy not. Sample recovery started immedi- | Mines were expanded. Six new and re- 
Products, based in Salt Lake City, UT. | ately when drilling commenced, and the | opened zinc-producing mines, several 
Boart launched its new “Series 9” core bit, | penetration speeds were equivalent to | Producing significant amounts of lead, 
which utilized a new reactive matrix. The | conventional standard DTH hammers. | began production in 1989. A gold and in- 
matrix reportedly provided improved | The bit could produce large chip sizes | dustrial sand operation in North Carolina 
diamond retention and hence more effec- | suitable for rock identification in the field | Commenced production of a mixed 
tive utilization of the diamond in service. | and laboratory thin-section analysis. | heavy-mineral sands concentrate consist- 
The innovative matrix technology neces- | There reportedly was no loss of circula- | ing Primarily of monazite, a principal ore 
sitated the development of a new manu- | tion in voids and fractures with continu- | Of the rare earths, with lesser amounts of 
facturing process, which included further | oys sampling through varying geologic | Zitcon and the yttrium-rich mineral xeno- 
development and use of a sophisticated conditions 27 time. The deposit was the first domestic 
vacuum furnace. Boart claimed that this Reduced Drilling Downti Beca source known to have produced commer- 

addition allowed better process control f th har 4 Mt "dt own jer whi h irl cial quantities of xenotime. 

and consistent product quality, a wider | ©, US ars} con@inons tn “ach ‘in h 
| range of processing conditions, and the pipe is fequared’ to Operate? i u net € | Alaskan Production Commences 

evaluation of more exotic materials and articles Sifecitia ab t y dc nthe Largest U.S. Silver Producer.—The 

different production methods. The, bit rh es, CUCU use i Afri own ‘ © | Greens Creek lode-silver-gold under- 

was said to have given impressive results ti stem Occur. on d this p bk O- ground mine on Admiralty Island, 18 

in exploratory underground drilling in a be hha ne the & approacned U ts a “Ml | miles southwest of the capital city of 
variety of quartzites, providing longer life y ed .; h SCTEW PIECES Pt I . 1 og. Juneau, began operations in February. In 

and improved productivity, particularly mea’ we a eee fri NICKe dn OS" | its first year, it became the largest silver- 

on high-speed, medium- to high-powered pnorous, ¢ Ret Or 4 noone ound producing mine in the United States, ex- 

hydraulic machines.22 aT pore y; ik vofitied th tracting 6.4 million troy ounces [198,066 
Christensen Mining developed its new oh pipe etachment ell “d. itted t 4 kilograms (kg)], and the second largest 

“Gold” bit. The new bit combined friable lightening Process as oth an Annie lode-gold mine in Alaska. Significant 

diamonds with a new matrix, which was men vom among ‘ SE ustrallan | quantities of zinc and lead, almost 10% 
designed to continually expose the and Canadian mining Trims. qhipment and 4% of the ore, respectively, also were 

diamonds so that they sharpened but did | 1onsevity increased, and there was also |, Gquced. Following milling and flota- 
not polish themselves as they slowly a significant reduction in downtime dur- | tion all concentrates were shipped to 

broke down. Christensen claimed a more | ™® exploration drilling operations. A smelters in western Europe, Japan, and 

consistent cutting surface along with nickel teflon compoune was used On | south Korea. Preliminary figures showed 
more consistent penetration rates, and | *W88* lock tye ittings to allow lor their | that the overall value of mineral produc- 
minimal polishing. In ultrahard, dense, reuse after detachment. tion in Alaska increased 27% in 1989, 

consolidated formations, typical of many and this was mainly attributed to the 

gold deposits in the Western United | 7. | metal concentrate production at Greens 

States, other comparable bits could be- DEVELOPMENT Creek. Mine development costs 

come polished and penetration rates even- amounted to about 40% more than origi- 

tually fall off to zero. The new Gold bit The rate of development of new min- | nal 1986 estimates, and that rise was 

was designed to cope more effectively | ing properties other than those for gold | attributed to poor weather, safety inves- 

with these conditions. Tests were con- | remained moderately slow in 1989. Asin | tigations, breakdowns, and equipment 

ducted on many demanding formations | recent years, gold mine openings headed | adjustment. In the spring, secondary 

46 MINING AND QUARRYING TRENDS IN THE METALS AND INDUSTRIAL MINERALS INDUSTRIES MINERALS YEARBOOK—1989



explosions hot enough to melt ventilation | of contractors. The company chose to use | exploration indicated more reserves and 
tubes occurred within seconds of blasting | its own personnel from such projects as | a potential for future underground 
on two separate occasions. Fortunately, | its productive Sleeper surface gold mine | mining. 
no serious injury occurred, but the high- | to the north and completed construction Bond paid close attention to the mine’s 

-| grade ore zones were closed for 6 weeks | of Wind Mountain in about 4 months. | impact on the environment and the local 
to solve the problem. Use of a sprinkler | Much attention was paid to detail, plan- | community. The Bullfrog Mine was near 
system to saturate the mine walls and the | ning, cautious selection of a significant | the historic Nevada mining camp of Beat- 
ambient air during blasting operations ap- | amount of used equipment, and selection | ty, and it was directly adjacent to the re- 
parently solved this unusual problem not | of skilled, industrious personnel in mak- | mains of the old gold-mining boom town 
reported in a U.S. mine since 1941. The | ing the marginal near-surface project | of Rhyolite, where one-half dozen people 
puzzling explosions were determined to | profitable. The total size of two equal | still lived in a few remaining buildings. 
be caused by the buildup of fine-grained | heap-leach pad areas was about 3 million | A major local highway leading to Death 
sulfide dust after blasting in the massive | square feet, the majority of which was | Valley National Monument, CA, strate- 
sulfide ores. The primary ore extraction | leached by the increasingly popular drip | gically separated the mine and process- 
method was drift-and-fill, and cut-and-fill | method. Cash production costs for 1989 | ing complex from the tailings pond area. 
techniques were used in steeply dipping | were in the range of $265 per troy ounce | If a heap-leach pad was ever to be built, 
areas. Mine life based on proven reserves | of gold and silver combined. Wind Moun- | it would probably be constructed next to 
was estimated to exceed 10 years.26 tain had an anticipated 4.5-year mine life | the pond because of the perfect slope, 

. with an annual output of 42,000 troy | size, and lay of the land. Also, Bullfrog 

open ae eee aaa at ounces (1,300 kg) of gold and 7.5 times | was situated close to the tourist town of 
Alaska began somewhat abbreviated as much silver. Close to 70% of the gold | Beatty, NV. Among other projects, Bond 
production in late November. The zinc- was sold up to 4 years ahead of time to increased the quantity and quality of the 
lead-silver deposit was the larges t known add some security to the $17 million | town’s water supply by drilling a new 
zinc reserve in the United States and. ac- project. The Wind Mountain property | well, and it provided funds for expansion 
cording to Cominco, was the third late ect | Was close to the prehistoric Lake Range of the Beatty school system. Bond drew 
zinc deposit ever discovere d. The milling Quarries, where early human beings | from the valuable past experience of de- 
complex was completed, an d the first con. mined materials to make tools. Amax veloping the Colosseum gold mine in an 
centrate was pro duce d on. schedule funded an archeological study of the area environmentally sensitive area of Califor- 
However, some plant deficiencies, inclu a. from which a Bureau of Land Manage- nia. (See Mining and Quarrying Trends 
ing a concen trator operating at one-half ment archeological team acquired signifi- | chapter in the 1988 Minerals Yearbook.) 

f 7 d k slowdowns at th cant amounts of data as well as some | Control of dust was crucial at Bullfrog. 
OF capacity, nt "earl StOW for s th © | artifacts.28 | The company controlled dust by continu- 

a 1 | Return to Historic Mining District haulage roads, and in the covered ore 

hie development wen ecole ih vane vag | Etre} All of, even low-grade or 
March 1990. Production was expected to The last major gold rush in Nevada not economical for conventional process- 

h full 7 ¢ 560.000 ton and the first made by automobile oc- ing at then-current prices, was stored in 
1508 00 0 capacilles 0 eo 0 d curred partly in southern Nevada’s Bull- | buildings to control the dust. These build- 

70 15 0 tons (109,000 ap of lea dconcen. f rog Mining District. Substantial | ings were painted in appropriate colors to 
t fe . 1992 Devel + cost precious-metal development returned to | blend in with the desert landscape as 
rate MI tively bi Ay clin OP bow $490 the area with the opening of the Bullfrog | naturally as possible.29 

villi re ane gn, tota sid a a 5 . | Open pit gold mine. Bond International | . 
while L ut t a (1) the hi ho wer ~ | Gold, Inc. expected average yearly gold | Instrumentation 
Me % mc and 5 % | 4: + ore ©, | production to be 220,000 troy ounces | Microcomputers and Modeling.— 

0 Zinc tb , 0 lead; (2) a very “I (6,800 kg) with almost as much silver dur- | Since about 1984 mining industry profes- 
average nd (3 urden-to-ore strip ne ~~ | ing its first 2 full years of operation. | sionals, such as geologists, mining en- 
or less; and (3) ynown reserves 1 00 tne Greater annual production was antici- | gineers, and metallurgists, progressively 
a mine life of 50 years G about 6,6 k on pated thereafter during a 5- to 7-year | increased their use of the microcomputer 
(6,000 mt) per na. reens pre an | | mine life from approximately 1.8 million | in their day-to-day work. Besides speed- 
Red D be de t ‘o ee  Alask ase mee troy ounces (55,700 kg) of proven and | ing up general office duties, this relative- 
1930" tO, eveloped IN “Alaska SINnce Ene probable reserves of gold. The company | ly new tool of the trade was used to store 

s: completed construction of the mine and | drill-hole data and equipment and 
. conventional processing complex in 11 | flowsheet information as well as perform 

Low Budget and Efficient months and commenced production on | calculations on this same data. With 
Amax Gold Inc. commenced produc- | September Ist. Unlike Amax, Bond hired | specialized software, a computer can gen- 

tion at its Wind Mountain gold-silver | a contractor to do the mining, freeing | erate maps and other graphics, such as 
heap-leach project in western Nevada in | the company from purchasing its own | three-dimensional views and interactive 
the spring. The low-grade, abrasive (high- | equipment. Bond personnel did all ore | design of mine plans and flowsheets. 
ly silicious) gold deposit, passed up by sev- | beneficiation, electrowinning, and elec- | Another use was that of modeling geo- 
eral companies because of ore grade and | trorefining to produce doré and neared | logical and geophysical data throughout 
location, was developed with a minimum | full production levels by yearend. Ongoing | the entire life of a mine from exploration 
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and development through reclamation of | appropriate local data, such as the loca- | and sent to a data terminal for decoding, 
the land. Modern microcomputers were | tions of local significant structures and | logging, and visual display. Among other 
powerful enough to handle the vast | the mining operation perimeter on a pre- applications, the company claimed that 
numbers of calculations and cross calcu- | established coordinate grid. Results were the device was particularly useful for 
lations between different sets and types | displayed on a series of two- and three- pilot-holes before shaft boring where truly 
of data that only larger computers could | dimensional topographs, similar to geo- vertical holes were essential. Geosonics 
handle not too many years before. Three- | logic, equal-elevation, contour maps. The continued work on the development of 
dimensional descriptions of a deposit were | vibration topographs represented areas of | a multidirectional version of the device 
routinely generated. Mining and miner- | equal particle velocity or frequency, | for straight hole drilling at an inclination 
al processing methods could be tested or | vibration intensity differences between | to the vertical or in the horizontal 
computer-simulated and optimized. The | two separate blasts, or the percentage of | plane.>2 
performance of many mining and metal- | the Bureau of Mines recommended vibra- 
lurgical operations could be “optimized” | tion limits that were encountered. ese 
in a variety of ways, such as in the selec- Geosonics noted several potential | UNDERGROUND MINING 
tion of the best pit scheduling, the best | benefits of the system. With the knowl-_ | ——-H+___ 
maintenance plan, or the best size plant | edge gained from each analyzed blast, . ; 
equipment. A growing number of | mine operators could map and under- Mechanized Tunneling 
methods were being adapted to deal with stand subsurface anomalies that amplified The National Research Council of 
such factors. Microcomputer simulations | or attenuated vibrations in specific direc- ; me . ~~ , Canada provided partial funding for a 
of a process or method were similar to | tions to assist in planning future blasts. | .. duct; ” ‘ect. b 4 | Pp tion of this scientific inf fi joint venture headed by the Canadian 
conducting a pl ot project, ut at muc resenta ion Of this scientilic information mining company Falconbridge Ltd. to de- 
lower cost. In mining, simulations con- | to zoning boards, regulatory agencies, | .: as ; ; . ; ; , Te sign a new, fast and efficient tunnel bor 
sisted of testing alternative equipment | and planning commissions could help to | : , “es :; . ing machine (TBM) specifically for the 
and methods on models that represented | illustrate the effect blasting was having minin licati ; ; ; g applications. The Compact Un 
the ore body or the operation of the mine | or would have on a community. Often der dB ; ; ground Borer (CUB) machine was the 
or mill. Another example of the applica- | such assessments had previously been de- ote tat 

. : a: —_aree result. The CUB’s initial customer was 
tion of modeling was found in inversion | pendent on individual seismograph read- 45 Lal. 

; — Falconbridge’s Fraser nickel-copper mine, 
methods. If looking for an ore body with | ings and/or the subjective perceptions of dens; , 1 er . b local f near Sudbury, Ontario, where it was 
a density of at least 3.2, inversion | various observers or local property own- | jceded to economically speed up the ad- 
methods could be applied to gravity data | ers. Greater control over the vibration ef- ae 

ape : ; vance rates of the mine’s underground 
to determine if this was possible, and if | fects during blasting could reduce a drifting. The other design requirement for 

hat was the shallowest possible | variety of problems and improve relations ; a | ic 4 30 ‘th neiehbors 3! the CUB was that it be capable of rapid 
epth. | with neighbors. assembly and disassembly to enable quick 
Vibration Measurement and Con- Vertical Borehole Direction Con- | movement from one job to the next. Dis- 

trol.—Microchips and microcomputers | trol.—An automatic steering device that | assembled, its components were small 
have contributed many sophisticated ad- | gave a reported +0.1% accuracy during | enough to traverse shafts and openings 
vancements in the blasting industry in the | field testing was developed in a joint | of less than 6 feet (2 m) in width. In oper- 
form of electronic timers, accurate caps, | project between Bergbau-Forschung and | ation, the machine’s overall compactness 
complicated blast delay timing schemes, | Schwing Hydraulik Elektronik GmbH & | allowed it to bore curves down to a radius 
laser face measurements, and nonelectric | Co. of the Federal Republic of Germa- | of 85 feet (25 m). In its first application, 

| firing systems, among others. A new tech- | ny. The ZBE 3000 directional drilling | the 8-foot (2.5 m) diameter cutter head, 
nique using miniature computerized seis- | device utilized concurrent rotary drill | including 20 special 18-inch [450 mil- 
mographs, called the Iso-Seismic System, | stem action to provide power for its built- | limeter (mm)] diameter rock disc cutters, 
was developed by Geosonics Inc. of War- | in generator. The internal inclinometer | was to be used to bore through hard rocks 
rendale, PA, to measure vibration trans- | was designed to detect deviations down | of up to 45,000 pounds per square inch 
mission through the subsurface in much | to 1 minute of arc from the vertical, and | uniaxial compressive strength, as are 
greater detail than had previously been | the device was claimed to be effective to | found in many Canadian mines. The high |_ . 
practical to do. All vibration data was col- | a depth of 600 m. The inclinometer | density of the cutter arrangements was 
lected with 100 or more miniature seis- | generated an automatic correction signal | combined with a thrust of reportedly 
mographs, called micro-seis units, each of | in its control circuitry which, in turn, ac- | more than 1.1 million pounds (1/2 million 
which was a self-contained computer | tivated hydraulic clamping cylinders. The | kg). With the addition of a second gripper 
recording device. Following proper oper- | cylinders pushed steering runners against | module behind the standard cutter mod- 
ational programming of all units while | the side of the borehole until true verti- | ule, the CUB was said to be capable of 
plugged into a large main board, the units | cal direction was restored. To monitor the | performing as a boxhole or raise borer. 
were removed and distributed from 100 | system’s position and log data, the ZBE | It could cut steep raises such as inclined 
to 1,000 feet (30 to 305 m) from the blast | 3000 utilized the drilling fluid as the data | ventilation openings, decline ramps, and 
site. After recording 1 to 20 separate deto- | transmission medium. At 5-minute inter- | inclined conveyor drifts. The designers 
nations, this information from the units | vals, information was transmitted as pres- | projected a normal advance rate of a little 
was downloaded through the main board | sure pulses by means of an electronic | more than 3 feet per hour (1 m) and 
to a master computer. Specialized soft- | transmitter. Resultant pulses were fed | anticipated that it would prove to be well 
ware was used to analyze recorded data | into a differential pressure receiver, | suited to many civil engineering 
and the units’ exact locations along with | converted back into electronic signals, | applications.33 
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The Stillwater Mining Co. (SMC) also | The result reportedly was completion of Mobile-Bridge Conveyors.—New 
decided to use a TBM to speed up the | the normal tasks at hand in a most effi- | Mexico Potash Co. added a system of 
development of footwall drifts at its | cient and safe manner. The company | bridge and mobile-bridge conveyors to 
platinum-group metals mine in the Bear- | claimed that its surface systems were | continuous miners at its underground 
tooth Mountains near Nye, MT. In 1986, | responsible for mine production increases | potash operation in New Mexico by link- 
mining commenced at this mine, the first | ranging from 10% to 23%. Recently, | ing the conveyor beltheads directly to its 
and only primary platinum-palladium | Modular completed development of a | mining machines. The Full Dimension 
producer in the Western Hemisphere. To | computerized dispatching system for un- | Continuous Haulage System was devel- 
fulfill recent ambitious expansion plans, | derground mining applications. The sys- | oped by Long-Airdox Engineering Co. of 
the mining company chose mechanized | tem was designed to allow the mine | Mount Vernon, KY, and this mine was 
tunneling for developmental drifts over | manager to control ore-mining and ore- | the first noncoal application of the sys- 
the slower conventional drill-and-blast | hauling equipment from a control console | tem in North America. This system did 
method previously used. A used 4-m | on the surface. The company planned in- | not introduce new technology so much 
diameter Robbins TBM with its original | stallation of what it said was the world’s | as demonstrate the harmonious adapta- 
cutterhead was selected. After cutting | first underground computerized dispatch- | tion of the equipment to a new mining 
two successful drifts while the mine per- | ing system at the Finch Mine in the | situation. Long-Airdox had installed a 
sonnel were learning the use of the new | Republic of South Africa during 1990. | similar system in a bauxite mine in Italy 
equipment, a third drift was cut using a | Political difficulties had slowed down the | four years before. A train of highly 
new cutterhead designed more specifical- | contracting process, and arrangements | mobile, crawler-mounted chain con- 
ly for the hard, mafic gabbro, norite, and | were made through an intermediary com- | veyors replaced New Mexico’s fleet of - 
anorthosite rocks of the mine. The fairly | pany instead of the mine owner, DeBeers | shuttle cars. The chain-type system was 
good performance already achieved im- | Consolidated Mines Ltd. chosen over a similar belted system be- 
proved considerably. A new development ; cause it was more reliable and sturdy, 
drive by a second TBM on the opposite Continuous Haulage though noisier, and it could break up 
end of the mine was soon to open up a Finding a continuous automated alter- | jams better in the potash, which was 
larger mine section with 2,000-ton-per- | native to the traditional drill-and-blast | harder and more dense than coal. The 
day (1814 mt) ore production, double that | mining methods has been an ongoing | new system provided a continuous, unin- 
of the present mine. Stillwater professed | area of research and development efforts | terrupted flow of material from the face 
many advantages of its choice of TBM’s. | for many years. The softer, flatter, and | direct to an artery of the main conveyor 

| The mechanical underground tunneling | more uniform the material, the easier the | haulage system, which then flowed to the 
of footwall laterals was costing one-third | mechanization of mineral extraction | surge bins at the production shaft. 
less than traditional drill-and-blast | machines becomes. Coal is usually a rela- Although application of this technol- 
methods. Less rockbolting was necessary | tively soft and brittle material and can be | ogy was relatively new, the miners found 
on the smoother surfaces of machine- | followed more easily than more typical | that the continuous miner became more 
bored tunnels. The round smooth- | winding and disjointed mineral ore bod- | the limiting factor. Initial use of the sys- 
surfaced tunnel profile improved tunnel | ies because coal is relatively flat bedded | tem reportedly increased productivity 
ventilation. Even more important to Still- | and of uniform thickness. Hence, coal | 30% to 60% over that of traditional 
water, the overall development of the | mining is well suited for the development | shuttle cars, which forced a halt to face 
mine was taking much less time than | of such machines as continuous miners | advance with each shuttle car change. 
similar work had previously taken them. | and longwall shearers. Other minerals, | Further comparative tests showed that a 
The second tunnel, 5,000 feet long (1,524 | which for similar reasons may be appro- | small continuous miner working with a 
m), was driven in 3 month’s time.34 priately recovered by continuous mining | bridge system would out-produce a larger 

. . . technologies, are potash, salt, and trona. | continuous miner working with diesel 
Computerized Equipment Dispatching | Applications of continuous mining equip- | shuttle cars. Personnel levels and ventila- 

During the past decade, Modular Min- | ment for mining these industrial miner- | tion requirements for the two different 
ing Systems Inc. of Tucson, AZ, had been | als have been continually increasing, | systems were about the same. Elimina- 
a major developer of computerized | supported by the same technological ad- | tion of diesel pollutants was compensated 
dispatching systems for surface mining | vancements that have occurred in the | for by the added heat generated by the 

operations. Acceptance of this type of | coal sector. Developing a continuous | continuous miners working long headings 

technology was growing. Modular had | haulage system to complement the new | without stopping. Ambient air tempera- 
completed one-half of its total of 25 sys- | and innovative machines was as much a | ture was 78° F in the underground work- 
tem installations in the past 2 to 3 years. | challenge as designing the continuous ex- | ings, which were 1,650 feet (503 m) below 
With complete real-time knowledge | cavation machines themselves. In recent | the surface. New Mexico Potash oper- 
processed through a central computer, | years, a number of mobile and semi- | ated 10 days straight with two production 
appropriate mining equipment, such as | mobile continuous conveyors and haul- shifts and one maintenance shift per day, 
excavators, loading shovels, haul trucks, | age systems had been developed and followed by 4 days off with . no main- 
and crushers, could be monitored and | successfully installed at mining opera- | tenance except major work. 
controlled. Work duration times for in- | tions. Although often costly, these initial Continuous Trona Production.— 
dividual tasks and current equipment | developments were helping to bring auto- | Stauffer Chemical Co.’s Big Island trona 
locations were communicated and proper | mated mining closer to the totally con- | mine in Wyoming added a continuous 
scheduling executed via digital data radio. | tinuous ideal. haulage system to its continuous mining 
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faces in 1988. The annual percentage of FMC chose the all-electric EDW | workplace and reduce the eye strain of 
ore mined by the continuous miners in- | 450/1100-L double-ended ranging drum | the miner.39 
creased from 2.4 % in 1984 to 13.9% in | shearer. It was supplied by Eickoff Corp., : 
1988. The company was accelerating its | based in Pittsburgh, PA, from the parent | ————___"["DWJJ@/’_—E 
transition to the modernized mining sys- | manufacturing company in the Federal | SURF ACE MINING 
tem and was aiming to achieve 100% of | Republic of Germany, and was the larg-_ | ————____ 
its annual ore production with continu- | est and most technically advanced Novel Electric Detonati 
ous mining methods by 1992. The com- | shearer that the company built. The Over Mieetric etonation 
pany claimed that its successful use of | EDW 450 was capable of cutting seams Preferential use of safer nonelectric 
continuous miners with the added con- | from 7.5 to 11 feet (2.3 to 3.5 m) thick | initiation when blasting continued to be 
tinuous haulage was the result of well- | and this permitted FMC to significantly | increasingly popular, but electric detona- | 
controlled implementation, supportive | increase production in its high (thick) ore | tion remained very common because of 
equipment manufacturer assistance, and | seams. The electric cutting machine | its significant benefits, such as the abil- 
a willingness by mine employees to learn | rolled along on a 410-foot (125-m) con- | ity to check the continuity of the blast- 
and improve on novel mining methods | veyor and was controlled by one miner | ing circuit. This benefit helps ensure 

_ | and technology. This last factor has often | using a handheld remote radio device. | miners of no or fewer hole misfires but 
been cited by mining professionals in this | Whereas FMC pioneered the solution | always causes concerns about radio- 
age of new technologies as one of the | miriing of trona, FMC engineers were not | frequency radiation or stray currents in- 
most critical yet toughest with which to | the first to introduce longwall technolo- | advertently causing premature detona- 
deal. Although new technology, especial- | gy to the Green River area. They were | tions. Nobel Explosives Co. Ltd. of 
ly in the form of large fast-moving | basically reintroducing it and replacing an | Ayrshire, Scotland, the United Kingdom, 
machinery, can be attractive and chal- | old and less powerful machine that be- | developed a new way of stringing 
lenging to miners, it can be very threaten- | came uneconomical to operate several | together electric initiation systems for 
ing to the average worker. Stauffer | years before. That past longwall ex- | multihole blasting. Its Magnadet system, 
claimed that success with the three | perience with the tough trona material | ina modified version, was being used in 
factors previously listed had led to con- | led the company to obtain the maximum | eight surface mines in the United States, 
stantly rising production standards and | weight and power output combination | following previous applications in Euro- 
a more efficient operation. The compa- | that they could buy and still receive good | pean and South African mines. The sys- 
ny believed that the potential for using | service support from the manufacturer in | tem used the electromagnetic property of 
continuous mining methods and equip- | the United States.3’ Longwall equipment | electric flux, the basis for the function- 
ment in similar deposits had been realized | was initially a more expensive capital in- | ing of transformers. Any change of cur- 
in its mining operation.>° vestment than conventional mining | rent in an electric circuit produces an 

. machinery, but this was normally offset | alteration in the magnetic field around it, 
Longwall Mining of Trona by higher yields and increased safety. Ore | and the accompanying change in flux sets 

Longwall shearers also are technologi- | extraction could be more than 80% effi- | up an electromotive force in any circuits 
| cal advancements that owe much of their | cient compared with as low as 50% by | nearby. The Magnadet detonators were 

origin to the coal mining industry. Long- | room-and-pillar methods.38 actually small, frequency-selective trans- 
wall had become the chief mining system formers, which could only be activated 
used throughout Europe for mining | Underground Safety and Comfort effectively by an alternating current blast- 
underground coal deposits. It also ac- Among products developed by manu- | ing machine set within a specific range 
counted for about 30% of deep mined | facturers to make mine conditions better | of high-frequency currents. The company 

| coal from almost 100 installations in the | and safer for the individual underground | reported that a standard direct current or 
United States. FMC Wyoming Corp. in | miner was a new miner’s cap lamp. The | the standard 60-hertz alternating current 
Green River, WY, the largest producer | lamp, promoted as giving 60% brighter | used for main power in the United States 
of trona (sodium sesquicarbonate) in the | illumination than conventional krypton- | would not work. The company also 
world, continued its innovative approach | filled bulb lamps, was offered by MSA In- | claimed that the detonators were immune 
to mining at its southwestern Wyoming | ternational of Pittsburgh, PA. The Ultra- | to radio frequency radiation and could 
trona operation. Trona ore is the natural | light cap lamp system used a tungsten | withstand high electrostatic energy dis- 
material that is processed into soda ash, | halogen bulb and a computer designed | charges, such as those that could be built 
versus soda ash that is synthetically | reflector to maximize light output. More | up on a poorly grounded ammonium- 
produced. Soda ash is a raw material of | than 90% of the light was focused into | nitrate-fuel oil explosive truck. Circuit 
major importance in the manufacture of | an extremely tight prefocused beam. | checks were conducted with a standard 
detergents and glass products. In the | MSA claimed that it consumed less bat- | blasting ohmmeter. According to some of 
spring, FMC reinstituted longwall min- | tery power and ensured brighter output | the U.S. users, the Magnadet system was 
ing of trona in the Green River basin | over a full shift without any reduction in | fairly simple to set up, resulting in over- 
area. This method was added to the al- | bulb life, rated at 300 hours service life. | all blasting costs being comparable with 
ready aggressive use of mechanized, con- | Halogen bulbs, which had become | other systems.*9 
tinuous borer and fixed-drum mining | common in the everyday nonmining . . 
machines in its room-and-pillar operation | world, had brighter light than conven- | EX¢avation Equipment 
and to FMC’s solution mining of some | tional bulbs, and MSA claimed that they Hydraulic Face Shovels and Excava- 
of its deeper ore deposits. would provide better illumination of the | tors.—A Norwegian company, Brown 
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Engineering (Bryne) A/S, introduced sev- | developed to fulfill the demands of | control had both production and miner 
: eral hydraulic face shovels and excava- | steeper open pit operations, more | health and safety benefits. In mining as 

tors, which they redesigned for more | cramped surroundings (land relief or ex- | well as in most other vocations, the new 
efficient and economical operation. | isting buildings), or other situations call- | science of ergonomics (engineering and 
Brown used the prior proven superstruc- | ing for a curvy and rolling route to the | design influenced by human factors) was 
ture, powerplant, hydraulic systems, and | dropoff point. Many mining operations | going well beyond the art of designing 
boom arrangements of its wheeled face | shifted to the increasingly popular and | comfortable office chairs. Ergonomics 
shovel machines and propelled them on | commonly more economical practice of | conscious companies were recognizing 
new tracked undercarriages for greater | in-pit crushing. Much more finer grained | the importance of designing sophisticated 
overall stability as well as digging stabil- | material than before had to be moved to | equipment to fit the cognitive, psycholog- 
ity. A new speed-sensing power control | the grinding mill and processing plant, | ical, and sensory requirements of its users. 
hydraulic system was the adaptation | and conveyors, overall, were the least | Removing the miner from the many 
which, the company claimed, considera- | expensive route. Various innovative con- | dangers associated with mining was a 
bly increased the hydraulic efficiency of | cepts had been used in their development, | priority. These dangers and problems in- 
the newly tracked machines. Also, its | such as wide belts progressively envel- | cluded loud noise, small quantities of 
dual speed range control system made it | oped by idlers into an enclosed pipe struc- | respirable dust, and simple tension- 
possible to change between high- and low- | ture and doubled “sandwich” belt systems | producing vibrational discomforts, as well 
speed ranges while in full operation. | that could convey materials at angles of | as the more dramatic fire, roof falls, and 
Brown claimed that savings of up to 50% | up to 90° vertically. unsafe mechanical equipment. 
had been recorded, compared to One of the newest steep-angle con- | 
machines of a similar production ca- | veyor systems, the Hurise system, was | Growth of In-Pit Crushing 
pacity. A tracked backhoe version was | developed by Huwood Conveyors of the 
offered with hard-rock capabilities, and | United Kingdom. The system was Approximately 140 mobile and semi- 
the new machines followed the current | designed to operate between a 20° and | mobile in-pit crushing units for surface 
trend toward increased automation with | 70° inclination uphill or downhill and | mines and quarries were installed or put 
fully automatic centralized lubrication | had a rated capacity of 800 metric tons | on order from 1956 through 1987, and 
systems for easier and more reliable | per hour of material sized at one-third | interest in them continued to grow. The 
maintenance.*! belt width. According to the company, | first mobile crushers were introduced in 

_ ; the design incorporated two new concepts | the limestone-cement industry in the 
manors eel power chovel dove be in material handling of this sort—a mov- | 1950’s in the F ederal Republic of Ger- 
lieved to be the world’s largest, was re- | IN8 bed chain elevating conveyor and a | many, and even in the late 1980's most 
cently produced by the New Jersey-based torsion bush chain design. The system large-scale, mobile and semimobile crush- 
Amalloy Corp. The dipper weighed consisted of a troughed conveyor belt ing plants were designed or built by West 
97,000 pounds (214,000 kg) and had a | Joining in parallel operation with a chain German manufacturers. Krupp Indus- 
nominal capacity of 34 cubic yards (26 | Conveyor at the feed section. Scoops or trietechnik and O&K Orenstein & Kop- 
cubic m). The initial unit was produced paddles attached to the chain conveyor pel dominated the market. The vast 
by Amalloy’s Amsco foundries in Quebec | Were profiled to the shape of the troughed majority of all installations were in quar- 
and Manitoba, Canada, and was in use belt, and when running in unison the | ries producing limestone for cement or 

‘| at a southwestern U.S. copper mine. paddles propelled the material up the con- other rock products. Interestingly, some 
Three more were in production at the | VeYor or held it in place when running | 16 of the total installations had through- 
Quebec plant. According to the company, downhill. The main haul section could be | put capacities in excess of 3,500 mt per 
new design refinements, including a wider lengthened or shortened by adding or hour, and they were almost exclusively 
lip, revised lip angle, shorter lip-to-door | ‘Moving 5-m modular design structure | in coal and metal mines for crushing 
distance, and a reduced back angle, sections. Before discharge, the two con- | ore and overburden. Most large units 
increased power shovel efficiency. Other | V°YOrs parted company on a normally flat were semimobile, only 2 of the 16 largest 
features, such as an arched back and an to shallowly inclined section (up to 18°, | being fully mobile. In the previous 2 
unloading door opening that was larger after which the main troughed belt sec- | years, many of the important new or 
than the front opening, reportedly in- tion continued to the discharge point. soon-to-be-completed installations world- 
creased the effective maximum load Runback was prevented by using a series | wide were in copper or gold hard-rock 
capability of the dipper. Amalloy main- of intermediate brakes, and loading could open pit mining operations. Crushing 
tained that the new design changes take place on the incline as well as at any units potentially could be gyratory, 
reduced or eliminated empty spots, al- place along the system’s length. Huwood | impact, twin-roll, or Jaw crusher systems, 
lowed more rapid emptying, and in- added the extra touch of fully remote- but all of the recent installations pre- 
creased the unit’s anticipated wear life.42 controlled operation. 4° viously referred to used or would use 

The increasing use of remote control | large gyratory crushers. Gyratory 
Steep Incline Conveyor by addition to standard machinery, as | crushers were normally selected for big 

well as more research into complete | installations because of an unrivalled 
Several newly developed high-angle | remote operation of various mining pro- | capacity for crushing the hardest rock, 

and versatile ore conveyance systems | cedures, were evergrowing trends in | but, in softer overburden and coal, the 
were brought on the market in the past | efforts to develop new technologies and | increasing use of roll crushers was 
few years. In some instances, they were | advanced mining methods. Use of remote | anticipated.44 
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Sizer-Style Roll Crusher.—New design | an innovative, self-propelled in-pit | controlled mine water distribution from 
principles were expected by some experts | crusher, that could be easily moved to the | storage sites large distances from each 
to play an increasing role in in-pit crush- | broken ore on its tracked chassis, and | other. Use of this remote-controlled sys- 
ing machines. A size-reduction principle | after crushing be backed away from the | tem was claimed to be the first such 
was used in a new roll crusher introduced | new mine face for subsequent blasting. | application of the developing communica- 
by Mining Machinery Developments | When linked to a series of mobile con- | tions technology in a mining situation. 
(MMD) of England, United Kingdom. | veyors, the need for a fleet of haul trucks | Microwave was chosen over cable be- 
MMbD incorporated some functions of a | was eliminated. One such operation was | cause of the constantly changing mine 
sizer machine into a roll crusher and ob- | working successfully in the United King- | contour, the distances which needed to 
tained size reduction by a combination of | dom at ARC Ltd.’s Silverdale stone quar- | be covered, and past experiences with 
shear and tensile forces. This resulted by | ry in Cumbria, England. ARC reached | wireline equipment that was repeatedly 
applying more precisely directed breaking | the point of excessive haulage costs with | damaged by lightning. Additionally, a 
forces and fewer indiscriminate forces | its fixed primary crusher and had related | pole line carrying coaxial cable around 
typical of similar machines. Rock was | expansion problems resulting from en- | the pit would need to be more than 
crushed by means of twin, inwardly ro- | vironmental restrictions. Lokomo’s local | 15,000 feet long, and this was beyond the 
tating shafts. On these were mounted a | subsidiary, Lokotrack, Nordberg (U.K.) | maximum range of the regulating I/O 
series of toothed rings fitted with less cost- | Ltd.; the English mobile conveyor | driver regulating equipment. In one seg- 
ly, replacable wear caps. Large-size teeth | manufacturer, B&W Mechanical Han- | ment, a single 5,900-foot-long transmis- 
in special configurations were rotated at | dling Ltd.; and ARC together developed | sion medium was needed to reach across 
low speeds to reduce wear and facilitate | a system that they believed had the | a corner of the extensive pit. The PLC 
the handling of wet and sticky materials | potential to cut operating costs by up to | I/O system automated, in a series arrange- 
without buildup or stalling. The tooth | 40%. The system comprised a Lokotrack | ment, water distribution from the mine’s 

_and roller units were designed to require | model 125, which was a track-mounted, | three storage sites to suit the mine’s raw 
no prescreening of undersized material | diesel-powered primary crushing unit | water needs. Communications reliability 
and to act like a rotating screen to direct | with a capacity ranging from 250 to 400 | was essential because of limited water 
passage of that material through the | mt per hour. The unit discharged directly | supplies that served the needs of the ex- 
machine. Material to be broken was in- | to a pair of B&W self-propelled mobile | tensive mining operation. For example, 
troduced to the teeth in such a manner | conveyors developed specifically for | one of the three water storage sites only 
as to take advantage of the low tensile | the Silverdale operation. These were | provided 4 to 6 hours of the normal daily | 
strength of rock. The company claimed | conventional except for their wheel | mine consumption, so proper scheduling 
that higher capacities and reduced power | arrangements which, with 270° rotation | of water transfers from the three sites was 
consumption was the result. Roll crush- | capability, allowed a high degree of | necessary. Phelps Dodge Morenci instru- 
ers, because of their relatively small | mobility. The wheel technology used in | mentation electricians, using available 
weight and size, were well suited to | large loading conveyors at shipping ports | components, designed and installed the 
mobile or semimobile installations, and | made this possible. At Silverdale, the total | system.47 
output from them was considered respect- | time taken for placement of the crushing 
able. After first being introduced in rock | and conveying equipment was about 20 | 
quarries, they were also used in several | minutes in each direction. In the first 9 | REMOTE MINING 
open pits, including coal mines in Aus- | months of operation, ARC reported oper- ) ————______ CCST 
tralia and in crushing kimberlite in | ating cost savings of about 8%. Primary 
diamond mines in the Republic of South | units could be equipped with either im- | Government Research 
Africa. pact or jaw crushers, and secondary and In Situ Leaching.—The Bureau of 

Mobile Crushing and Conveying.— | ‘€ttiary gyratory crushers could be added | Mines proceeded with work on a variety 
Semimobile, cellular constructed, in-pit | t© the system. Since first developed in | oF new and advanced mining methods to 

| crushing units, have brought primary | 1289, Lokomo had supplied more than | make underground mining safer, to make 
crushing stations to the mine site and | 100 Lokotrack units to operators in | economic those ore bodies that were pre- 
helped streamline many open pit and | “different parts of the world. A fully | yiousiy of too low a grade or too deeply 
quarrying operations. However, as the | Tmote-controlled model was under devel: | buried, and to increase productivity in a 
mine faces advance farther away from | OPment that would enable the operator | time of growing worldwide competitive- 
the unit, ore haulage distances to the | Of the loading machine also to supervise | ness. The Bureau continued work on two 
crusher eventually necessitate moving the | the operation of the crusher. | methods that offered the most promise 
unit. The smaller the mine the more crit- Mi Remote Control for significant success: in situ leaching, 
ical the purchase or relocation of such Icrowave Kemote Vontro and a variation of the same, underground 
equipment can be. The execution of such A microwave communications system | stope leaching. For more detail, see the 
moves, though usually well-planned and | was used to tie a programmable logic con- | Mining and Quarrying Trends chapter in 
kept to a minimum, requires an expen- | troller (PLC) to its remote input/output | the 1988 Minerals Yearbook. 
sive delay in the running of an operation | (I/O) modules at the large open pit copper Beyond initial applications to uranium 
that includes constructing suitable foun- | mine of Phelps Dodge Morenci Inc. in | mining, the majority of recent research 
dations for new semifixed installations. | Morenci, AZ. The microwave system | and pilot project work, both public and 
Lokomo Crusher Works of Finland | was needed to permit a centrally located | private, had been on copper deposits. 
developed its line of Lokotrack crushers | PLC to communicate over rough terrain | During 1989, the Bureau initiated a re- 
to address this problem. The result was | to the I/O regulating panels. These units | search project to investigate the technical 
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and economic feasibility of applying in | processing would likely be accomplished | be used with such a system to control the 
situ leaching technology to the mining of | by a complex computer system. cutting. Researchers believed that, in the 
domestic manganese deposits. Laboratory Continuous miner guidance work was | long run, multiple sensor systems would 
column leaching experiments were con- | divided into lateral and vertical systems. | be needed and that data would require 
ducted using iron-manganese ores in | Lateral referred to positioning the | computer filtering to indicate the best 
which manganese recoveries ranged from | machine laterally within the open space | estimate of either the location of adjoin- 
70% to 90%, while removing only 10% | of an entry, and vertical referred to keep- | ing strata or coal or mineral deposit 
to 30% of the iron. The ores started as | ing the machine within the coal or ore | thickness.4? 
18 to 50 weight percent iron and 5 to 18 | body. Lateral navigation, most important . 
weight percent manganese. Experiments | in the face area, required sensing systems | Dredging 
were also conducted on several ore types | to rapidly provide machine location coor- Throughout the world, long-established 
from domestic manganese deposits in Ar- | dinates, machine heading, and also the gold alluvials were being reworked, and, 
izona, Minnesota, and Nevada. Better | location of obstacles, such as ribs, face, | in many countries, small-scale miners 
definition of the dissolution and complex- | and corners. The machine guidance sys- | were using basic, rudimentary methods. 
ation reactions were to be sought for each | tem under development used multiple | Although gold was the most glamorous 
ore type. These experiments provided in- | laser-based scanners for determining posi- placer associated with placer mining, it 
put for the development of an in situ min- | tion and heading angle. The range of the | was by no means the only one. All the 
ing process for manganese oxide ores. | laser scanner could be increased by using | world’s mineral sands came from alluvi- 
Work was to continue in 1990 with drill | a more powerful laser and more sensitive | a] deposits as did much of the world’s tin. 
cores and site-specific field data from two | detectors. The laser system, with gyro- | Alluvial material mining methods were 
manganese deposits.*® scopes and a flux-gate compass, both | also used to mine phosphate, potash, salt, 

Ongoing Automation Research.—A | ™Ounted on the continuous miner, were | and other industrial minerals. Alluvial 
fully automated continuous miner or | being individually evaluated for perform- | mining was essentially a low-grade and 
other mechanized mining process was be- | 20¢e and accuracy. Control and analysis high-capacity business, and the dredge 

lieved to be at least 20 years in the future. | Sftware was also being developed. Ultra- | was its workhorse.°° 
The removal of the miner from the | SONIC ranging techniques were being in- | yredger Control System.— Among 
dangers of the mine concurrently with | Vestigated for determination of rib and | ceveral sophisticated monitoring and con- 
the development of cost-effective, effi- | CONCave-convex corner positions. A | tro} systems for dredgers was the Survey 
cient, and more productive and profitable | thorough investigation of ultrasonic rang- | and Dredge Control System (SDC), devel- 
mining procedures were the ultimate | 8 transponders was completed that in- | ned by Meconaut Ltd. of the United 
goals. Novel technologies brought into | “cated response levels to real mine | Kingdom. The system was designed to 
the mine gradually meet with less resist- | SUtaces. Because of known limitations in | ¢yyy integrate survey information and 
ance than quick introductions because of | the individual sensor systems, future | pecuitant positioning and functional con- 
the sometimes slow pace of human ac- | S¢nsor-based machine guidance would re- | t+] for ore-layer dredging with bucket- 
ceptance of the new. The similar rate of | quire data integration between all of a | wheel dredgers. The company maintained 
current technological progress would like- | ™4chine’s systems and the utilization of | that the SDC could accurately and auto- 
ly ensure that new technology would not | the most accurate readings to update | matically control the dredging of soil 
be introduced any more quickly. The | ‘ferences used by other systems. Verti- layers as defined by the survey system 
Bureau of Mines progressed with projects | C4! control developments centered around | that it incorporated. Meconaut produced 
in computer control and automation of | the detection of fundamental properties | four systems of increasing performance 
continuous miners and roof bolters, the | Of the strata. Sufficient advances had | sange that were designed for cutter dredg- 
development and application of expert | Occurred in technologies used to discrim- | ers hut could be applied to cuttingwheel 
systems, and the development of various | te between differing electrical signals, | aq bucketwheel machines as well. The 
machine guidance systems. Computer | Such as those generated by accelerome- | system used a standard hardware- 
systems and software would be the means | t¢fs that measure machine vibration or | software survey package installed on a 
of emulating the human operator’s | Seismic variations between coal or ore | survey launch to produce bathymetric 
capabilities. Bureau scientists took a prac- | body and the adjoining strata. The | charts and cross-sections of the under- 
tical approach to advanced automation. | Bureau was investigating whether the | water area being excavated. Borehole 
A machine operator’s tasks were ex- | differences in these vibrational signals | data could be integrated with this data to 
amined to identify the research and devel- | Were significant and consistent enough to | determine ore layers. When dredging, all 
opment topics critical to the development | allow detection of the adjoining strata | necessary data were used by the dredge 
of an intelligent mining machine. Re- | and subsequently signal the machine to | control computer to guide the cutting 
searchers observed that an operator had | make adjustments in cutting height. wheel over the selected path and dredg- 
to guide a cutting machine tool within an Another area of active investigation | ing profile using the machine’s position- 
ore seam or body following a plan that | was in the use of an infrared camera that | ing system. One of the most sophisticated 
could be altered by local conditions and | displayed in different colors differences in | versions included the Automatic Wheel- 
events. Those key words, guide, machine, temperatures,at the cutting surface. Re- | dredger Controller (AWC), which could 
within ore, plan, and altered provided | cent experiments had shown that there | adapt its control to varying soil and other | 
guidance for automation development | could be a: detectable difference in | irregular conditions. It monitored all 
work. Tying all these functions together | cutting-bit and dust temperature even | functions, displayed them on a screen 
was the challenge that scientists faced, | with the use of water sprays. A system | with setpoints, and could be manually 
and this data gathering and information | to constantly monitor video images could | overridden. System design features 
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included the capability to calculate the | them. The cost of downtime for such a | progressively improve at the same time 
quantity of energy used for each cubic | large mill was significantly greater than | as knowledge did. Expert systems had 
meter of dredged material and the total | that of one of two smaller machines. | been implemented at the copper- 
energy used during a chosen time | Some of the benefits of larger mills were | molybdenum Brenda Mine in British 
period.>! — lower capital costs per unit of through- | Columbia, Canada, and Outokumpm 

Deepwater Dredge.—An interesting | Put and, in the case of autogenous (AG) | Oy’s Pyhasalmi concentrator in Finland, 
development in deepwater dredging came | 20d SAG mills, the elimination of second- | where they had enhanced efficiency and 
from Alluvial Mining Ltd., United King- | ty and tertiary crushing. Overall, main- | standardized operating procedures for 
dom, in the form of the Tramrod, a | tenance costs and media consumption | different operators and shifts. For large 
remote-controlled seabed dredging vehi- | Were lower, and generally, fewer opera- | mills, controls based on grinding models 
cle capable of operating at depths of 100 | tors were required. Operating-cost savings | and expert systems were thought likely 
m or more. A prototype was used in 1988 | Were reported to be as high as 30%. AG | to increase in importance. Computer de- 
to level the seabed around an oil platform | 22d SAG milling reportedly was gaining | sign techniques and gearless wraparound 
in the North Sea. The company reported | 19 popularity, both for high-tonnage oper- | motors were instrumental in dealing with 
that in 1989 the same machine, with | ations and increasingly for moderately | two old constraints over building larger 
modifications, had begun successful ex- | Sized plants of 3,000 metric tons per day | mills: certain restricting mechanical fac- 
perimental trials of seabed mineral min- | °F less, especially where wet, sticky, high- | tors and the large amount of power that 
ing in the United States. Tramrod was a | Clay ores were encountered.°° needed to be applied.>4 
tracked vehicle that was designed to scour | _ There were disadvantages to the large | Cyn mninution Symposium.—The Cam- 
and clean up bedrock in conditions where | Machines. Their enormous size meant | Kore School of Mines of Cornwall, 
standard cutter dredges could not oper- that they needed to be optimally (amply) | United Kingdom, sponsored the Interna- 
ate. It reportedly could negotiate rough loaded to take full advantage of their tional Comminution Symposium» at 

terrain and slopes greater than 45°. The | ¢Conomues of scale and produce the most | which some of the field’s latest develop- 
. vehicle was controlled from the surface, | Consistent product. Less than optimal | ments and future needs were presented. 

and its progress was monitored by two or | loading results in varying throughputs | 4 variety of new technologies were dis- 
three underwater television cameras. The | With possible attendant changes in ore | cyssed along with some concerns about 
suction head consisted of a special jet | hardness and sizing. Variations in | the direction in which research was 
pump that sucked material from the | throughput and product size could have | headed. Despite its importance, commi- 
seabed and pumped it to the surface. | 2dditional deleterious effects on down- | nution generally was still regarded as a 
Alluvial claimed that Tramrod could | Stream processing. With AG and SAG | relatively inefficient process consuming 
handle solids of up to 250 millimeters in | Mulls, far greater adjustment of feed ton- | much energy and materials and often 
diameter at throughputs from 40 to 200 | "age was necessary to avoid overgrind- | generating an abundance of untreatable 
cubic meters per hour, depending on the | ing of soft ores and undergrinding of hard | fines. One of the major aims of current 
materials.52 ores as grindability changed. Proper | research and development work in this 

circuit control was important to manag- | field was to reduce the high operating 
ing these problems and crucial to send- | costs of comminution. The energy needed 

BENEFICIATION ing the most suitable feed to downstream | for the grinding circuits of base metal 
———$$$$________________—__ | separation steps. The simplest controls | concentrating plants was estimated to be 

. oe adjusted feed rates and water additions | about 50% of the total cost. 
Developments in Comminution to maintain an optimum throughput, but Another concern at the symposium 
New Technologies-Larger Mills.—In | more sophisticated controls were being | was the limited focus of ongoing research 

recent years, steady progress had been | designed to calculate economic recover- | and Development on comminution 
made in the development of more ad- | ies. With sophisticated controls, an oper- | processes. According to one view, mineral 
vanced milling machinery. Technological | ator could determine the interaction of | industry research too often sidestepped a 
developments in basic design, adaptations | throughput, recovery, concentrate grade, | most important objective of comminu- 
of large wraparound motors, and new | andsales relationships to arrive at a com- | tion: to liberate minerals from each other 
manufacturing techniques resulted in the | bination of throughput and grind sizing | at their boundaries, as well as to reduce 
building of ever-larger mills. The world’s | within the operating constraints that | ore to the desired particle size with limited 
largest mill, an 11.25-megawatt, 36-foot- | would maximize revenue. fines. Relatively few current efforts were 
diameter by 15-foot-long (10.97-m by Development of expert systems was | said to be aimed in this direction. Con- 
4.57-m), semiautogenous grinding (SAG) | still in its infancy, but some initial systems | ventional methods separated one miner- 
unit was being installed in the El Teniente | were making their debut. Unlike their | al from another relatively inefficiently, if 
copper processing plant in Chile. Other | predecessors, “black box” microproces- | at all in many cases, owing to the in- 
recent similar installations included three | sors, the systems were designed to be in- | discriminating breakage process. A few 
34-foot-diameter SAG mills of equal | terrogated at any -time, enabling the | notable exceptions were presented in 
length at the Bingham Canyon Copper | operator to follow the decisionmaking | papers, including one. called the Snyder 
Mine in Utah and two of the world’s larg- | process and test and alter the control | process and several other methods involv- 
est ball mills at a plant in the U.S.S.R. | strategy while this accumulating work ex- | ing electric and ultrasonic energy that 
These new mills were being designed and | perience was being stored into memory. | were attempting to concentrate the break- 
manufactured to far more stringent reli- | Thus, interaction between operator and | age energy at the mineral crystal bound- 
ability standards than those that preceded | machine allowed the control logic to | aries. The Bureau of Mines had shown 
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that microwaves could produce thermal | circuits. Considerable research was being Sound Wave Separation.— Acoustical | 
stresses in ores, forming microcracks be- | done on the simulation of machines and | methods were being used in the U.S.S.R. 

| tween mineral grains. Microcracking at | circuits as an aid to design and optimiza- | to develop a new process for cleaning 
these interfaces improved the liberation | tion, and simulation was viewed as being | gravel. Acoustical enclosure devices or 
of mineral values from host rock, which | possibly the most important future use of | “belts” were used to encircle a slurry pipe- | . 
could significantly reduce costs, but use | the computer in mineral processing. Ex- | line using the sound waves to loosen clay 
of microwaves in processing was not ex- | pert systems, as previously noted, were | particles clinging to the individual gravel 
pected to reach commercial application | undergoing development in various | bodies. 
before the turn of the century. Some of | mineral industry applications, including 
these innovative processes had not been | comminution, although practical applica- | Flotation 
accepted by industry because of their | tions were still limited.°’ Before actual Col Flotati The ab f 
high capital and operating costs and the | plant control, expert systems first had to olumn Fiotation.— ihe absence 0 
difficulty so far in adapting them to high | be proven by means of computer simula- | Clumn flotation cells at many mineral 
throughput continuous operation. Inade- | tion runs. An expert supervisory system concentrating facilities Was partly the 
quate mineral liberation leads to higher | prototype was developed by one group of | TCSult of the physical difficulty of accom- 
energy consumption, because finer grind- | scientists to use in simulating the opera- modating the tall though very efficient 
ing is necessary to achieve an adequate | tion of a mineral crushing plant. The “in. | Cl’mns. Successful trials with a new, 
degree of liberation. Another undesirable | telligent” supervisor extended the limits small prototype column flotation unit 
outcome of finer grinding is the produc- | of the automatic plant operation in most | Wet completed at the Mount Isa lead: - 
tion of ultrafine slime particles, which | of the situations where the operator form- zine-silver mine in Australia. The inven 
may not be recovered in the downstream | erly took control of the plant and guided | '% 4 r roressor N om Australia’s saver 
concentration process. This was reported | it manually. The supervisor was designed Nt or Newcast . in conjunction vit 
to be a particularly serious problem in the | with modular characteristics to allow im- IM Holdings Ltd., Australia, subse- 
hard-rock tin ores, such as those found | provements in future stages of control, in- | TUently CO development o d he 
in Cornwall, United Kingdom, where up | cluding modification of the existing Jonauve cell. In Otten pnt ca k 5 © 
to 30% of the mined tin mineral cas- | heuristics (a machine’s “self-adjusting” he unit MIM 1 i I qi 0 flat cune 
siterite was sometimes lost as fines. problem-solving techniques based on pre- the unit, * planned Installations at 

. , vious decisions or steps), improvements several of its lead-zinc mines and a fine 
Rare-Earths Processing.—Late in the in the knowledge base, and powerful in- coal recovery operation. Although almost 

year, the University of Australia, in coop- terfacing of alternative information.58 twice the height of original design, the 
eration with the Australian companies new Jameson cell was only 2 m high, and 
Carr Boyd Minerals and Ashton Mining | Separation total pulp retention time was reported to 
Ltd., claimed that an innovative process Superconduction Technology.—In be a mere 2 minutes. Because of the small 
for the refinement of the lanthanides (rare 1986. the J.M. Huber kaolin processing size, installation cost savings were 
earths) had been developed. Through a plant in Wren. G A. was the first commer. projected for foundation preparation and 
university research program, the devel- cial user of super con duction technology building height needs. Air was “induced” 
opers used mechanical means to process in its high-gradient magnetic separator rather than blown into the pulp, and the 
high-purity metal oxides as opposed to (HGMS) system, installed by Eriez Mag- total power requirement for the elevation 
traditional, expensive treatments using netics of the Unite d Kingdom. Because and injection of feed pulps was claimed 
chemicals. The new process reduced ox- the production capacity and eas e of use | ‘© be only about 50% of that required for 
ides directly to metals and alloys without exceeded their expectations, Huber had all purposes on tall columns. MIM 
any heating or melting. Metals and alloys a second machine with d ouble the ca- professed that the Jameson cell had sig- 
were milled from their respective raw pacity installed in 1989 and a third one nificantly lowered cleaning cell flotation 
oxide state ina high-energy ball mill. Ac- ordered for 1990 delivery. The supercon- costs more than any other cell they had 
cording to the university, the proves’ was ducting HGMS was very efficient be- found available. 

much cheaper than conventiona C fal cause it avoided the incremental energy | Spray Flotation.—Application of a 
cal techniques (w len require Carell! | costs of conventional water-cooled spray flotation system from AFT Inc. of 
blending and high temperatures), and systems and reportedly used no electricity | Cleveland, OH, was expanded beyond its 
yielded a purer product. Carr Boyd, with to maintain the magnetic field after | initial use with coal recovery from coal 
exclusive wore heensing nienis to the startup. The new HGMS superconductor | waste into other mineral separations 
Western  nustralia Mount Weld "Mine could be powered up to its full 20,000 | where selectivity and recovery of fine 

gauss in 60 seconds, which meant there | minerals was important. The Sprayfloat 
Project, ath of the nienest rave-earih was less downtime between batches | cell system was an alternative to conven- 
deposits in the world, with a pre ne 17%) than with similar conventional systems. | tional subaeration flotation cells and, ac- 
resource of 6.2 megatons grading * Eriez continued research efforts to find | cording to the company, required less 
rare earths and yttrium, including I.7 | other successful applications for the new | than one-half the plant floor space of an 
megatons grading a full 26%. energy-saving technology. Potentially, | equivalent capacity subaeration system at 

Computer Simulation.—One of the | any process where the removal of | about one-half the horsepower. The 
major advances in comminution was ob- | paramagnetic impurities was critical | process began with the primary feed be- 
served to be in the computer control and | could be an application for a similar | ing sprayed onto the surface area of the 
computer simulation of comminution | device.°? primary product recovery section of the 
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cell. Particles that did not float initially Portable Processing. —KCA was not | (AMMS), was developed by the Bureau 
were drawn out and sent back to a second | new to modular plant design. It was one | of Mines Denver Research Center. It was 
recycle spray, which created secondary | of several companies worldwide that | designed to concurrently detect, record, 
bubble generation and provided a second | produced small “self-contained” gold | and locate energy release relative to long- 
chance for product flotation. Particles | processing plants. KCA had introduced | wall mining operations. Following more 
that did not float were directed to the tail- | a line of portable carbon adsorption | extensive use in the field and the accumu- 
ings discharge as waste or on to a rougher | recovery plants for the processing of gold- | lation of data and inherent resulting data 
cell, and the cleaned product was directed | bearing solutions, incorporating the most | patterns, the system had the potential to 
to a froth collection tank. The system | recent process technology, 2 years previ- | be used to provide a warning to miners 
could be operated with companies’ exist- | ously. These plants were trailer-installed | at the face of imminent rock bumping or 
ing chemistry packages and feed solid | and could be made operational in a short | bursts before they could occur. The 
streams. It was initially tested in the | time. Additionally, these modular units | AMMS continuously monitored signals 
laboratory with success on minerals such | could be joined together to handle larger | received via cable from up to 16 geo- 
as copper, gold, molybdenum, nickel, and | flow rates. This type of plant was advan- | phones. These were mounted along the 
phosphates. Further development and | tageous for short-term, low-capital | headgate and tailgate entries of the long- 
field testing indicated that the system was | projects and would possibly retain value | wall panel and continuously moved with 
applicable to a variety of other minerals. | because of portability. Additionally, KCA | the advancing face. The system evaluated 
A Sprayfloat mobile pilot plant was be- | designed its plants to be operated in re- | regions of intense microseismic activity 
ing transported to various existing con- | mote areas.°2 to quickly locate or anticipate bumps and 
centrators, such as a placer gold operation | bursts. The system was installed at a 
in British Columbia, Canada, to deter- | —-—_----_--__--_______ | western coal mine and was undergoing 
mine potential applicability to commer- | HEALTH AND SAFETY field evaluation and further development 
cial concentrate streams. Significant | ————"———————————_ | aimed at functionally improving it. A 
success was claimed when AF'T’s system Safety Data real-time graphical display for overlaying 
was applied to feed streams that con- _ _ sources of microseismic activity on mine 
tained very fine particles or agglomerated | Preliminary injury and employment | maps was being programmed, and a 
materials.°! Statistics compiled by the Mine Safety | method of generating graphical hardcopy 

| and Health Administration (MSHA) for | from more accurate digital geophones 
Modular Design 1989 showed that mine fatalities in the | was being developed. Waveforms cap- 

On-Site Cyanide Production.—By | Nation's metal and industrial mineral | tured during monitoring were to be 
some latest estimates, Nevada accounted | mines hit a historic low of 48 deaths. This | analyzed for indications of the type of 
for about 55% of U.S. sodium cyanide | was | less than the previous record low | physical action creating the seismic 
consumption, about 100 million pounds | Of 49 that occurred in both 1986 and | source. Also, intentionally generated 
(45,359,240 kg). Though not yet disrup- | 1988. All pre-1989 numbers are final | active seismic sources would be used in 
tive, a progressively growing supply | tabulations. The same data showed that | conjunction with tomographic analysis to 
shortage had considerably escalated the | the average number of employees in- try to delineate anomalous ground struc- 
price of cyanide. Much of this need was | creased by about 3.55%, less than the | tures and stress concentrations in and sur- 
the result of extensive growth in the min- | 5.97% average increase in 1988, but | rounding the active mining areas.® 
ing of surficial low-grade gold ore | almost twice that of the 1.86% increase | Overall, the Bureau’s microseismic | _ 
deposits, brought on by advances in heap- | Of 1987. In another preliminary survey, | research program had three goals: (1) to 
leaching technologies and fair to good | respectable gains in metal mining employ- | acquire a basic understanding of burst 
gold prices. A process designed to lower | Ment was shown to be partly offset by a | mechanisms and precursors to events; (2) 
costs was developed by the firm Kappes, | Slight decline in the industrial minerals | to improve failure forecasting prevention 
Cassiday, & Associates (KCA), of Sparks, | Mining sector. From the MSHA data, | and control capability; and (3) to archive 
NV. The company claimed that the proc- | employee hours were shown to increase | and interpret microseismic data. 
ess would allow end users to manufacture | by an early estimate of 1.5% after 1988's 
their own cyanide on-site as required at | strong upward turn of 6.42%. Total | Safe Air Underground 
a substantially lower cost than manufac- | reported injuries increased for the fourth | Jpnovative Ventilation Control.— 
turers were charging. KCA’s first new | Consecutive year, climbing to about 7.76 | Sometimes a relatively simple and prac- 
modular cyanide-producing plant was | per 200,000 employee hours, up from a | tical solution can be most effective when 
completed near Reno, NV, before year- | 7.57 rate for 1988 and 6.32 in 1987. The | dealing with a serious problem. A simple 
end and was reportedly capable of pro- | rate of nonfatal injuries requiring lost | air control device based on fundamental 
ducing 1,000 pounds (455 kg) of sodium | worktime was virtually the same. Almost | pressure principles was developed by 
cyanide daily for use in heap leaching in | 4.35 of such injuries occurred per 200,000 | research scientists at the Bureau of Mines 
the recovery of precious metals. Another | ¢mployee hours in 1989 versus 4.33 for | Pittsburgh Research Center for maintain- 
similar but larger plant was undergoing | 1988. All figures include independent | ing adequate escapeway ventilation dur- 
construction by other companies in the | contractors. ing mine fire evacuation. During a fire 
active gold-mining area near Winne- . oy .. , that occurs by the working sections, such 
mucca, NV, with the expectation that the | Microseismic Activity Monitoring as in a beltway, air intake escapeways can 
new plants would lessen the supply A new monitoring system, the Auto- | quickly become contaminated with 

shortage. mated Microseismic Monitoring System | smoke and fumes and endanger human 
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life. There is little to stop significant | and measure temperature and relative | dust producing processes for direct 
amounts of air from leaking back into the | humidity. The unit could measure oxy- | measurements. 7 
stopings, especially with erratic air cur- | gen and inflammable gas concentrations Cleaner Diesel Research.—In the 
rents that the fire’s heat can help to gener- | as well as the toxic gases: CO, hydrogen ; h ‘ ae ee spring, the Department of Energy saw 
ate. Scientists compared this to water | sulfide, sulfur dioxide, chlorine, and nitro- arr ar tests by major diesel manufacturers in the 
running through a hose with small cuts | gen dioxide. Depending on which of | United States and Switzerland. which 
in it. Relatively low water pressure Oc- several models was used, presentation of showed that coal-fueled diesel engines 
curred at the leaking holes until the end | results ranged from immediate on-unit : ; , oe rao , oe produced less than one-half the nitrogen 
was capped. If in a similar manner fresh | liquid crystal display to future viewing of | oxides that resulted from conventional 
intake air could be strategically blocked, | the data with a programmed analysis of | giesel engi The D a 

. : . gines. Lhe Department commit 
_ air pressure might be raised high enough | it on a personal computer after transfer ted over $4 million to several companies 

at the ends of adjacent drifts to “deflect” | of data stored in the unit’s electronic | ; ; ar. Inc... “ : , including Caterpillar, Inc., of Peoria, IL, 
contaminated air down the return airway. | memory. Up to 30 hours of continuous | j5 develo | sas-fired diesel engi p a coal gas-fired diesel engine. 
Researchers took a specially sewn | exposure for all measured gases could be | The De ’ | ; partment’s Energy Technology 
20-foot-diameter parachute and attached | recorded and evaluated. Two of the | Center said that an acceptabl \-fuel ; oe ptable coal-fueled 
it to the roof of a mine air intake tunnel. | models could be programmed to sound | 4; , , : diesel would likely be ready for use in 
The parachute was rolled out of its pack | alarms when various instantaneous, | jrycks. trains. and factories by 1993.6 

. . e . . . 9 9 y ° 

downwind to let the incoming air inflate | threshold limit and short-term exposure Wap os ; ; the chute. The chute b ck. | limit val hed. 6 Caterpillar’s version involved the instal 
c . neck C the , caked. a ae "| Hmit values were reacned. lation inside a locomotive of several 

that chee “ic aa t ca ir pre SS | Respirable Dust Detection.—Elec- | gasifier-like vessels which would process 
“h vntake utickly climbe 4 IT nit was tronics again provided the means for | about 35 pounds (16 kg) of coal per 

mM ef © In t c Loa lia C at. ed, and il Was | several innovative, compact dust mon- | minute to fuel the gas-fired diesel. After 
su veatl mi va  erati of eon . or itoring devices. One was the 1.5 pound | being subjected to high pressures but 
fa greally the a; ‘teak The smo 7 nd (0.68 kg) HFM-1 dust meter, made by | moderate gasification temperatures in the 
fumes into the air intake. Ihe ute € and | GSA Gesellschaft of the Federal Repub- | vessels, the coal would react with steam 
highly effec Pein fie ean c vee Were | Jjic of Germany. It was designed to instan- | and air to produce a modified ignition- 
des ye sana in le Tene at lour UN- | taneously measure dust levels in the | assisted diesel engine.®? 
henntak coal mines. M1 Oey eae range of 0.1 to 100 milligrams per cubic 

| e mn . pressure went up rr a - | meter, depending on dust type, and sub-. Spontaneous Combustion Protection 

A and the ved for a dite c oc One © | sequently show the results on its light- A range of infrared thermal imagery 
4 N00 ane On a Fethoe fi d out | emitting diode (LED) display. The | cameras were adapted by Osprey Elec- 
“d ha ( ; m). Furt "a Ie d tests HFM-1 made use of sophisticated micro- | tronics Ltd., of Scotland, United King- 

and a lormal report were planned. processors combined with infrared light | dom, to detect heat buildup and 
Personal Air Monitor.—In many un- | scattering techniques. The company | spontaneous combustion sources in 

derground fire situations, such as when | claimed that use of this device in mine | underground mining operations and coal 
miners have not learned of additional fire | dust surveys could reveal the real sources | stockpiles. The cameras were also used to 
locations, they do not know when to don | of dust problems and show how effective | locate electrical and mechanical faults in 

self-rescuers to protect themselves from | current dust control measures were | process plant and other equipment. In the 

hazardous quantities of toxic gases such | without the use of slower, bulkier tradi- | latter regard, the United Kingdom certi- 

as carbon monoxide (CO). Usually miners | tional equipment such as sample pumps. | fied camera was intended to augment 

do not carry the instrumentation neces- | The unit was convenient and could pin- | other machine condition monitoring 

sary to detect toxic, colorless, and odor- | point equipment, systems, or operations | devices currently in use in mines. The 

less CO. For this purpose, a personal-size | that were causing the major increases in | equipment was designed to detect very 

CO alarm prototype called Pemcoal was | dust levels. Up to 1,600 dust level meas- | small temperature differences that show 

developed by the Bureau of Mines. The | urements could be stored for later recall | loss of insulation, heat buildup in rotating 

small Pemcoal unit could be carried on | on the LED display or for direct transfer | machinery, and overheating in process 

a miner’s belt, had a flashlamp visual | to a personal computer for further anal- | modules. It was intended for use in pre- 

alarm and a disk sensor that changed | ysis or comparative studies with previous | maintenance monitoring checks of 

color with reaction to CO. Pemcoal was | dust surveys. machinery in motion to help reveal incip- 

tested to concentrations of 1,000 parts per Bergauforschung GmbH, also from the | ient faults. 7 

million of CO, from 5° to 40°C, in con- | Federal Republic of Germany, developed . . . 

junction with several potential mine gas | a continuous long-term recorder for Health and Safety Training Via Satellite 

interferents. The unit alarm times were | respirable fine dust and aerosol con- MSHA began televised transmission of 

sufficiently fast to warn miners before ex- | centration logging. Measurement was | its safety and health programs through 

posure to hazardous quantities of CO | based on the photoelectrical measure- | the Agency’s Mine Health and Safety 

could occur. ment of light scattered by respirable dust- | Academy in Beckley, WV. This provided 

Another belt-worn personal air moni- | size particles at defined angles and optical | mining industry personnel who had 

tor was developed by Neotronics Ltd. of | wavelengths. Environmental (room) | satellite reception capabilities access to 

the United Kingdom. The Exotox was an | light did not affect readings owing to | unscrambled, satellite-delivered, inter- 

electronic instrument, weighing just over | the instrument’s optical and electronic | active broadcasts of appropriate miner 

1.5 pounds (0.68 kg), that was designed | filtering systems. The unit could be | training programs with no user fee or site 

to simultaneously detect up to five gases | integrated into the control system of | license fee charges. MSHA believed the 
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broadcasts were an effective tool for com- l7Hodcroft, A, J.T. and J McM. Moore. Remote Sens- wy, peineeting ene Mining Journal. Microwave 

panies and others to use in improving | yet season Pamiine Eaton Tony Min gues Coles Wat No.9 1985 4-4 
their accident, injury, and illness Preven: '8Qst, L. Studying the Earth From Space. News | May 1990, pp. 470-471. 
tion programs. The interactive features | Report—National Research Council, v. 39, No. 8, Aug- | “Engineering and Mining Journal. USBM Research— 
gave viewers an immediate forum for Sept. 1989, p. 13. | Targeting Automation in Mining and Processing, authored 
their questions. They could call a dis- Geotimes. News Notes—In Brief. V. 35, No. 3, Mar. by staff, BuMines. V. 190, No. I, Nov. 1989, pp. 56-38. 
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. icrolight Aircraft. Min. Mag. (London), v. , NO. 3, uttill, K. K. Grinding Mills—New Technology Is 
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TABLE 1 

| MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES, BY TYPE 

(Million short tons) | 

| Surface Underground All mines! 

Type and year Crude Waste Total! Crude Waste Total! Crude Waste Total! 
ore ore ore 

Metals: 

1984 420 614 1,030 57 10 67 476 624 1,100 

1985 | 411 499 911 48 9 57 459 508 968 | 

1986 418 615 1,030 52 7 59 470 622 1,090 

1987 489 825 1,310 43 6 49 532 83] 1,360 

1988 777 951 1,730 31 6 37 808 957 1,760 

Industrial minerals: | 

19842 1,060 286 1,340 40 — 4) 1,100 287 1,390 

1985? 1,260 450 1,710 54 2 56 1,320 452 1,770 

19862 1,130 380 1,510 34 | 35 1,160 380 1,540 

1987? 1,430 452 1,880 77 78 1,510 453 1,960 

1988? 1,210 366 1,580 34 (4) 34 1,250 366 1,610 

Total metals and industrial minerals:! 

1984 1480 901 2,380 97 1] 108 1,570 912 2,490 

1985 1,670 950 2,620 102 1] 113 1,770 961 2,740 

1986 1,550 995 2,540 86 7 93 1,630 —— 1,000 2,630 

1987 1,920 1,280 3,200 120 7 126 2,040 1,280 3,320 

1988 | | 1,990 1,320 3,310 65 6 72 2,050 1,320 3,380 

IData may not add to totals shown because of independent rounding. 

*Crushed and broken and dimension stone data were not available for 1984, 1986, and 1988 because of biennial canvassing. 

3Includes industrial sand and gravel. Construction sand and gravel data were not available for 1985 and 1987 because of biennial canvassing. 

*Less than 1/2 unit. 

TABLE 2 — 

MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES! . 
IN THE UNITED STATES IN 1988, BY COMMODITY 

(Thousand short tons) 

Surface Underground All mines? 

Commodity Crude Waste Total? Crude = Waste _—Total Crude Waste Total? 
ore ore ore 

METALS 

Bauxite 1,220 W 1,220 — — — 1,220 — 1,220 

Copper 236,000 336,000 572,000 4,060 W 4,060 240,000 336,000 576,000 

Gold: 

Lode 160,000 394,000 553,000 3,560 1,340 4,890 163,000 395,000 558,000 

Placer 15,000 17,900 33,000 — — — 15,000 18,000 33,000 

Iron ore 201,000 130,000 331,000 W W W 201,000 130,000 331,000 

Lead W W W 7,270 3,400 10,700 7,270 3,400 10,700 

Molybdenum 140,000 — 140,000 W W W 140,000 W 170,000 

Silver 13,900 35,100 49,000 3,950 462 44] 17,900 35,500 53,400 

Other 3 10,100 37,500 47,600 12,500 899 13,400 22,600 38,400 61,000 
| Total metals? 777,000 951,000 1,730,000 31,300 6,100 37,400 808,000 957,000 1,760,000 

See footnotes at end of table. 
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TABLE 2—Continued 

MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES! 
| IN THE UNITED STATES IN 1988, BY COMMODITY _ 

(Thousand short tons) . 

Surface Underground All mines 

Commodity Crude Waste Total” Crude Waste Total? Crude Waste Total? 
ore ore ore 

INDUSTRIAL MINERALS ) 
Abrasives* 124 W 124 Ww — Ww 124 W 124 
Barite 445 — 445 — — — 445 — 445 

Clays 49,100 42,400 91,800 82 1 83 49,200 42,700 91,900 
Diatomite 1,250 2,530 3,770 _ — _ 1,250 2,530 3,770 
Feldspar 715 — 715 — _— — 715 — 715 
Gypsum 12,600 W 12,600 3,650 W 3,650 16,200 W 16,200 
Mica (scrap) 143 — 143 ~— — — 143 — 143 

Perlite 546 96 642 5 — 5 551 96 646 
Phosphate rock 187,000 311,000 498,000 W _ W 187,000 311,000 498,000 
Potassium salts — — — 13,500 W 13,500 13,500 W 13,500 

| Pumice® 444 Ww 444 — — — 444 Ww 444 
Salt | 2,430 W 2,430 11,400 W 11,400 13,800 W 13,800 
Sand and gravel 952,000 — 952,000 ie — — 952,000 — 952,000 
Sodium carbonate (natural) W — W 11,100 — 11,100 11,100 ~ 11,100 

Talc, soapstone, pyrophyllite 1,280 W 1,280 86 W 86 1,360 W 1,360 
Vermiculite 1,760 W 1,760 — —_— — 1,760 W 1,760 
Other 1,620 9,930 11,600 5,460 180 _5,640 7,080 10,100 17,200 

| Total industrial minerals” 1,210,000 366,000 1,580,000 40,100 181 ~~ 40,300 -~—1,250,000 366,000 ~—_—1,620,000 
Grand total? 1,990,000 1,320,000 3,310,000 71,400 ~=—«6,280-~—« 77,700 +~—»2,060,000 + —+'1,320,000 + —+3,380,000 

W Withheld to avoid disclosing company proprietary data; included with “Other.” 

‘Excludes materials from wells, ponds, or pumping operations. 

Data may not add to totals shown because of independent rounding. 

Includes beryllium, magnesium, mercury, platinum-group metals, tin, titanium (ilmenite), uranium, zinc, and metal items indicated by symbol W. 
‘Includes abrasive stone and millstones. 

>Excludes volcanic cinder and scoria. 
®Includes aplite, boron minerals, graphite (natural), iron oxide pigments (crude), kyanite, magnesite, marl (greensand), sodium carbonate (natural), and industrial minerals indicated by symbol W. 

TABLE 3 

MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES! 
(INCLUDING SAND AND GRAVEL) IN THE UNITED STATES IN 1988, BY STATE 

(Thousand short tons) 

Surface Underground All mines2 

State Crude Waste Total’ Crude Waste Total? Crude Waste Total’ 
ore . ore ore 

Alabama W 1,910 1,910 — — — W 1,910 1,910 
Alaska 27,600 14,400 42,000 — W W 27,600 14,400 42,000 
Arizona 272,000 179,000 451,000 97 61 158 272,000 179,000 452,000 
Arkansas 10,500 10,700 21,200 — — — 10,500 10,700 21,200 
California 173,000 66,200 239,000 170 63 233 173,000 66,200 239,000 
Colorado 25,300 6,530 31,800 6,410 417 6,830 31,700 6,940 38,600 
Connecticut 8,540 W 8,540 —~ — — 8,540 W 8,540 
Delaware 1,930 — 1,930 — — — 1,930 — 1,930 
Florida 194,000 260,000 454,000 — — — 194,000 260,000 454,000 
Georgia 22,000 9,800 31,800 W 1 | 22,000 9,800 31,800 
See footnotes at end of table. 
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TABLE 3—Continued | 

MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES! 
| (INCLUDING SAND AND GRAVEL) IN THE UNITED STATES IN 1988, BY STATE 

| (Thousand short tons) 

Surface Underground All mines? 

State Crude Waste Total’: Crude = Waste _— Total? Crude Waste Total? 
ore ore ore 

Hawaii 657 — 657 — — — 657 — 657 

Idaho 16,300 27,100 43,400 658 366 1,020 16,900 27,500 44,400 

Illinois 34,900 361 35,300 W — W 34,900 361 35,300 

Indiana 27,400 992 28,400 W — W 27,400 992 28,400 

Iowa 13,700 387 14,100 WwW — W 13,700 387 14,100 

Kansas 11,500 553 12,000 1,640 — 1,640 13,100 553 13,700 

Kentucky 7,400 934 8,330 — — — 7,400 934 8,330 

Louisiana 16,600 327 17,000 W — W 16,600 327 17,000 

Maine 10,200 W 10,200 — — — 10,200 W 10,200 

Maryland 19,700 343 20,000 — —_— — 19,700 343, 20,000 

Massachusetts 22,300 WwW 22,300 — — — 22,300 W 22,300 

Michigan 108,000 57,600 166,000 5,110 WwW 5,110 114,000 57,600 171,000 

Minnesota 186,000 73,700 260,000 — — — 186,000 73,700 260,000 

Mississippi 14,500 1,040 15,600 — — — 14,500 1,040 15,600 

Missouri 13,800 1,550 15,300 8,190 3,160 11,400 22,000 4,710 26,700 

Montana | 45,700 49,700 95,400 3,170 665 3,840 48,900 50,300 99,200 

Nebraska 11,500 | 206 11,700 — — — 11,500 206 11,700 

Nevada 138,000 277,000 414,000 59 310 369 138,000 277,000 415,000 

New Hampshire 9,110 W 9,110 Se — — 9,110 W 9,110 

New Jersey 20,300 W 20,300 — — — 20,300 WwW 20,300 

New Mexico 59,800 130,000 190,000 13,700 145 13,800 73,500 130,000 - 204,000 | 

New York 35,100 529 35,600 3,990 142 4,130 39,100 671 39,700 

North Carolina 28,300 44,100 72,400 — — — 28,300 44,100 72,400 

North Dakota 3,900 W 3,900 — — — 3,900 W 3,900 

Ohio 51,600 3,240 ~ 54,800 W — W 51,600 3,240 54,800 

Oklahoma 13,500 660 14,200 — — — 13,500 660 14,200 

Oregon 15,800 326 16,100 — W W 15,800 326 16,100 

Pennsylvania 21,900 1,250 23,200 — — — 21,900 1,250 23,200 

Rhode Island 1,900 — 1,900 — — — 1,900 | — 1,900 

South Carolina 16,700 4,190 20,900 — — — 16,700 4,190 20,900 ; 

South Dakota 10,800 16,800 27,600 W WwW W 10,800 16,800 27,600 

Tennessee 10,100 3,870 14,000 W W W 10,100 3,870 14,000 

Texas 58,200 9,910 68,100 W — W 58,200 9,910 68,100 

Utah 94,500 49,600 144,000 561 38 599 95,100 49,600 145,000 

Vermont 6,350 oo 6,350 — — — 6,350 — 6,350 

Virginia 14,400 1,000 15,500 W — W 14,400 1,000 15,500 

Washington 32,100 401 32,500 W W W 32,100 401 32,500 

West Virginia 2,450 229 2,670 — — — 2,450 229 2,670 

Wisconsin 26,400 — 26,400 — — — 26,400 — 26,400 

Wyoming 6,610 8,020 14,600 5,200 W 5,200 11,800 8,020 19,800 

Undistributed 16,100 2,070 18,200 22,500 912 23,400 38,600 2,990 41,600 

Total? 1,990,000 1,320,000 3,310,000 71,500 6,280 77,700 2,060,000 1,320,000 3,380,000 

W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 

‘Excludes material from wells, ponds, or pumping operations. 

“Data may not add to totals shown because of independent rounding. 
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TABLE 4 

VALUE OF PRINCIPAL MINERAL PRODUCTS AND BYPRODUCTS OF SURFACE 
| AND UNDERGROUND ORES MINED IN THE UNITED STATES IN 1988 | 

(Value per ton) 

Surface Underground All mines” 

Ore Principal By- Principal By- Principal By- 

Mineral __ product Total mineral product Total mineral product Total 
product product product 

METALS 

Bauxite $8.67 W $8.67 — — — $8.67 WwW $8.67 

Copper 13.99 $0.94 14.93 $14.31 $0.66 $14.98 14.00 $0.93 14.94 

Gold: 

Lode 20.51 1.77 22.28 ~~ 27.91 7.01 34.92 20.76 1.94 22.07 

Placer 4,82 01 4.82 — — — 4.82 01 4.82 

Iron ore 7.71 WwW 7.71 W W W 7.71 .03 7.71 

Lead } WwW WwW W 35.63 24.47 60.10 35.63 24.47 60.10 

Molybdenum 2.39 — 2.39 W — WwW 2.39 — 2.39 

Silver 6.46 6.67 13.13 23.12 15.49 38.61 10.07 8.58 18.65 

Average! 11.48 88 12.36 35.47 = 72.54 43.00 12.66 1.21 13.86 

INDUSTRIAL MINERALS | 

Abrasives? 40.64 W 40.64 W — W 40.64 W 40.64 

Barite 34.88 — 34.88 — — — 34.88 — 34.88 

Clays 27.96 48 28.44 30.75 2.02 32.77 27.96 48 28.45 

Diatomite 187.70 — 187.70 — — — 187.70 — 187.70 

Feldspar 16.49 22.76 39.25 — — — 16.49 22.76 39.25 

Gypsum 6.70 — 6.70 5.84 WwW 5.84 6.50 W 6.50 

Mica (scrap) 47.57 — 47.57 — — — 47.57 — 47.57 

Perlite 17.30 — 17.30 30.57 — 30.57 17.39 — 17.39 

Phosphate rock 3.82 — 3.82 W — W 3.82 — 3.82 

Potassium salts — — — 16.31 — 16.31 16.31 — 16.31 

Pumice? 10.03 — 10.03 — — — 10.03 — 10.03 

Salt 20.46 WwW 20.46 14.60 W 14.60 15.64 W 18.40 

Sand and gravel 3.69 — 3.69 — — — 3.69 — 3.69 

Talc, soapstone, pyrophyllite 1.61 19.05 20.66 W W WwW 1.61 19.05 20.66 

Vermiculite 17.42 — 17.42 — - = 17.42 — 17.42 

Average! 5.18 .06 5.24 19.85 IT 20.82 5.56 .08 5.64 

Average, metals and industrial minerals! 7.38 35 7.72 27.84 4.33 32.17 8.07 .48 8.56 

Average, metals and industrial minerals 

(excluding sand and gravel)! 10.89 67 11.56 27.75 4.32 32.07 11.97 9] 12.88 

W Withheld to avoid disclosing company proprietary data. 

Includes unpublished data. 

“Includes abrasive stone and millstones. 

3Excludes volcanic cinder and scoria. 
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TABLE 5 

CRUDE ORE AND TOTAL MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES 

IN THE UNITED STATES IN 1988, BY COMMODITY : 

(Percent) 

Commodity Crude ore Total material 

Surface Underground Surface Underground 

METALS 

Bauxite 100.0 — 100.0 — 

Copper 98.3 1.7 99.3 0.7 

Gold: | 

Lode 97.8 2.2 99.1 9 

Placer 100.0 — 100.0 — 

Iron ore 1100.0 Ww 1100.0 | W 

Lead W *100.0 Ww *100.0 

Molybdenum | | 1100.0 W 1100.0 WwW 

Silver 77.9 22.1 91.7 8.3 

Average? 96.1 3.9 97.9 2.1 

INDUSTRIAL MINERALS 

Abrasives? 1100.0 W 1100.0 W : 

Barite | 100.0 — 100.0 — 

Clays 99.8 2 99.9 1 

Diatomite 100.0 — 100.0 — 

Feldspar 100.0 — ~~ 100.0 oo 

Gypsum 77.5 22.5 81.8 18.2 

Mica (scrap) 100.0 — 100.0 — 

Perlite 99.2 8 99.3 7 
Phosphate rock 1100.0 W 1100.0 WwW 

Potassium salts — 100.0 — 100.0 

Pumice? 100.0 — 100.0 — 

Salt 17.5 82.5 17.5 82.5 

Sand and gravel 100.0 — 100.0 — 

Sodium carbonate (natural) W 2100.0 WwW 2100.0 

Talc, soapstone, pyrophyllite 93.7 6.3 93.6 6.4 

Vermiculite 100.0 — 100.0 | — 

Average? 97.3 2.7 97.9 2.1 

Average, metals and industrial minerals? 96.8 32 97.9 OO 

W Withheld to avoid disclosing company proprietary data; included with “Surface” or “Underground.” 

Includes underground; the Bureau of Mines is not at liberty to publish separately. 

“Includes surface; the Bureau of Mines is not at liberty to publish separately. 

3Includes unpublished data. 

4Includes abrasives stone and millstones. 

Excludes volcanic cinder and scoria. 
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| TABLE 6 

CRUDE ORE AND TOTAL MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES 
IN THE UNITED STATES IN 1988, BY STATE 

(Percent) 

State Crude ore Total material 

Surface Underground Surface Underground 

Alabama 1100.0 W 1100.0 W 
Alaska 100.0 — W *100.0 
Arizona : 100.0 — 100.0 — 
Arkansas 100.0 — 100.0 — 

California 99.9 0.1 99.9 1.1 
Colorado 79.8 . 20.2 82.3 17.7 | 
Connecticut 100.0 — 100.0 — 
Delaware 100.0 — 100.0 — | 
Florida 100.0 — 100.0 — 
Georgia | 1100.0 WwW 1100.0 W. 
Hawaii 100.0 — 100.0 — 
Idaho 96.1 3.9 97.7 2.3 
Illinois 1100.0 W 1100.0 W 
Indiana 1100.0 WwW 1100.0 Ww 
Iowa 1100.0 WwW 1100.0 W 
Kansas | 87.5 12.5 88.0 12.0 
Kentucky 100.0 — 100.0 — 
Louisiana 1100.0 W 1100.0 W 
Maine | 100.0 — 100.0 — 
Maryland | 100.0 — 100.0 — 
Massachusetts 100.0 — 100.0 — 
Michigan 95.5 4.5 1100.0 W 
Minnesota 100.0 — 100.0 — | 
Mississippi 100.0 — 100.0 — 
Missouri 62.7 37.3 37.4 42.6 
Montana 93.5 6.5 96.1 3.9 
Nebraska 100.0 — 100.0 — 
Nevada 100.0 — 99.9 1 
New Hampshire 100.0 — 1100.0 WwW 
New Jersey 100.0 — 1100.0 WwW 
New Mexico 81.4 18.6 93.2 6.8 
New York 89.8 10.2 89.6 10.4 
North Carolina 100.0 — 100.0 — 
North Dakota 100.0 — 100.0 — 
Ohio 1100.0 W 1100.0 W 
Oklahoma 100.0 — 100.0 — 
Oregon 100.0 — 1100.0 W 
Pennsylvania 100.0 — 100.0 — 
Rhode Island 100.0 — 100.0 — 
South Carolina 100.0 — 100.0 — 
South Dakota 1100.0 W 1100.0 W 
Tennessee 1100.0 WwW 1100.0 W 
Texas 1100.0 W 1100.0 W 
Utah 99.4 6 99.6 4 

See footnotes atend of table. 
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TABLE 6—Continued : | 

CRUDE ORE AND TOTAL MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES 

IN THE UNITED STATES IN 1988, BY STATE 

| (Percent) | 

State Crude ore — Total material 

Surface ~ Underground Surface Underground 

Vermont , 1100.0 W 1100.0 W 

Virginia | : 1100.0 W 1100.0 WwW 

Washington 98.4 1.6 | 98.1 | 1.9 

West Virginia 100.0 = 100.0 — 
Wisconsin 100.0 — 100.0 — 

Wyoming 56.0 | 44.0 1100.0 WwW 

Average? 96.8 3.2 97.9 2.1 

W Withheld to avoid disclosing company proprietary data; included with “Surface.” 

l includes underground; the Bureau of Mines is not at liberty to publish separately. 

“Includes surface; the Bureau of Mines is not at liberty to publish separately. 

"Includes unpublished data. : 

TABLE 7 | 

NUMBER OF DOMESTIC AND INDUSTRIAL MINERAL MINES! 
_ IN THE UNITED STATES IN 1988, BY COMMODITY | 

Total Less 1,000 10,000 100,000 1,000,000 | More 

Commodity number than to to to to than 
of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 

mines tons tons tons tons tons tons 

METALS | 

Bauxite 5 ] — | 3 = — 

Copper 24 3 2 2 1 5 11 

Gold: 

Lode 138 16 5 31 46 38 2 

Placer 26 4 5 9 4 4 — 

Iron ore 20 — 1 6 2 4 7 

Lead 1] l — ] 6 3 — 

Molybdenum 8 — — — 1 2 5 

Silver 21 6 3 2 5 5 — 

Others’ 34— 10 4 14 3 — 
Total 287 4] 19 56 82 64 25 

INDUSTRIAL MINERALS 

Abrasives? 15 8 1 6 — — — 

Barite 14 — 7 5 2 — — 

Clays 984 38 342 450 153 l — 

Diatomite 12 — ] 6 5 — — 

Feldspar 13 — | 10 2 — — 

Gypsum 63 1 2 17 42 1 — 

Mica (scrap) 15 ] 8 6 — — _ 

Perlite 9 — 3 4 2 — — 

Phosphate rock 32 — — l 9 14 8 

Potassium salts 6 — — ] — 5 — 

Pumice* 16 — 7 7 2 — — 

Salt 20 — 2 4 8 6 — 

See footnotes at end of table. 
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| TABLE 7—Continued 

NUMBER OF DOMESTIC AND INDUSTRIAL MINERAL MINES! 
IN THE UNITED STATES IN 1988, BY COMMODITY 

Total Less 1,000 10,000 100,000 1,000,000 More 
Commodity number than to . to to to than 

of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
mines tons tons tons tons tons tons 

Sand and gravel 5,804 88 805 2,720 2,068 122 ] 

Sodium carbonate (natural) 5 — — — ] 4 — 

Talc, soapstone, pyrophyllite 28 3 5 15 5 — — 

Vermiculite 5 ] — 2 ] 1 — 

Other? 4 2 6 l l — 
Total 7,055 142, 1,188 3,260 2,301 155 9 

Grand total 7342 = «183. «1,207 3,316 2,383 219 34 
lExcludes wells, ponds, or pumping operations. 

“Includes beryllium, magnesium, manganese, mercury, molybdenum, platinum-group metals, rare-earth metals, tin, titanium (ilmenite), uranium, and zinc. 
includes abrasive stone and millstones. 

4Excludes volcanic cinder and scoria. 

Includes aplite, boron minerals, fluorspar, greensand (marl), iron oxide pigments, kyanite, magnesite, pyrite, and wollastonite. 

| TABLE 8 | , 

TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL! MINES 
IN THE UNITED STATES IN 1988, IN ORDER OF OUTPUT OF CRUDE ORE 

me 

Mine State Operator Commodity Mining 
| method | 

, METALS 

Morenci Arizona Phelps Dodge Corp. Copper Open pit. 

Bingham Canyon Utah Kennecot, Utah Copper Div. do. Do. 

Smokey Valley Nevada Round Mountain Gold Corp. Lode gold Do. 

Pinto Valley Arizona Pinto Valley Copper Corp. Copper | Do. 

Minntac Minnesota USX Corp. Iron ore Do. 

Chino New Mexico Phelps Dodge Corp. | Copper Do. 

Sierrita | Arizona Cyprus Sierrita Corp. do. Do. 

Hibbing Taconite Minnesota Pickands Mather & Co. Iron ore Do. 

Hoyt Lakes do. LTV Steel Co. Inc. do. Do. 

Empire Michigan Empire Iron Mining Co. do. Do. 

Bagdad Arizona Cyprus Bagdad Copper Co. Copper Do. | 

Continental | Montana Montana Resources Inc. do. Do. 

Tilden Michigan Tilden Mining Co. Iron ore Do. 

Tyrone New Mexico Phelps Dodge Corp. and Burro Copper Do. 

San Manuel Arizona Magma Copper Co. do. Do. 

National Pellet Project—Itasca Minnesota Hanna Mining Co. , Iron ore Do. 

Thunderbird do. Oglebay Norton Co. do. Do. 

Sleeper Nevada AMAX Gold Inc. Lode gold Do. 

Ray Arizona ASARCO Incorporated Copper Do. 

Inspiration do. Cyprus Miami Mining Co. do. Do. 

Zortman-Landusky Montana Pegasus Gold Inc. Lode gold Do. 

Mission Arizona ASARCO Incorporated Copper Do. 

Eisenhower do. do. do. Do. 

Green Cove Florida Associated Minerals Corp. Titanium Dredging. 

Monorca Minnesota Inland Steel Mining Co. Iron ore Open pit. 

See footnotes at end of table. 
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TABLE 8—Continued | 

TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL! MINES 

IN THE UNITED STATES IN 1988, INORDER OF OUTPUT OF CRUDE ORE 

Mine State Operator Commodity Mining 
method 

INDUSTRIAL MINERALS? 

Suwanee Florida Occidental Chemical Agricultural Products, Inc. Phosphate rock. Open pit. 

Kingsford do. International Minerals & Chemical Corp. do. Do. 

Ft. Green do. Agrico Chemical Co. do. Do. 

Noralyn do. International Minerals & Chemical Corp. do. Do. 

Haynsworth do. American Cyanamid Co. | do. Do. — 

Swift Creek do. Occidental Chemical Agricultural Products, Inc. do. Do. 

Lee Creek North Carolina Texasgulf Chemical Co. do. Dredging. 

Ft Meade | Florida Mobil Mining and Minerals Co do. Open pit. 

Payne Creek do. Agrico Chemical Co. do. Do. 

Hookers do. W.R. Grace & Co. do. Do. 

4 Corners | do. do. do. Do. 

Clear Spring do. International Minerals & Chemical Corp. do. Do. 

Sun Valley California CalMat Co. of California Sand and gravel. Dredging. 

_ | Rockland Florida U.S. Agri-Chemicals Corp. Phosphate rock. Open pit. 

International New Mexico © International Minerals & Chemical Corp. Potassium salts. Stopes. 

Irwindale California United Rock Products Corp. Sand and gravel. Dredging. 

Perkins do. A. Teichert & Son Inc., Teichert Aggregates do. Do. 

Radum do. Koppers Co., Kaiser Sand and Gravel do. Do. 

Azuza do. Owl Rock Products Co. do. Do. 

Durbin do. CalMat Co. of California do. Do. 

Big Island Wyoming Stauffer Chemical Co. of Wyoming Sodium carbonate Stopes. 

Jordanel Utah Torno American Inc. Sand and gravel. Dredging. 

Irwindale California Symons Corp., Livingston Graham Inc. do. Do. 

Silver City Florida Estech General Chemical Corp. Phosphate rock. Open pit. 

Steilacoom Washington Lone Star Northwest Sand and gravel. Dredging. 

lExcludes brines and materials from wells. 

2Crushed and broken and dimension stone were not available in 1988 because of biennial canvassing. 

TABLE 9 | 

| TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL! MINES 
IN THE UNITED STATES IN 1988, IN ORDER OF OUTPUT OF TOTAL MATERIALS HANDLED 

a 

Mine State Operator Commodity Mining 
method 

METALS 

Tyrone New Mexico Phelps Dodge Corp. Copper Open pit. 

Morenci Arizona do. do. Do. 

Bingham Canyon Utah Kennecot, Utah Copper Div. do. Do. 

Smokey Valley Nevada Round Mountain Gold Corp. Lode gold Do. 

Pinto Valley Arizona Pinto Valley Copper Corp. Copper Do. 

Empire Michigan Empire Iron Mining Co. Iron ore Do. 

Goldstrike Nevada Barrick Goldstrike Mines Inc. Lode gold Do. 

Hoyt Lakes Minnesota LTV Steel Co. Inc. Iron ore Do. 

Hibbing Taconite do. Pickands Mather & Co. do. Do. 

Minntac do. USX Corp. do. Do. 

See footnotes at end of table. 
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| TABLE 9—Continued , | 

TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL! MINES 
IN THE UNITED STATES IN 1988, IN ORDER OF OUTPUT OF TOTAL MATERIALS HANDLED 

SSE 

Mine State Operator Commodity Mining 
method 

Bagdad Arizona Cyprus Bagdad Copper Co. : Copper _ Open pit. 

| Ray do. ASARCO Incorporated : do. Do. 

Inspiration do. Cyprus Miami Mining Co. do. Do. 

Chino New Mexico Phelps Dodge Corp. do. Do. 

Sierrita Arizona Cyprus Sierrita Corp. do. Do. 

| Continental Montana Montana Resources Inc. do. Do. 

Sleeper Nevada AMAX Gold Inc. Lode gold | Do. 

Jerritt Canyon do. Freeport-McMoran Gold Co. do. Do. 
| National Pellet Project—Itasca Minnesota Hanna Mining Co. Iron ore Do. 

Candelaria Nevada Nerco Metals Co. © Silver Do. 
Tilden Michigan Tilden Mining Co. Iron ore Do. 

Mercur Utah Barrick Mercur Gold Mines Inc. Lode gold Do. 

Golden Sunlight Montana Golden Sunlight Mines Inc. do. Do. 

McCoy and Cove Nevada Echo Bay Mining Co. do. Do. 

| Mesquite California Goldfields Mining Co. do. Do. 

INDUSTRIAL MINERALS? 

Suwanee | Florida Occidental Chemical Agricultural Products, Inc. Phosphate rock. Do. 

Ft. Green do. Agrico Chemical Co. do. Do. . 

Lee Creek North Carolina Texasgulf Chemical Co. do. Dredging. 

Kingsford Florida International Minerals & Chemical Corp. do. | Open pit. 

Haynsworth do. American Cyanamid Co. do. Do. 

Clear Spring | do. International Minerals & Chemical Corp. do. Do. 

Noralyn do. do. do. Do. 

Payne Creek do. . Agrico Chemical Co. do. Do. 

_ | Ft Meade | do. Mobil Mining and Minerals Co do. Do. 

Hookers — do. W.R. Grace & Co. do. Do. 

Swift Creek do. Occidental Chemical Agricultural Products, Inc. do. Do. 

Ft Meade do. Gardinier Inc. do. Do. 

Gay Idaho J.R. Simplot Co. do. Do. 

4 Corners Florida W.R. Grace & Co. do. Do. 

Watson do. Estech General Chemical Corp. do. Do. 

Sun Valley California CalMat Co. of California Sand and gravel. Dredging. 

Henry Idaho Monsanto Co. Phosphate rock. Open pit. 

Silver City Florida Estech General Chemical Corp. do. Do. | 
Caribou complex? Idaho Conda Partnership do. Do. 

Vernal Utah Chevron Resources Co. do. Do. 

Rockland Florida U.S. Agri-Chemicals Corp. do. Do. 

Hardee do. C.F. Mining Corp. do. Do. 

International New Mexico International Minerals & Chemical Corp. Potassium salts. Stopes. 

Irwindale California United Rock Products Corp. Sand and gravel. Dredging. 

Perkins do. A. Teichert & Son Inc., Teichert Aggregates do. Do. 

lExcludes brines and materials from wells. 

*Crushed and broken and dimension stone were not available in 1988 because of biennial xancassing. 

3Includes Champ, Mountain Fuel, and Maybie Canyon mines. 
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TABLE 10 

ORE TREATED OR SOLD PER UNIT OF MARKETABLE PRODUCT AT SURFACE 

AND UNDERGROUND MINES! IN THE UNITED STATES IN 1988, BY COMMODITY 

Surface Underground Total? 

, Ratio of Ratio of Ratio of 
Ore Market- units of Ore Market- units of Ore Market- units of 

Commodity treated able ore to treated able ore to treated able ore to 

(thousand product unitsof (thousand product units of (thousand — .product units of 
short (units) market- short (units) market- short (units) market- 

| tons) able tons) able tons) able 

product product product 

METALS . 

Bauxite thousand long tons 1,220 579 2.1:1 — — — 1,220 579 2.1:1 |. 

Copper thousand short tons 234,000 1,360 172.1:1 7,780 46 169.1:1 241,000 1,400 172.1:1 

Gold: 

Lode thousand troy ounces 112,000 5,250. 21.3:1 3,790 241 15.7:1 116,000 5,490 21.1:1 

Placer do. 14,000 153 91.5:] —- — — 14,000 153 91.5:1 

Iron ore thousand long tons 218,000 55,100 4.0:1 W W W 218,000 55,100 4.0:1 

Lead thousand short tons W W W 7,110 341 20.9:1 7,110 341 20.9:1 |. 

Molybdenum thousand pounds 79,600 71,200 L.1:1 W W W 79,600 71,200 dal 

Silver thousand troy ounces 13,700 13,600 1.0:1 3,800 15,000 3:1 17,500 28,500 6:1 

INDUSTRIAL MINERALS 

Abrasives? thousand short tons 123 123 1.0:1 WwW W WwW 123 123 1.0:1 

Barite do. 445 445 1.0:1 — — — 445 445 1.0:1 

Clays do. 49,100 47,000 1.0:1 82 52 1.6:1 49,200 47,100 1.0:1 

Diatomite do. 766 693 1.1:1 — — — 766 693 1.1:1 

Feldspar do. 715 350 2.0:1 — — — 715 350 2.0:1 

Gypsum do. 12,600 12,600 1.0:1 3,650 3,010 1.2:] 16,200 15,600 1.0:1 

Mica (scrap) do. 143 143 1.0:1 — — — 143 143 1.0:1 

Perlite do. 680 379 1.8:1 5 5 1.0:1 685 384 1.8:1 

Phosphate rock do. 247,000 52,600 4.7:1 Ww W W 247,000 52,600 4.7:1 

Potassium salts do. — — — 13,100 1,270 10.3:1 13,100 1,270 10.3:1 

Pumice? do. 412 389 11:1 ~ — — 412 389 11:1 

Salt do. 2,480 2,300 L.d:l 11,400 19,300 6:1 13,900 21,600 6:1 

Sand and gravel do. 952,000 952,000 1.0:1 — — — 952,000 952,000 1.0:1 

Sodium carbonate (natural) do. W W W 11,300 6,590 1.7:1 11,300 6,590 1.7:1 

Talc, soapstone, pyrophyllite do. 1,280 12] 10.6:1 W W W 1,280 121 10.6:1 

Vermiculite do. 1,950 304 6.4:1 — — — 1,950 304 6.4:1 

W Withheld to avoid disclosing company proprietary data. 

lExcludes wells, ponds, and pumping operations. 
2Data may not add to totals shown because of independent rounding. 
3Includes abrasive stone and millstones. 
+Excludes volcanic cinder and scoria. 7 —_ 
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TABLE 11 

MATERIAL HANDLED PER UNIT OF MARKETABLE PRODUCT AT SURFACE 
AND UNDERGROUND MINES! IN THE UNITED STATES IN 1988, BY COMMODITY 

a 

Surface Underground Total? 
. Ratio of Ratio of Ratio of 

Total units of Total units of Total units of 
material Market- material material Market- material material Market- material 

Commodity handled? able handled handled? able handled handled? able handled 
(thousand product to units (thousand product to units (thousand product to units 

short (units) of market- short (units) of market- short (units) of market- 
tons) able tons) able tons) able 

product* product* _product* 
METALS 

eee 
Bauxite | thousand long tons 9,090 579 15.7:1 — — — 9,090 579 15.7:1 TO 
Copper thousand short tons 572,000 1,360 422.1:1 4,150 46 89.8:1 577,000 1,400 411.23] FOE EEUU UU GA 

| Gold: | 

Lode thousand troy ounces 553,000 5,250 105.4:1 4,890 241 20.3:1 558,000 5,490 101.7:1 OI EE EEE ET 
Placer do. 32,900 153 215.3:1 — — — 33,000 153 215.3:1 PADI 

Iron ore thousand long tons_ 331,000 55,100 6.0:1 W W WwW 331,000 55,100 6.0:1 PEW PUY OUT 
Lead , thousand short tons W WwW W 10,700 34] 31.3:1 10,700 341 31.3:1 I IMI 
Molybdenum thousand pounds 140,000 = 71,200 2.0:1 W W W 140,000 71,200 2.0:1 Ee EWU LU 
Silver thousand troy ounces 49,000 13,600 3.6:1 4,410 15,000 32] 53,400 28,500 1.9:] TEN ITU FOUN IL 

INDUSTRIAL MINERALS | AA SSS EE eee SSSSS>§_bL_ SLB _»«<i-Eé=z:Z=L:_ = oe 
Abrasives? thousand short tons 256 123 2.1:1 Ww WwW WwW 256 123 2.1:1 Sener A A 2 
Barite do. 445 445 1.0:1 — — — 445 445 1.0:1 I TT 
Clays do. 91,800 47,000 2.0:1 83 52 1.6:1 91,900 47,100 2.0:1 EE EU 
Diatomite do. 3,770 693 5.4:] — — — 3,770 693 5.4:1 FO 
Feldspar do. 715 350 2.0:1 — — — 715 350 2.0:1 NT YM 
Gypsum do. 16,500 12,600 1.3:1 3,670 3,100 1.2:1 20,200 15,700 1.3:] IEP MUD 
Mica (scrap) do. 143 143 1.0:1 — — — 143 143 1.0:1 oT 
Perlite do. 642 379 1.7:1 5 5 1.0:1 646 384 1.7:1 mE OTT 
Phosphate rock do. 498,000 52,600 9.5:1 WwW W W 498,000 52,600 9.5:1 OY 4 0UU ET 
Potassium salts do. — — — 13,500 1,270 10.6:1 13,500 1,270 10.6:1 oI IM IMO TDW LIU LUO 
Pumice® do. 466 389 1.2:1 — — — 466 389 1.2:] TOF 
Salt do. 2,440 2,300 1.1:1 11,500 19,300 6:1 14,000 21,600 6:1 IA TOU 
Sand and gravel do. 952,000 952,000 1.0:1 — — — 952,000 952,000 1.0:1 Ee TT FREY ILI LUT 
Sodium carbonate (natural) do. W W W 11,200 6,590 1.7:1 11,200 6,590 1.7:1 EEE PAE TE AW YLT 
Talc, soapstone, pyrophyllite do. 1,300 12] 10.7:1 W W W 1,300 12] 10.7:1 EE Pe 
Vermiculite do. 3,740 304 12.3:] — — — 3,740 304 12.3:1 IT 

W Withheld to avoid disclosing company proprietary data. 

lExcludes wells, ponds, and pumping operations. 

Data may not add to totals shown because of independent rounding. 

3includes material from exploration and development activities. 
4+Material from development and exploration activities is excluded from the ratio calculation. 
Includes abrasive stone and milltones. 

SE xcludes volcanic cinder and scoria. 
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TABLE 12 

MINING METHODS USED IN OPEN PIT MINING IN THE 

UNITED STATES IN 1988, BY COMMODITY | | 

(Percent) 

Total material handled 

Commodi eet No ree 
and blasting and blasting! 

METALS —sits—‘“isSOSSSOSOSSSSS 
Bauxite 100 — 

Beryllium — 100 | 

Copper 99 ] 

Gold: 

Lode 98 2 

Placer — 100 | 
Iron ore 96 4 

Lead 100 — 

Magnesium 100 — 

Mercury — 100 | | 

Molybdenum 100 — 

Silver 100 — 

Tin — 100 

Titanium (ilmenite) , — 100 

Zinc 100 — 

| INDUSTRIAL MINERALS 

Abrasives? 71 29 

Aplite 100 — 

Barite 100 — 

Boron 100 — 

Clays — | 100 

Diatomite | 19 8] 

Feldspar 100 — 

Greensand (marl) — 100 

Graphite 100 — 

Gypsum 9] 9 

Iron oxide pigments, crude 100 — 

Kyanite 100 — 

Magnesite 100 — 

Mica (scrap) 29 7] 

Perlite 26 74 

Phosphate rock 3 97 

Pumice? 21 79 

Salt l 99 

Sand and gravel — 100 

Talc, soapstone, pyrophyllite 95 5 

Vermiculite 58 42 

Average 78 22 

l includes drilling or cutting without blasting, dredging, or mechanical excavation and nonfloat washing, and other surface mining methods. 

"Includes abrasive stone and millstones. 
3Excludes volcanic cinder and scoria. 
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TABLE 13! 

| EXPLORATION AND DEVELOPMENT ACTIVITY IN THE 
UNITED STATES IN 1988, BY METHOD, COMMODITY AND STATE 

(Feet) 

| Exploration Development 

Drifting, Shaft 
Commodity Churn Diamond Percussion Rotary Other Trench- Total? cross- Rais- and Solution Total? 

drilling drilling drilling drilling drilling ing cutting, or ing winze mining 

tunneling sinking 

| METALS 

Copper — 61,800 — 18,100 — 540 80,400 4,410 60 — W = 4,470 

Gold: | : 

Lode G) 412,000 719,000 2,610,000 398,000 58,000 4,190,000 101,000 14,600 1,390 W_ 117,000 

Placer — WwW — 5,100 39,900 10,700 55,700 — 45 15 — 30 

Lead 18,600 59,400 W 11 200 35,600 (4) 125,000 74,300 W (>) — 74,300 

Platinum-group — 109,000 — — — — 109,000 — W — — — 

Silver — 41,000 W 3,080 W 1,830 46,000 31,600 6,720 315 — 36,700 

Zinc — 31,400 WwW — — — 31,400 W WwW — — — 

Other® = __ 32,600 235,000 1,390,000 122,000 — 1,780,000 28,500 2,660 = — 703,000 734,000 

Metals total? | 18,600 747,000 953,000 4,030,000 595,000 71,000 6,420,000 240,000 24,100 1,720 703,000 969,000 

Percent of metals total’ 0.3 11.6 14.9 62.8 9.3 1.1 100.0 24.7 2.5 0.2 72.6 100.0 

INDUSTRIAL MINERALS _— 

Boron — oo — 67,200 — — 67,200 — — — — — 

| Diatomite — — — 300  — — 3,000 — a — — 
Perlite | — — — 1,000 — — 1,000 — — — — — 

Phosphate rock — — — 3,500 — — 3,500 — — — — — 

Sulfur (Frasch) — — — 29,100 — — 29,100 — — — — — 

Other® = 7,940 2,900 174,000 430 7,620 193,000 2,180 17 — 2,360 

Industrial minerals | : 

total” — 7,940 2,900 278,000 430 7,620 297,000 2,180 176 — — 2,360. 

Percent of industrial | 

minerals total’ = 2.7 1.0 93.6 0.1 2.6 100.0 9.5 75 — — 100.0 

Grand total? “18,600 755,000 956,000 4,310,000 596,000 78,600 6,720,000 242,000 24,200 ~ 2,080 703,000 971,000 

Percent of grand total’ 0.3 11.2 14.2 64.2 8.9 1.2 100.0 24.9 2.5 0.2 72.4 100.0 

STATE 

Alaska — 8,720 22,000 30,600 W 36,600 97,900 W — — — — 

Arizona — 62,100 3,000 W W W 65,100 4,480 5,290 90 W 9,860 

California W 36,600 W = 327,000 926,200 3,210 393,000 1,310 4,350 215 1,200 7,070 

Colorado — 217,000 W 37,800 11,900 W 267,000 35,700 3,400 115 — 39,200 

Florida — — — 3,500 — — 3,500 — — — — — 

Idaho | — WwW 10,200 124,000 48,000 2,740 184,000 23,600 2,600 — — 26,200 

Missouri 18,600 41,900 — 11,500 35,600 — 108,000 55,600 — 0) — 55,600 

Montana — WwW 19,000 6,580 142,000 3,080 170,000 10,300 2,110 660 — 13,100 

Nevada G) 128,000 703,000 2,140,000 170,000 24,600 3,170,000 16,700 1,030 — — 17,800 

New Mexico — 3,440 W 2,490 W W 5,920 = 8,300 Ww — — 8,330 

Oregon — — 5,200 3,000 2,800 — 11,000 W — — — — 

South Dakota — W W 166,000 2,200 — 168,000 Ww W W — — 

Tennessee — 31,400 W — — — 31,400 W W — — — 

Texas — — — 277,000 — — 277,000 — — — W — 

See footnotes at end of table. 
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: TABLE 13!—Continued . 

EXPLORATION AND DEVELOPMENT ACTIVITY IN THE 

UNITED STATES IN 1988, BY METHOD, COMMODITY AND STATE 

(Feet) 

I 

Exploration Development 

. Drifting, Shaft | 

Commodity Churn Diamond Percussion Rotary Other Trench- Total? Cross- Rais- and Solution Total? 

drilling drilling drilling drilling drilling ing cutting, or ing winze mining | 
tunneling sinking 

Utah — W — 45,300 — — 45,300 W W — — a — 

Washington — W W 9,590 — 3,120 12,700 W — W — — . 

Wisconsin — 1,800 — — — — 1,800 — — — — — 

Wyoming — 50 — W — — 50 — — — W — 

Undistributed? — 224,000 194,000 1,130,000 157,000 5,300 1,710,000 85,800 5,470 998 702,000 794,000 

Total all States 18,600 755,000 956,000 4,310,000 596,000 78,600 6,720,000 242,000 24,200 2,080 703,000 971,000 

Percent of all States’ 0.3 11.2 14.2 64.2 8.9 1.2 100.0 24.9 2.5 0.2 72.4 100.0 

W Withheld to avoid disclosing company proprietary data; included with “Other.” 

'This table is a compiliation of previous Mineral Yearbook tables 13, 14, and 15. Data has been compilied and reorganized. 

Data may not add to totals shown because of independent rounding. . 

«Churn drilling” data included with Other drilling” data to avoid disclosing company proprietary data. 

4«] ead” data included with Copper” data to avoid disclosing company proprietary data. 

“Shaft and winze sinking” data included with “Drifting, cross-cutting, or tunneling” data to avoid disclosing company proprietary data. 

Includes beryllium, iron ore, molybdenum, titanium, uranium, and metals items indicated by symbol W. 

Based on unrounded footage. . 

8Includes gypsum, lime, potassium salts, sand and gravel, talc and pyrophyllite, and mineral items indicated by symbol W. . 

"Includes Maine, Michigan, Minnesota, New Jersey, New York, and states items indicated by symbol W. 

- TABLE 14! . 

TOTAL MATERIAL (ORE AND WASTE) PRODUCED BY MINE DEVELOPMENT 

IN THE UNITED STATES IN 1988, BY COMMODITY AND STATE 

(Thousand short tons) | 

nn 

croseutti Shaft and 
Commodity or &> Raising winze Stripping Total? 

| sinking 
tunneling 

: METALS | 

Copper 45 () — 73,300 73,300 

Gold: 

Lode 1,060 55 12 90,200 91,300 

Placer | — W W 188 188 

Iron ore | W — — 38,300 38,300 

Lead 3,020 W WwW W 3,020 

Silver 176 62 l () 239 

Uranium | 73 6 — — 78 

Other* 120 386 5 4,290 4,800 

Total’ 4,500 509 18 206,000 211,000 

INDUSTRIAL MINERALS 

Gypsum WwW — — 3,700 3,700 

Other? 23 1 — 2,990 3,010 

Total? 23 1 — 6,690 6,710 

Grand total? 4,520 509 18 213,000 218,000 
See footnotes at end of table. 
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TABLE 14!—Continued 

| TOTAL MATERIAL (ORE AND WASTE) PRODUCED BY MINE DEVELOPMENT 
IN THE UNITED STATES IN 1988, BY COMMODITY AND STATE 

| (Thousand short tons) 

orn Shaft and 
Commodity oss . Ine, Raising winze Stripping Total! 

| sinking 
tunneling . EEN 

STATE ees 

Alaska W — — 483 483 
Arizona 26 13 ] — 4] 
California 6 17 ] WwW 24 

Colorado 262 18 ?) 80 360 
Idaho 151. 46 — 44 241 

Missouri 2,/90 — | W — 2,/90 

Montana 105 387 3 950 1,450 

North Carolina — — — 50 | 50 
Nevada 261 7 — 75,600 - 75,900 

Utah | WwW W — 11,000 11,000 

Washington WwW — WwW 20 20 
Undistributed® | 921 21 13 125,000 126,000 

Total? 4,520 | 509 18 213,000 218,000 O_O I EO 
W Withheld to avoid disclosing company proprietary data; included with “Other” or “Undistributed.” 
'This table had been table 16 in previous issues of the Mineral Yearbook. 
Data may not add to total shown because of independent rounding. 
3Less than 1/2 unit. 

4Includes bauxite, molybdenum, platinum-group metals, zinc, and metal items indicated by symbol W. 
Includes abrasives, potassium salts, pumice, salt, talc and pyrophyllite, and mineral items indicated by symbol W. . 
®Includes Arkansas, Kansas, Michigan, Minnesota, New Mexico, New York, Oregon, South Dakota, Tennessee, Texas, Wyoming, and items indicated by symbol W. 

TABLE 15! 

INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION 
IN THE UNITED STATES, BY CLASS AND USE 

. (Thousand pounds) 

NN 

Quarrying Total 
| Coal Metal and Construction All other Total Year . mineral , mining mining nonmetal ; work purposes industrial - industry 

mining eee eee, 

TOTAL, BY USE SSS 

1984 2,758,659 437,217 479,873 3,675,749 302,273 378,836 4,356,858 NI EA EFI OPI TIPU, 090 
1985 2,241,303 382,410 510,500 3,134,213 247,451 418,690 3,800,354 EEE TE TET OAM 05 I'T 
1986 2,566,337 319,844 585,220 3,471,401 258,651 192,784 3,922,836 EEE ONE FEO 7 LL,0I0 
1987 3,220,762 340,283 482,911 4,043,956 308,912 145,389 4,498,257 PS a I TOF TT IO LIT 
1988 3,137,000 440,000 595,250 4,172,250 320,200 245,000 4,736,702 EE ERT UU LS 

BY CLASS AND USE eee ONE nee 

PERMISSIBLE EXPLOSIVES 
ee 800 

1984 237,721 2195 2345 38,261 2002 375 39,238 EE 99D 
1985 *34,563 *117 7481 35,161 2836 37] 36,068 $M 
1986 34,971 7 2155 35,133 245 36] 35,439 $e ETF 
1987 33,391 — 248 33,639 214 — 33,853 

OP 
19884 27,000 — 250 27,250 200 — 27,670 
See footnotes at end of table. 
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TABLE 15!—Continued | 

INDUSTRIAL EXPLOSIVES AND BLASTING AGENTS SOLD FOR CONSUMPTION 

IN THE UNITED STATES, BY CLASS AND USE | 

(Thousand pounds) 

| Quarrying Total 
Coal Metal and Construction All other Total 

Year Le _ mineral ; . 
mining mining nonmetal , work purposes industrial 

. industry 
mining 

BY CLASS AND USE 

OTHER HIGH EXPLOSIVES 

1984° 220,357 *7,77\ 229,658 57,786 223,189 317,271 98,246 

1985° 221,705 20.466 255,470 86,641 235,460 313,775 135,876 

1986 18,004 7,027 *63,249 88,280 37,403 36,106 131,789 

1987 23,171 9,013 62,250 94,434 43,355 5,458 143,247 

19884 20,000 10,000 65,000 95,000 45,000 10,000 150,769 

WATER GELS AND SLURRIES 

1984° 299,340 278,959 *102,849 281,148 242,464 311,146 334,758 

1985°6 *133,858 *66,653 780,283 280,794 227,487 316,245 324,526 

1986° 180,201 57,153 *128,854 366,208 38,582 315,300 420,090 

19876 195,737 63,125 160,412 419,274 55,758 6,326 481,358 

198846 240,000 100,000 220,000 560,000 80,000 20,000 658,273 

AMMONIUM NITRATE: FUEL-MIXED AND UNPROCESSED 

19847 27,601,241 350,292 2347,021 3,298,554 235,718 3350,344 3,884,616 

19856? 29 051,177 2306,174 2374,266 2,731,617 2183,668 3388599 3,303,884 | 

1986° 2,333,161 255,657 2392962 2,981,780 182,421 — 3171,317 3,335,518 

1987° 2,968,463 268,145 260,001 3,496,609 209,585 133,605 3,839,799 

198846 2,850,000 330,000 310,000 3,490,000 195,000 215,000 3,899,990 

"Revised. 
IThis table is a compilation of previous Mineral Yearbook issues tables 17 and 18. In addition a breakout of data for “construction work” and “All other purposes” is included. 

Some quantities of this use are included with “All other purposes” to avoid disclosing company proprietary data. 

3Includes some quantities from “Coal mining,” “Metal mining,” “Quarrying and nonmetal mining,” and “Construction work.” 

4Estimated from correlation patterns between explosives sales and end-use sectors were developed from Bureau of Mines time-series data and leading indicators of industrial production and economics as reported 

by the Department of Energy, Federal Reserve Board, Department of Transportation, and Bureau of the Census. 

Some quantities of this use are included with “Ammonium nitrate: fuel-mixed and unprocessed” to avoid disclosing company proprietary data. 

SData for 1985-88 are not comparable to data for prior years. Higher strength blasting agents classification was discontinued. Blasting agents formerly in that classification are now included in “Water gels and slurries.” 

includes some quantities from “Other high explosives,” and “Water gels and slurries.” 
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By Gordon T. Austin 

Mr. Austin, a physical scientist with over 30 years of industry and Government experience, has been the commodity 

specialist for abrasive materials since 1986. Mr. William Field, mineral data assistant, prepared the domestic data tables. 

he combined value of produc- | production. The fused aluminum oxide The United States continued as the 

; tion of natural abrasives, | industry showed a 5% decline in the | largest single manufacturer, exporter, 

which includes tripoli, special | quantity produced, but enjoyed a 15% | importer, and consumer of synthetic 

silica stone, garnet, staurolite, | increase , in the value of production. | industrial diamond in the world. The 

and emery, increased about 21% in | Combined production for both indus- estimated apparent U.S. consumption 

1989. The increase in the value of stau- | tries decreased 4% in quantity but in- | of industrial diamond stones re- 

rolite and tripoli production was the | creased 13% in value compared with | bounded from the 48-year low in 1987 

result of an increase in the quantity of | those of 1988. with an increase of 185% to 3.9 million 

materials produced and an increase in The metallic abrasives industry expe- | carats in 1988. | 

the unit value. Emery decreased due to | rienced a decline of 6% in quantity and 

the significant decline in the volume of | 5% in value after 4 consecutive years of | — ——_____@____________ 

the material produced. Special silica | sales increases in both quantity and | DOMESTIC DATA 

stone experienced both a decrease in | value. The industry includes the pri- | COVERAGE 

unit value and quantity produced. Gar- | mary producers of steel, chilled and ~_$_—2—--——WY———_ 

net showed a small increase in quantity, | annealed iron, and cut wire shot and | 

but a decrease in unit value. grit, and shot and grit reclaimed by Domestic production data for abra- 

The silicon carbide industry saw a | primary producers. Shipments in 1989 | sive materials was from seven separate 

slight decrease in the quantity produced | were about 9% below the 239,619 met- voluntary Bureau of Mines surveys. Of 

and a 12% increase in the value of | ric tons’ of 1979. | the 61 operations producing natural 

TABLE 1 

SALIENT U.S. ABRASIVES STATISTICS 

ee 

885986 987 9B 1989 
Natural abrasives production by producers: 

Tripoli (crude) metric tons "108,706 106,298 104,259 99,928 105,230 

Value thousands "$844 $918 $975 $864 $2,537 

Special silica stone ' metric tons 1,050 973 "1,378 "1,892 898 

Value thousands $515 $501 "$489 "$566 $147 

Garnet” metric tons 33,318 24,298 38,353 42,506 42,605 

Value thousands $2,973 $2,603 $4,350 $4,707 $4,408 

Emery metric tons W 2,611 1,764 869 W 

Value thousands W W W W W 

Staurolite metric tons W W W W W 

Value thousands W W W W W 

Manufactured abrasives? * metric tons 434,448 438,043 441,292 555,635 535,213 

Value* thousands $171,974 $173,858 $182,039 $219,322 $227,761 

Foreign trade (natural and artificial abrasives): 

Exports (value)° do. $191,272 $207,624 $238,522 $281,633 $260,363 

Reexports (value) ° do. $23,845 $27,011 $21,192 $19,302 $33,771 

Imports for consumption (value) ° do. $382,877 * $406,572 $424,640 $501,707 $420,982 

"Revised. W Withheld to avoid disclosing company proprietary data. 

' Includes grindstones, oilstones, whetstones, and deburring media. Excludes grinding pebbles and tube-mill liners. 

? Primary garnet; denotes first marketable product. 

3 Includes Canadian production of crude silicon carbide and fused aluminum oxide and shipments of metallic abrasives by producers. 

4+ Excludes the United States and Canadian production and value of aluminum-zirconium oxide. 

> Bureau of the Census. 
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and manufactured abrasives canvassed, TABLE 2 
all responded, representing 100% of U.S. EXPORTS OF ABRASIVE MATERIALS, BY KIND 
the total production shown in tables 1, 
5, 6, 8, 14, 15, and 16. (Thousands) 
me 

: Kind 1988 1989 
FOREIGN TRADE m : Quantity Value Quantity Value KY Nate NQantity Value ~ 

NATURAL 

; o Industrial diamond, natural or synthetic, . The total value of abrasive materials, | powder or dust carats 72,093 $112,094 73,168 $113,446 
exports plus reexports, was $300.9 mil- Industrial diamond, natural or synthetic, 
lion, an increase of 16% compared | other do. 1,830 15,063 =—1,521 13,645 

| with the 1987 value. The average total | Natural abrasives, crude kilograms 1,501 4.065 3,339 4,270 
value for the last 10 years was $237.9 | Natural abrasives, other do. = NA NA 9,027 12,836 million per year with the high of $300.9 MANUFACTURED 
men in ono ane me ow of 196.8 Artificial corundum (fused aluminum oxide) do. «15,496 ~—=.25,796-—«:17,207.-—Ss«W19,192 

oa, h chown _ ne an crea one Silicon carbide, crude or in grains do. 4,207 7,763 8,452 9,954 i Eee OS OE STIS Oe 
total value compare d with the ossen. Other refined abrasives | do. 16,781 24,601 5,672 2,788 
tially level] period of 1983-85 Grinding and polishing wheels and stones: 

The total value of abrasive materials | Diamond mer sSNA 6,641 761 9,896 
imported was $420.9 million, a de- Polishing stones, whetstones, oilstones, 
crease of 16% compared with the 1988 | - hones, similar stone do. 1,312 2,486 3,311 6,235 

| value. The average total value for the Wheels and stones, n.e.c. do. NA 29,471 777 1,075 
past 10 years was $362.2 million per Abrasive paper and cloth, coated with 
year. with the high in 1988 of $501.7 natural or artificial abrasive materials kilograms 6,664 50,276 ~=11,451 60,729 

| million and the low of $245.0 million in | Grit and shot, including wire pellets do. _11,900 __ 9,736 8,646 6,297 
1982. Abrasive material imports had, Total XX __287,992 AX __ 260,363 
until the 1989 decrease, increased at a | NA Not available. XX Not applicable. 
compounded rate of slightly less than | Source: Bureau of the Census. 
13% per year for the last 6 years. 

The United States has shown a trade 
deficit in abrasive materials for every 
year of the past 10 years. The trade TABLE 3 
deficit averaged $109.2 million per year | 
for the past 10 years and averaged U.S. REEXPORTS OF ABRASIVE MATERIALS, BY KIND 
$173.8 million per year for the past 5 " (Thousands) 
years. The deficit increased 23% to a 
record high of $200.8 million in 1988... | tl 

; 1988 1989 
Kind 3 

Quantity Value Quantity Value ee Qatntity Value Quantity Value © 
TRIPOLI NATURAL 

= | I.dustrial diamond, natural or synthetic, 
powder or dust carats 2,440 $3,336 5,067 $10,734 

The category of tripoli includes not | [dustrial diamond, natural or synthetic, 

only tripoli, but other fine-grained, po- | Oe do —_ do. 1,164 14,279 1,234 19,603 
rous silica materials that have similar emery, natural corundum, pumice in kil 30 193 59 HI 
properties and end uses. It does not | —“* —--___——SCS<~ za 
include fine grained or porous silica ma- | _________ MANUFACTURED 
terials included in other Minerals Year- | Attificial corundum (fused aluminum oxide) do. 57 90 1,803 1,598 
book chapters, such as pumice. Silicon carbide, crude or in grains do. 77 82 90 102 

Grinding and polishing wheels and stones: 
| Production Diamond carats 6 118 9 299 

Processed tripoli, sold or used, de- Polishing stones, whetstones, oilstones, 
creased 6% in quantity and 5% in the hones, similar stone number 12 10 45 150 
value, but the value per ton increased Wheels and stones, n.e.c. kilograms 39 653 — — 
slightly. The quantity of crude tripoli | Abrasive paper and cloth, coated with natural 
produced increased after 5 consecutive or artificial abrasive materials do. 76 541 584 1,174 
years of decline. The average produc- Total XX 19,302 XX 33,771 EE AN DIT tion for the past 10 years was 104,786 | xx Not applicable. 
tons per year with a high of 112,928 Source: Bureau of the Census. 
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tons in 1984 and a low of 97,368 tons in TABLE 4 

1981. Production in 1989 was 105,230 | U.S. IMPORTS FOR CONSUMPTION OF (NATURAL AND ARTIFICIAL) 
tons, valued at $2.5 million. The signif- ABRASIVE MATERIALS, BY KIND 

icant increase in the value of crude 

produced was the result of a change in (Thousands) : 

the reporting methodology. 

Six firms produced tripoli in four . 1988 1989 
: Kind CO Ooowraowvrrwrn Tr 

States. Malvern Minerals Co., Garland | © Quantity Value Quantity Value’ 

County, AR, produced crude and fin- | Silicon carbide, crude metric tons 93 $47,208 80 $45,439 

ished material. American Tripoli Co., | Aluminum oxide, crude do. 128 55,197 78 34,529 

produced crude material in Ottawa | Other crude artificial abrasives do. 10 6,452 9 1,339 
County, OK, and finished material in | (7 Gg omins pulverized orrefined: 

. . Abrasives, ground grains, pulverized or refined: 

Newton County, MO. Illinois Minerals Silicon carbide + +~=CSsé‘SsS:*~*~*:::::CCSCS*~*S 3 12.908 1 18.056 

Co. and Tammsco Inc., both in Alex- | —smcomcarbi@e | 

ander County, IL, produced crude and _ Aluminum oxide EO 16 18,545 20 28,589 

finished amorphous (microcrystalline) Emery, corundum, flint, garnet, other, 
silica. Keystone Filler and Manufactur- - oe ee — — do. 5 10,786 4 4,078 

. : apers, cloths, other materials wholly or 

ing Co. in Northumberland County, partly coated with natural or artificial abrasives (7) 125,873 20 105,414 

PA, processed rottenstone, a decom- | 7 
d fine- ined sili hal Hones, whetstones, oilstones, polishing 

posed fine-grained siliceous shale, PlO- | stones | number 1,850 1,554 2,300 1,786 | 

duced by B. J. Ulrich & Sons, also in | (77a caeangmilistoness t(‘S;SO;~*~™~*~*~*~*~” 
Abrasive wheels and millstones: 

Northumberland County, PA. TO 
Burrstones manufactured or bound up 

. into millstones do. NA 61 701 4,597 

Consumption and Uses $$ eS 
Because tripoli grains lack distinct Solid natural stone wheels do. 408 469 1,404 2,592 

poll & Diamond do. 516 «15,465 508 —s:13, 143 
edges and corners, it has unique abra-_ | ————____________________ : 

sive uses. It is the mild abrasive in Abrasive wheels bonded with resins do. 53) 24,677 6,078 25,880 

toothpaste and toothpolishing com- —OtRer © 23,178 @) 24,919 

pounds, industrial soaps, metal and Grit and shot, including wire pellets do. 3,537 3,406 4,168 3,428 

jewelry polishing compounds. The au- | Diamond, natural and synthetic: ; 

tomobile industry uses it in buffing and Diamond dies number 101 2,542 NA NA 

polishing compounds in lacquer finish- Crushing bort carats 515 638 NA NA 

ing. The largest use of the mineral was Natural industrial diamond stones do. 6,326 61,204 6,232 34,610 

as a filler and extender in paint, plastic, Miners’ diamond? do. 563 2,965 2,558 26,426 

rubber, ane nae ned for ° tripe Powder and dust, synthetic* do. 50,748 54,901 49,466 36,637 

“onsec ative year G ver “his, é-year pe Powder and dust, natural do. 12,995 10,592 _—-12,087 7,622 

; o i : Total | XX 501,707 XX 420,982 
riod consumption declined about 29%. OOOO 

4s NA Not available. XX Not applicable. 

The average annual consumption Of | i customs values. 
abrasive tripoli for the past 10 years | Quantity not reported. 
was 31,971 tons, with a high of 37 024 3 Includes 10,000 carats of synthetic miners’ diamonds in 1988. 

. oa 4 Includes 676,413 f synthetic di ds in 1988. 

tons in 1984 and a low of 26,192 tons in ; ns s “ nee Or SNE NONE 
. ource: bureau O e Census. 

1989. The 1989 consumption was the 
lowest since 1953, when only 22,680 

tons were sold or used. TABLE 5 

After 5 consecutive years of growth 
y E PROCESSED TRIPOLI! SOLD OR USED BY PRODUCERS IN THE 

from 1982 to 1987, the amount of UNITED STATES, BY USE” 

tripoli used as a filler declined 4% in ’ 

1988 and an additional 8% in 1989, | ——— 

The average consumption of filler- Use 1985 19861987 1988 1989 

grade tripoli for the past 10 years was | Abrasives metric tons 36,489 33,188 26,637 26,360 26,192 

60,741 tons per yeat, with a high of Value thousands $3,670 $3,590 $3,089 $3,151 $3,172 

71,160 tons in 1987 and a low of 55,180 | Filler metric tons 62,414 67,048 71,160 ‘68,618 63,080 

tons in 1982. Bureau of Mines data Value thousands $6,452 $8,588 $9,855 $9,876 $9,185 

show that tripoli use in the United | other metric tons _ W W Ww W 

rates is greater as a filler than as an Value thousands _ W W W WwW 

abrasive. Total metrictons 98,722 100,237 97,796 94,978 89,272 

Prices Total value thousands $10,122 $12,178 $12,944 ‘$13,027 $12,357 

Revised. W Withheld to avoid disclosing company proprietary data. 

The average reported value of abra- 1 Includes amorphous silica and Pennsylvania rottenstone. 

sive tripoli, sold or used, in the United | ?Partly estimated. 
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| States was $121.11 per ton. The average TABLE 6 Arkansas accounted for 96% of the 
annual value reported for abrasive tripoli SPECIAL SILICA STONE value and 98% of the total quantity of 
for the past 10 years was $96.95 per ton, | FINISHED PRODUCTS SOLD OR _| special silica stone products reported as 
with the high value in 1989 of $121.11 USED BY PRODUCERS IN THE sold or used by U.S. producers. 
and the low in 1980 of $74.00. The value UNITED STATES! 
of abrasive tripoli has increased over the | Consumption and Uses 
past 10 years at an annual compounded Quantity — Value The domestic consumption of spe- 
rate of 10% per year. The increase has | °° (metric tons) (thousands) | cial silica stone products resulted from 
been continuous; the annual rate of in- | 1985 402 $5,371 a mixture of residential, industrial, lei- 

| crease from 1985 to the present was sig- | 1986" 463 6,520 sure, and craft uses. The major residen- 
nificantly lower than the annual rate of 19877  ~=+508~+~=~)~—~—~S~*«&~«367~—C |: tial ses were the sharpening of knives 
increase from 1980 through 1984. | 1988" 371 54,35 | and other cutlery such as scissors, 

The average reported value of filler 1989. 37750 shears, and lawn and garden tools. 
tripoli, sold or used, in the United Rag <$ = | Major industrial uses were the sharpen- 
States was $145.61 per ton. The average tneludes grindstones, oilstones, and whetstones. Excludes grind- ing and honing of cutting sur faces, annual value for the past 10 years was | ing pebbles, tube-mill liners, and deburring media, polishing of metal surfaces, and the 
$112.90 per ton, with a high of $145.61 | deburring of metal and plastic castings. 
per ton in 1989 and a low of $74.00 per | lion. The average annual production of | The manufacture, repair and modifica- 
ton in 1980. The value increased at an | the products for the past 10 years was | tion of guns also make use of stone 
annual compounded rate of 9% for the | 522 tons, with a high of 647 tons in | files. The recreational uses were the 
past 10 years. | 1982 and a low of 37 tons in 1988. The sharpening of sports knives, arrow- 

average value of annual production for | heads, spear points, fish hooks and 
| the past 8 years was $5.5 million, with a | other recreational items. Craft applica- 

SPECIAL SILICA STONE high of $7.4 million in 1987 and a low | tions included uses in wood carving, 
PRODUCTS | of $3.8 million in 1983. In the past 10 | gun engraving, jewelry making, and 

$$ AT | YEaTS, two distinct and different trends | other engraving work. Estimated value 
in the value of production appeared. | of U.S. apparent consumption was $1.3 

Special silica stone products include | One was from 1980 through 1984, when | million. 
hones, whetstones, oilstones, stone files, | the average value of production was 
grindstones, grinding pebbles, tube-mill | $4.1 million per year. The other was | Prices 
liners, deburring media, and certain spe- | 1985 through 1989, when the value of The value of crude novaculite suit- 
clalty products. Manufacture of these | production was 54% greater at an av- | able for cutting into finished products 
products was from novaculite, quartzite, | erage value of $6.3 million a year. | varied from a low of $0.33 per kilo- 
or other microcrystalline quartz rock. During (1985-89), the average annual | gram to as muchas $2.75 per kilogram. 

quantity of production was less than | The low value was for Washita grade Production | | the 10-year average, 473 tons versus 522 | and the high value for Black Hard 
Plants manufactured oilstones, | tons. During the same period the aver- | Arkansas grade. The manufacture of 

hones, whetstones and files in Arkansas, | age annual value of production was | deburring media or special-purpose 
New Hampshire, and Indiana, and cuti- | 13% greater than the 10-year average. | crushed stone is from material not 
cle stones and coaster stones in Indiana. | The change in average annual value was | suited for making oilstones, hones, or 
Additional production includes grind-.| the result of a significant increase in the | whetstones. The value of these materi- 
stones in Ohio, deburring media in Ar- | value per ton of manufactured prod- | als ranged from $39 per ton to more 
kansas and Wisconsin, and grinding peb- | ucts, starting in 1985. than $300 per ton. The average value in 
bles and mill liners in Minnesota. The industry manufactured four | 1989 of oilstones, hones, whetstones, 
Production of the crude materials was in | main grades of whetstone. They ranged | and grindstones, sold or used by U.S. 
the same State in which the products | in grade from the high-quality Black | producers, was $14,443 per ton or 
were manufactured, except for the oil- | Hard Arkansas Stone down to the | about $14.44 per kilogram. The aver- 
stones in New Hampshire. The novacu- | Washita Stone. The Black Hard has a age annual value of the same items for 
lite for the New Hampshire oilstones was | porosity of 0.07% and a waxy luster; | the past 8 years was $11,102 per ton, 
produced in Arkansas. The process for | Washita Stone has a porosity of 16% | with a high of $14,443 per ton in 1989 
estimating the production of crude ma- | and resembles unglazed porcelain. The | and a low of $6,411 per ton in 1984. In 

| terial changed in 1981 and again in 1987. | four main types were as follows: the past 10 years, the unit value of 
Because of the two changes in the way of special silica stone products followed 
estimating production, 10-year averages - Tradename “Use two distinct negative trends plus the 
and other production trends would be of | = _—__— significant increase in 1989. The first . Black Hard Polishing the most no practical use. . Arkansas Stone perfect edge possible. trend, a gradual decrease, occurred 

The quantity of oilstones, hones, Hard Arkansas Stone Polishing blades to a_ during the period 1980 to 1984. The 
whetstones, files, and grindstones pro- very fine edge. value per ton averaged $7,227, with a 
“oe ne ony ae oar ane Soft Arkansas Stone General purpose. men oO $8,288 and a eM of eee | A year low in at tons and had | |. Oo e lowest value occurred in . 
essentially the same value at $5.5 mil- Masia Stone _Rapid sharpening. _ second trend began in 1985 when the 
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TABLE 7 

PRODUCERS OF SPECIAL SILICA STONE PRODUCTS IN 1989 

nn 

Company and location Type of operation Product - 

Arkansas Abrasives Co.: | | 

Hot Springs, AR . Stone cutting and finishing Whetstones and oilstones. 

Do. Quarry : 

Arkansas Oilstone Co: . 

Hot Springs, AR (inactive) Stone cutting and finishing Whetstones and oilstones. 

Arkansas Whetstone Co., Inc: a 

Hot Springs, AR (inactive) do. Do. 

Do. Quarry Crude novaculite. 

Buffalo Stone Corp: | 

Hot Springs, AR Tumbling and sizing novaculite Metal finishing media and deburring media. 

Cleveland Quarries Co.: 

Amherst, OH Stone cutting and finishing Grindstones. a 

Do. | Quarry Crude silica stone. 

Dans Whetstone Cutting Co., Inc: | 

Royal, AR Stone cutting and finishing Whetstones and oilstones. 

Do. Quarry Crude novaculite. 

(Gomance) Operations 

Parrin, AR do. Do. 

Halls Arkansas Oilstones, Inc.: 

Pearcy, AR Stone cutting and finishing Whetstones and oilstones. 

Hindostan Whetstone Co.: 7 | . 

Bedford, IN . do. Cuticle stone. | 

Do. : Quarry Crude silica stone. 

Hiram A. Smith Whetstone Co., Inc.: 

Hot Springs, Ark Stone cutting and finishing Whetstones and oilstones. 

Do. Quarry Crude novaculite. 

Ed Kramer & Sons: | | 

Plain, WI (inactive) Crushing and sizing Deburring media. 

Do. Quarry Crude silica stone. 

Norton Co. Oilstones, Norton Pike Div.: . 

Hot Springs, AR do. Do. 

| Littleton, NH Stone cutting and finishing Whetstones and oilstones. 

Pioneer Whetstone Co.: 

Hot Springs, AR do. Do. 

Poor Boy Whetstones: 

Hot Springs, AR (inactive) do. Do. 

Robert Lowery: 

Hot Springs, AR (inactive) do. Do. 

Taylor Made Crafts, Inc.: 

Lake Hamilton, AR do. Do. 

Wallis Whetstone: 

Malvern, AR do. Do. 

Wallis Whetstone: 

Malvern, AR Quarry Crude novaculite. 

Washita Mountain Whetstone Co.: 

Lake Hamilton, AR (inactive) Stone cutting and finishing Whetstones and oilstones. 
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value per ton more than doubled from | million or about 40% of the 10-year | environments. 
$6,411 to $13,361. The average annual | average. The major industrial use for high- 
value per ton for the period 1985 to quality, high-value garnet since before 
1988 was $13,006, with a high of 1880 has been as material for free- 
$14,113 in 1986 and a low of $12,229 in | GARNET abrasive machining in such applications 
1988. One possible explanation for the | ———-------_ | as op tical lens grinding and plate-glass 
series of step-ramp trends is the intro- grinding. In recent years its applications 
duction of new high-value products by High-quality U.S. industrial garnet is | included the high-quality, scratch-free 
a single manufacturer. The product | a mixture of almandine and pyrope | lapping of semiconductor materials and 
then encounters significant price com- | that breaks under pressure into sharp | other metals. The finishing of wood, 
petition from other producers in subse- | chisel-edged plates. Industry uses this | leather, hard rubber, felt, and plastics 
quent years. Because the special silica | garnet as an abrasive powder and in the | often require the use of garnet-coated 
stone products industry is not high | manufacture of coated abrasives. Low- | abrasive papers and cloths. 
technology, new products can be dupli- | quality industrial garnet found uses The aluminum aircraft and shipbuild- 
cated by competitors. This very quickly | primarily as an airblasting or hydro- | ing industries in California and the Pa- 
results in short-term price pressures. blasting media and as filtration media. | cific Northwest use lower quality, lower 

cost alluvial garnet, primarily from 
Foreign Trade Production Idaho, for sandblasting. Similar uses in 

The value of exported special silica The United States continued to be | the Eastern US. are for the cleaning and 
stone products was $6.2 million, an | the largest garnet producer and con- | conditioning of aluminum and other soft 
increase of 148% compared with that | sumer, accounting for about 45% of | metals and for cleaning of metal by 
of 1988. The average annual value of | the world’s production and 40% of the | structural steel fabrication shops. Mixed- 
exports for the past 10 years was $2.7 | consumption. Four domestic producers | media water filtration, using a mixture of 
million, with a 10 year high of $6.2 | operated five plants, three in New York | sand, anthracite, and garnet, has dis- 
million in 1989 and a low of $2.0 | and one each in Idaho and Louisiana. | placed older filtration methods because 
million in 1987. The annual value of The quantity and value of crude gar- | it is more reliable, and gives a better 
exports over the past 10 years did not | net concentrates produced were 42,605 | quality of water. Demand for this use has 
appear to have established a trend. | tons worth $4.4 million, essentially the | greatly increased. The manufacturers of 
Instead, the value drifted between $2.0 | same as those of 1988. The average | nonskid floor paint also use alluvial and 
million and $2.6 million with as many | annual production for the past 10 years | other low-cost garnets. 
increases as decreases until the signifi- | was 31,225 tons, with a high of 42,605 Garnet has obtained an intermediate 
cant increase in 1989. in 1989, and a low of 23,089 in 1981. | place in the coated-abrasive field be- 

The value of imported products was | Over the past 10 years, production in- | tween low-cost quartz sand and more- 
$1.8 million, an increase of 13% com- | creased about 75%, or at an annual | costly synthetic abrasives (silicon car- 
pared with the 1988 value, but essentially | compounded rate of about 6% per | bide and fused alumina). Garnet is 
the same compared with those of 1985 | year. The production trend for the past | reportedly more efficient based on unit 
and 1986. The average annual value of | 10 years has been one of continued | production costs than quartz sand. It 
imports for the past 10 years was $1.2 | long-term growth with occasional | also produces a more desirable finish 
million, with a high of $1.8 million in | downward adjustments. on items made of wood, leather, hard 
1985 and 1989, and a low of $0.3 million | rubber, felt, and plastic. 
in 1980. The trend for products imported | Consumption and Uses Garnet, especially the lower grades, 
to the United States was generally up- The quantity of garnet sold or used | cannot compete with synthetic abra- 
ward with some occasional decreases. | by producers was 41,320 tons, essen- | sives for most metalworking applica- 
The United States continues to be a net | tially the same as in 1988, but the value | tions requiring substantial metal re- 
exporter of special silica stone products. | decreased about 12% to $9.8 million. | moval because of its friable nature and 
A portion of the finished products im- | The average annual quantity of garnet | lower hardness. 
ported was from crude novaculite pro- | sold or used for the past 10 years was 
duced within the United States and ex- | 29,973 tons, with a record high of 
ported for processing. 41,896 tons in 1988 and a low of 23,150 TABLE 8 

In 1989, the trade surplus in special | tons in 1981. The trend for the past 10 GARNET SOLD OR USED BY 
silica stone products was $4.4 million, | years was one of steady annual growth, PRODUCERS IN THE UNITED 
an increase of about 389%. During the | except for 4% decreases in both 1981 STATES 
past 10 years, the United States has | and 1984. The growth rate averaged 
enjoyed an average trade surplus of | about 8% compounded annually. ~ Quantity ~~~~—~«Sadlue 
$1.5 million per year with a high of Much of the growth in the use of | Year (metric tons) (thousands) 
$4.4 in 1989 and a low of $0.4 million | garnet was the result of new regulations. 198 +27,791~«~2~*«*«<“‘«t~*«‘« ~«SN OD 
in 1985. The trend for the past 10 years | These regulations established new limits 198. 28899 6.748 
has been one of declining surpluses | on leachable minerals and free silica con-_ | —2—-—2—]+- , tgs ; ; ; ; 1987 35,812 7,744 until the significant increase in 1989. | tent in hydroblasting and airblasting me- | ———————@——_>—" 
The average annual surplus for the | dia. These changes made garnet the pre- 1988 AL BIG NN TA 
previous 4 years had been only $0.6 | ferred blasting media in some work | 1989 41,3200 9,768 
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Prices TABLE 9 often with some sacrifices in work vol- 

The average value per ton of crude WORLD GARNET ANNUAL ume, quality of work, or cost. 

garnet concentrates was $103, a 7% PRODUCTION CAPACITY, ! Substitution of other natural and 

decrease compared with the 1988 aver- synthetic material is present to some , 

age. The average value for the past 10 DECEMBEN 32, 1959 extent for all major end uses of garnet. 

years was $95 per ton, with a high of (Metric tons) Fused alumina and staurolite compete 

$113 in 1987 and a low of $78 per ton in with garnet as a sandblasting material 

1980. During the past 10 years, the Country Capacity | in the transportation equipment indus- 

overall trend for the value of crude | North America: tries. Ilmenite and plastics compete as 

concentrates was a net increase with United States 63,503 | filtration media. Diamond, corundum, 

decreases in some years. The 1989 value | Europe: tit ——= | and fused alumina compete for lens 

was 132% of the 1980 value. “Norway” 7,257 grinding and for many lapping opera- 

The average value per ton of garnet Tukey SSS 635 tions. Finally, sand, silicon carbide, 

sold or used was $236, a decrease of — and fused alumina compete for grind- 

11% from that of 1988. The average USSR __ 907 ing and finishing of plastics, wood 

value for the past 10 years was $227 per __ Total __ 8,800 | furniture, and other products. 

ton, with a high of $266 in 1988 anda | AS! 
low of $205 per ton in 1980. Excluding | _ China 18,144 | Background | 
the highest and two lowest values, the India 27,216 

difference between the highest value Sri Lanka 91 Definition, Grades, and Specifica- 

and lowest value in the remaining 7 Total 45,450 | tions.—Garnet is a general name for a 

years was only 6.5%. The price trend of | Oceania: ——— | family of complex silicate minerals hav- 

garnet sold or used during the past 10 | Australia tt” 14,515 | ing similar physical properties and crys- 

years has been stable with very minor | Ges ti<CiS~Swts —997_| tal form, the most common being the 

changes, except the 23% increase from “Worldtoal ———= | magnesium-aluminum silicate (pyrope) 
| orld total 133,175 . . ey: 

1987 to 1988. Trmaules Caaihlioe GF GuoUlIne plans av well as plants on and the iron-aluminum silicate (alman- 

standby basis. mon operas Pee OS dite). Almandite is the most important 

Foreign Trade type of industrial garnet. It ordinarily 

Garnet exports, as reported by pro- has a hardness of 7.5, an average spe- 

ducers to the Bureau of Mines, were | nearly 40% of estimated world con- | cific gravity of 4, and a melting point 

about 9,716 tons, an increase of 22% | sumption. Target Mines Ltd. continued | of 1,315° C. It has a color of various 

compared to 1988. Export data on gar- | to produce at near capacity from its | shades of red, a chemical composition 

net were not available from the Bureau | Australian garnet sand operation. Dur- | of Fe,AL,(SiO,)3, and a cubic crystal 

of Census. Producers have reported | ing 1989, Target sold a 50% interest in | structure. 

exports to the Bureau of Mines for the | the operation to Barton Mines, a U.S. Each domestic producer has distinc- 

past 3 years; before that, the Bureau | garnet producer. The Chinese mines | tive products. The Barton Mines Corp. 

estimated garnet exports. Trend analy- | continued to increase production of | garnet is a mixture of almandite and 

sis beyond the past 3 years would be of | garnet for the export market. Yet, to | pyrope, and is at the top of the garnet 

limited value because of the large num- | date, the quality of the garnet routinely | hardness range. It occurs as large crystals 

ber of estimates included with the data. | has not met requirements for the U.S. | and exhibits incipient lamellar parting 

According to reports by producers, ex- | market. Two mineral-sand mining op- | planes that break under pressure into sharp 

- ports increased significantly during the | erations in India continued to produce chisel-edged plates. It retains this chisel- 

past 10 years. garnet as a byproduct of mineral sands | edged shape even when crushed to a very 

Mineral brokers and other garnet im- | production. Samples of the garnet were | fine size. The NYCO and International 

porters reported to the Bureau about | tested for applications in the United | Garnet Abrasive garnet is a mixture of 

5,000 tons of imported garnet, un- | States, but, to date, the major market andradite and grossularite and the crude 

changed from 1988. Import data for | for the Indian garnet has been Japan. | garnet concentrate may contain diopside/ 

garnet also were not available from the | Norway, Turkey, and the U.S.S.R. pri- hedenbergite (Ca[Mg.Fe]Si,O,). The 

Bureau of the Census. Bureau of Mines | marily produce for local markets. Idaho garnet is an alluvial material with 

data, which are available for only 3 rounded small-to-medium grains. 

years, showed a significant increase in | Outlook Consumers purchase — crushed, 

garnet imports each year. The United The U.S. production and consump- | ground, and graded to size material, 

States was a net exporter of garnet in | tion of industrial garnet over the next 5 | depending on the intended end use. 

1989: exports exceeded imports by | years will be a function of the installed | The sale of garnet for sandblasting and 

114%. capacity. Currently the industry is op- | water filtration is by screen size. Some 

erating at or near capacity. If capacity | popular mesh sizes are minus 7 plus 12, 

World Review can be added, production and con- | minus 7 plus 20, minus 20 plus 40, 

The United States was the dominant | sumption will increase to approxi- | minus 30 plus 50, minus 50 plus 94 and 

world producer and consumer of gar- | mately 60,000 tons per year by 1995. If | minus 120 plus 230. 

net, accounting for approximately 45% | garnet were not available, other abra- Descriptions of testing methods for 

of the estimated world output and | sives could be used in its place, but | materials to be used in coated abrasives 
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manufacture are in American National | bles, serpentine, and peridotite. The geo- | Technology 
Standards Institute (ANSI) Specification | graphical areas in which it may be found 
B74.18-1977* and other sources.? Data | are enormous both in extent and in num- Mining.—At the Barton Mine in 

| on other graded sizes are in another | ber. Commercially attractive industrial | New York, garnet occurs in a metamor- 
ANSI Specification B74.12-1976.* garnet occurrences are not common. | phosed igneous rock. The Ruby Moun- 

Many garnets that occur in deposits of | tain ore body covers approximately 4.1 
Industry Structure.—Currently four | economic size degrade during processing | hectares, which is nearly the entire 

firms produce garnet from five plants | because of internal stresses. These | mountain. The estimated total depth of 
in three States. Barton Mines Corp., | stresses developed in the garnet crystal | the deposit is 50 to 60 meters. The ore 
Warren County, NY, produced garnet during formation and cooling. Stress re- | benches in the mine are about 9 meters 
for use in coated abrasives, glass grind- lieving is not economical; therefore, | high. A drop ball breaks the large 

| ing and polishing, and metal lapping. | these deposits have no commercial value pieces, and power shovels load trucks 
The NYCO Div. of Processed Minerals | as a high-grade abrasive material source. | to haul the ore to the crusher at the 
Inc., Essex County, NY, recovered gar- The best abrasive garnets are of the | mill, about 0.4 of a kilometer away. 
net as a byproduct from its wollastonite | almandite variety but andradite, gros- At Emerald Creek and Carpenter 
operation. It sold both crude garnet | sularite, and pyrope also are used. All Creek, Benewah County, Idaho, strip- 

| concentrate for additional refining and | varieties of garnet have been mined for ping 1 to 2 meters of overburden ex- 
| refined garnet for use as blasting and | gem stones. The garnet occurrence near poses the garnetiferous gravel. Mining 

filtration media. International Garnet | Rangeley, ME, is very unusual. Some | is done with a dragline dredge. 
Abrasives Inc., Clinton County, NY, | classify the host rock as metamorphic, Wollastonite mining at Willsboro, 
produced garnet for use as blasting and | but others, as igneous. The ore exhibits NY, produces a byproduct concentrate 
filtration media. Emerald Creek Gar- | characteristics of both classifications. containing garnet, diopside/heden- 
net Milling Co. continued to operate six | Because it has a very high garnet con- | bergite and minor amounts of wollas- 

. | Mining operations, two jigging plants, | tent, 50% to 80%, some geologists | tonite. The ore at the NYCO mine 
and a single mill in Benewah County, | argue that the ore is a garnet granofel | contains 60% wollastonite, 30% garnet 
ID. Blasting and filtration media was | of metamorphic origin. Others contend | and 10% diopside. After blasting and 
the primary uses of the garnet. Inter- | that the ore is igneous in origin because | loading, the ore is transported 22 kilo- 
national Garnet Abrasives also oper- | of the lack of foliation and other tex- | meters to the plant for separation of the 
ated its garnet reclaiming plant in Jef- | tural considerations. In any case, -the | wollastonite from the garnet/diopside. 
ferson Parish, LA. The petroleum | rock is similar to granite, an igneous : 
industry used the garnet as blasting | rock, except that garnet crystals replace Beneficiation.—Today, practically all 
media. Abrasive garnet production in | the quartz crystals, a major constituent grade-grain abrasive garnet is heat 
the United States began in 1878 at the | of granite. treated as a processing function, not to 
Gore Mountain site of Barton Mines, New York and Maine have the only | improve its inherent abrasiveness. Impu- 
near North Creek, Warren County, NY. | known high-quality garnet reserves in | rities picked up during processing stick to 
During the first year, production was | the United States. A rough estimate | the garnet particle surfaces. These impu- 
less than 100 tons. It was used in coated | suggests that more than 600,000 tons of | rities destroy the cleanliness and capillar- 
abrasives, both paper and cloth.” Bar- | high-quality garnet can be recovered ity needed in later processing to give 
ton Mines Corp. mined and processed | from Barton Mines Corp. deposit on | adhesion for bonding. In the early 
the abrasive-grade garnet on Gore | Ruby Mountain in New York. Other | 1960’s, scientific investigations deter- 
Mountain until the company moved the | similar deposits occur in the area. The | mined that heat treating only cleaned the 
mining operation and processing plant | estimate of reserves in the igneous rock | particle surfaces and that too high a 
in 1982 to the adjoining Ruby Moun- | deposit near Rangeley, ME, are over 1.8 temperature could destroy the abrasive 
tain. The same family has owned Bar- | million tons of garnet. The quantity of | quality of garnet. In the mid-1960’s, the 
ton Mines since its formation. Re- | garnet-bearing gravels reported at Em- | coated abrasive industry accepted uni- 
ported past domestic garnet production | erald Creek and Carpenter Creek in | form color standards. These standards 
was from California, Connecticut, | Idaho is large. A minimum of 450,000 | assured the cleanliness of the grain sur- 
Florida, Maine, New Hampshire, North | tons of garnet is available in the Emer- | face and a color most closely approach- 
Carolina, and Pennsylvania.° ald Creek Garnet Milling Co. deposits. | ing the natural red color of abrasive 

Nine manufacturers at 10 plants pro- There can be little doubt that tremen- | garnet. The heat treatment needed to do 
duced garnet coated abrasive papers | dous reserves of garnet similar to the | this is the RT treatment.? 
and cloths. The locations of the plants | lower priced materials can be located as At Barton Mines Corp., separation of 
are the following: New York and Vir- | needed.’ Also, the production of by- garnet from other minerals is by combi- 
ginia, two each; Massachusetts, Mich- | product garnet from many current min- | nations of crushing and grinding, screen- 
igan, Minnesota, Mississippi, Ohio, | ing operations is possible if demand ing, tabling, flotation, magnetic separa- 
and Pennsylvania, one each. increased. tion, water sedimentation, drying, heat 

Reserves are significant in Australia, | treating, and air separation. Sometimes, 
Geology-Resources.—Members of the | India, and the U.S.S.R. but accurate | the same process will do both sizing and 

garnet group are common accessory | data are not available. Huge inferred | removal of gangue minerals, but usually 
minerals in a large variety of rocks in- | and undiscovered resources are likely to it requires consecutive processes. Particle 
cluding granites, gneisses, schists, mar- | exist throughout the world.® size control is difficult. 
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At Emerald Creek, sizing of the gar- | mineral group category; therefore, data | 117% in tonnage and 40% in value. 

netiferous gravel is by trommeling and | on emery imports are not available. | Staurolite, marketed under the trade 

then treatment with jigs and concentrat- | The Bureau estimated Turkey exported | name Biasill, was used as molding ma- 

ing tables. The garnet concentrate is | approximately 10,500 tons of emery to terial in nonferrous foundries because 

dried, crushed, and screened. The maxi- | the United States. Greece, the second | of its low thermal expansion, high ther- 

mum product grain size is 46 millimeters. | largest producer, exports very little em- | mal conductivity, and high melting 

At NYCO, the processing and bene- | ery to the United States because of the point. Its low softening temperature 

ficiation of the wollastonite/garnet ore | high cost of the material. often restricts its use to nonferrous 

involves two stages. The first stage in- casting. The major use of staurolite 

cludes drying, crushing, screening, and World Review | | was as an abrasive for impact finishing 

recrushing the feed to minus 16 mesh. Turkey, with production of approxi- | of metals and sandblasting of build- 

In the second stage, the minus 16 mesh | mately 21,000 tons, was the world’s ings. The blasting media trade names 

raw material passes over a battery of | largest producer of emery. The second | were Starblast (80 mesh) and Siasill (90 

screens to attain minus 16, minus 20, | largest producer was Greece, with a mesh). A coarse grade (55 mesh) also 

minus 40 and minus 60 mesh splits. | total production of about 8,500 tons. | was used as an abrasive. Some portland 

Then a battery of magnetic separators . cement formulations consumed a mi- 

removes the garnet fraction from these | _.-_——— SSS. | NO. ammount. As regulations limiting 

splits. The final product includes four | STAUROLITE the amounts of free silica in airblasting 

sizes bagged for shipment. ______—__—_# — ——— | media became more stringent, the de- 

mand for staurolite increased. 

Staurolite is a naturally occurring, 

EMERY complex, hydrated aluminosilicate of | Foreign Trade | 

i | iron having a variable composition. Neither the Bureau of the Census nor | 

The mineral most commonly occurs as | the staurolite industry reported any ex- 

Emery is an impure corundum con- | opaque, reddish-brown to black crys- | ports or imports of staurolite. Given 

taining magnesium-aluminum silicates. | tals. It has a specific gravity ranging | the limited market and the price per 

It is used as an abrasive aggregate for | from 3.74 to 3.83 and Mohs’ hardness | ton, no international market for stau- 

nonskid, wear-resistant floors, pave- | of between 7 and 8. rolite is anticipated in the near term. 

ments, and stair treads, as tumbling or | | | 

deburring media, and, also, inthe man- | Production World Review 

ufacture of coated abrasives. Georgia, North Carolina, and Vir- India continued to produce small 

ginia produced mineral specimen stau- | amounts of staurolite for local con- 

Production rolite crystals. The crystals were in the | sumption. Other countries sometimes 

A single firm, Oregon Emery, Albany, | cruciform twinned form commonly produce small amounts of staurolite as 

OR, produced emery in 1989. Produc- | called “fairy crosses.” E.1. du Pont de | a byproduct of mineral sands or gem | 

tion from the historical producer near | Nemours & Co. Inc. produced indus- | stone production. 

Peekskill in Westchester County, NY, | trial grade staurolite in Florida. Pro- | | 

stopped in 1988. duction industrial staurolite increased | _.- —§ SSS 

117% in quantity and 41% in value | INDUSTRIAL DIAMOND 

Consumption compared with those of 1988. EAC 

The Bureau estimated that the United Industrial staurolite was a byproduct : 

States consumed approximately 12,000 | of heavy-mineral concentrates recov- Industrial diamond is natural dia- 

tons of emery in 1989. Imports from | ered from a beach sand in Clay County, mond that does not meet the standards 

Greece and Turkey accounted for most | north-central Florida. Electrical and | of gem diamond because of its color, 

of the material consumed. Four firms | magnetic separators remove staurolite | size, or other imperfection. Or it may 

processed and distributed emery for do- | from the concentrates after. scrubbing, | be a synthetic diamond that is tailor- 

mestic consumption: Washington Mills | washing with caustic, rinsing, and dry- made for industrial applications. 

Abrasives Co.; Emeri-Crete Inc.; Oregon | ing. About 77% of the resulting mate- 

Emery; and General Abrasives Co. rial was cleaned, rounded, and uni- Government Programs 

formly sized grains of staurolite, with The National Defense Stockpile for 

Foreign Trade minor amounts of tourmaline, ilmenite | industrial diamonds, as of December 

The United States did not export | and other titanium minerals, kyanite, | 31, 1989, had a goal and an inventory 

emery in 1989, nor has it exported | zircon, and quartz. The nominal spec- of 22 million carats for crushing bort. 

emery in the past 10 years. During the | ification for the composition of the The goal for industrial stones was 7.7 

past 10 years, the U.S. may have reex- | material was 45% aluminum oxide | million carats and the inventory was 

ported a small amount of emery. The | (minimum), 18% ferric oxide (max- 7.78 million carats. There were no sales 

Bureau of the Census reports emery | imum), 5% silica (maximum), and 3% | of industrial diamonds from the stock- 

exports and reexports in mineral group | zirconium dioxide (maximum). pile during 1989. Currently, there 1s 

categories; thus, exact data on emery legislative authority for disposal of 

are not available. The Bureau of the | Consumption and Uses 2,355,150 of industrial stones, but 

Census also reports emery imports in a Shipments of staurolite increased | there were no disposals during the year. 
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The inventory of small diamond dies | past 10 years was about 59.6 million | The sizes range up to | meter in diam- 
was 25,473 pieces, compared with a | carats. During this period, two differ- | eter for very large industrial wheels. 
goal of 60,000 pieces, but no purchase | ent trends for consumption occurred. | Sharpening and shaping of carbide ma- 
authorization was issued. The average annual consumption for | chine tool tips, grinding of dies, edging 

1980-1984 was 43.2 million carats, and | of plate glass, and optical grinding 
that for 1985-1989 was 76% greater or | were among the primary applications Production 76.1 million carats. The second trend | of diamond grinding wheels. Very thin 

The United States was the world’s | was the result of the strong movement | saws sliced wafers from brittle metals 
largest producer of synthetic industrial | to industrial diamond by U.S. manu- | and crystals for use in electronic and 
diamond. This made the United States | facturers. This was because of the eco- | electric devices. 
independent of foreign sources for | nomic advantages in removing material Finishing optical surfaces, jewel bear- 
crushing bort or similar diamond ex- | and finishing surfaces using industrial | ings, gem stones, wiredrawing dies, cut- 
cept the grit sizes larger than about 20 | diamond and diamond tools and wheels. ting tools, and metallographic specimens 
mesh. Having no production of natural | Additionally, the continued economic | were the primary uses of polishing and 
diamond, it was dependent on other | growth of the U.S. industrial sector in- lapping powder and compounds. Hun- 
countries for its natural diamond supply. | creased demand for most types of indus- | dreds of other important items made 

Three domestic firms produced syn- | trial diamonds. from metals, ceramics, plastics, and 
thetic industrial diamond in the United Diamond is far harder than any other | glass also were finished with diamond 
States: Du Pont Industrial Diamond | natural or artificial abrasive material. It | compounds. 

| Div., Gibbstown, NJ; General Electric | was essential for some uses and much Changes in technology and conven- 
Co., GE Superabrasives, Worthington, | more efficient than other abrasives for | tional wisdom resulted in an increased 
OH; and Megadiamond Industries Inc., | many others. The primary uses for in- | use of synthetic industrial diamonds and 
a subsidiary of Smith International Inc., | dustrial diamond stones were in drilling | polycrystalline diamond shapes (PDS) 
Provo, UT. A fourth company, U.S. Syn- | bits and reaming shells, single- or multiple- | and compacts (PDC) for many of the 
thetics Corp., Orem, UT, manufactured | point tools, saws, and wiredrawing dies. | uses listed above. In the past 3 years, the 

| polycrystalline diamond from purchased | Miscellaneous uses for stones include | use of PDS, PDC, and matrix set syn- 
synthetic diamond grit. U.S. Synthetics | engraving points, glasscutters, bearings, | thetic diamond grit increased in drilling 
had the capability to manufacture syn- | surgical instruments, hardness testers, ra- | bits and reaming shells. The manufacture 
thetic industrial diamond grit, but chose | diation counters, and other instruments | of single- and multiple-point tools use 
not to for economic reasons. Domestic | and special tools. PDS and PDC. Many manufacturers of 
production did increase significantly. Mineral, oil, and gas exploration were | diamond wire-drawing dies use PCD. 
The United States continued to be the | the primary uses of drilling bits and | Diamond saws, diamond wheels, and 
largest single producer of synthetic in- | shells. Foundation testing for dams, | diamond abrasive grit and powder still 
dustrial diamond, a role it has enjoyed | buildings, and other construction also | are made almost exclusively from syn- 
since 1957. Over the past 10 years, pro- | used diamond bits and Shells, as did | thetic diamond. 
duction increased at an average rate of | masonry drilling in buildings for con-— 
9% compounded annually. duits and access, testing of concrete in | Prices 

U.S. secondary production of indus- | various structures, and other similar ap- The Bureau of Mines does not collect 
trial diamond was from the following | plications. The primary uses of diamond | price data on industrial diamonds. The 
five firms: Industrial Diamond Labora- | tools were for dressing and trueing grind- | Bureau did track the average import 
tory Inc., Bronx, NY; Industrial Dia- | ing wheels and for cutting, machining, | value of various classifications of in- 
mond Powders Co., Pittsburgh, PA; In- | boring, and finishing metals. Beveling | dustrial diamonds. The average value 
ternational Diamond Services Inc., | automobile glass windows also was a | of US. imports of natural grit and 
Houston, TX; Keenkut Inc., Keene, NH; | use. Cutting dimension stone, ceramics, 
and National Research Co., Fraser, MI. | and concrete in highway reconditioning 
The firms reclaimed a total of about 3.6 | were the major uses of diamond saws. TABLE 10 
million carats from used drill bits, dia- | The forming of refractory shapes for 
mond tools, and wet and dry diamond- | furnace linings also uses diamond saws. U.S. IMPORTS FOR 
containing waste, a decrease of 50% | Diamond wire dies were essential for | CONSUMPTION OF INDUSTRIAL 
compared with that of 1988. high-speed drawing of fine wire, espe- DIAMOND (EXCLUDING 

cially from hard, high-strength metals DIAMOND DIES) 
. and alloys. (Thousand carats and thousand dollars) Consumption and Uses Diamond grit, powders, and frag- 

The United States continued to be | mented bort go into diamond ginding | Ha WH . . . . Year Quantity Value the largest single consumer of indus- | wheels, saws, impregnated bits and tools, | ———————_—__-= >_> 
trial diamond. The Bureau of Mines | and loose abrasives compounds for lap- 1985 6,222,127, 191 
estimate of apparent consumption of | ping and polishing. 1986 45,991 i106 48 
industrial diamond was approximately The three major types of grinding | 1987 48,877, «98S, 559 
79 million carats, a decrease of about | wheels—resinoid, metal, and vitrified | 1988 71,147 130,300 
8% compared with 1988 consumption. | bonds—were made in many shapes and | 1989 70,342 105,295 
Average annual consumption for the | sizes designed for specific applications. | source: Bureau of the Census. 
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powder, synthetic grit and powder, and | U.S. exported and reexported approxi- | during this period, the quantity of natu- | 

industrial stones was $0.63 per carat, | mately 2.8 million carats of industrial | ral grit and powder decreased from 23 % 

$0.74 per carat, and $6.94, respectively. | stones, valued at $33.2 million. to 20% of total grit and powder imports. 

The average annual value of imported Six countries received approximately | During 1989, four countries supplied 

natural grit and powder for the past 10 | 76% of the total U.S. exports of syn- | 79% of U.S. imports of natural grit and 

years was $1.43 a carat. The high value | thetic grit and powder. The countries | powder: Ireland, 49%; the United King- 

was $2.86 in 1980 and the low was | and the percentage of exports they re- | dom, 13%, U.S.S.R., 11%; and Japan, 

$0.63 in 1989. The average value of | ceived were: Japan, 30%; Federal Re- | 6%. The U.S.S.R. was the only producer 

natural grit and powder, in current | public of Germany, 21%; Ireland, 6%; | of natural diamonds in this group. 

dollars, declined every year since 1980. | Italy, 7%; Belgium, 7%; and Republic The average annual imports of syn- 

The 1980 average value was 452% | of Korea, 5%. Six countries received | thetic diamond grit and powder were 

greater than that of 1988. about 74% of the total U.S. exports of | 26.8 million carats a year for the past 

The average annual value of im- | industrial stones. The countries and the | 10 years. The high was 50.7 million 

ported synthetic grit and powder for | percentage of exports they received | carats in 1988 and the low was 10.9 

the past 10 years was $1.41 acarat. The | were: Ireland, 30%; Belgium, 17%; | million carats in 1981. Imports in 1989 

high value was $1.86 a carat in 1981 | Federal Republic of Germany, 27%; | were about 3% less than in 1988 and 

and the low was $0.74 in 1989. The | Japan, 10%; Canada, 4%; and France, | 311% greater than in 1980. The trend 

average value of imported synthetic grit | 2%. of synthetic grit and powder imports 

and powder decreased every year since The average annual exports plus re- | over the past 10 years has been one of 

1981. The 1989 value declined 60% | exports of natural and synthetic grit | an early decline of about 8% over 2 

compared with 1981, and the decline | and powder for the past 10 years was | years followed by continued strong 

| from 1988 to 1989 was 31%. During | 46.0 million carats, with an average | growth until the slight decline in 1989. 

the last 10 years, a major change oc- | value of $85.9 million. The highest | The average annual compounded 

| curred in the relationship of the average | level of exports plus reexports during | growth rate for the 10 years was about 

value of natural grit and powder to the | the past 10 years was 78.2 million carats | 17%; but the average annual com- 

average value of synthetic grit and pow- | valued at $119.1 million in 1989. The | pounded rate of growth from the low in 

der. In 1980, the average value of nat- | lowest was 28.5 million carats in 1980 | 1981 through 1989 was about 21%. The 

ural grit and powder was 65% greater | and 1981, and valued at $65.8 million | level of imports in 1988 and 1989 indi- 

than the average value for the synthet- | in 1981. The trend of exports plus | cated that the growth trend has begun 

ics. In 1989, the average value for the | reexports for the past 10 years was one | to increase at even a greater rate. Four 

| synthetics was 17% greater than that | of continued growth. There was an countries furnished 82% of the syn- 

for natural material. Natural grit and | increase of 178% over the period or an | thetic diamond grit and powder im- 

powder declined in value at a much | annual average compounded growth | ported into the United States in 1989: 

greater rate than did synthetic grit and | rate of just under 12%. The increase | Ireland, 59%; Japan, 10%; U.S.S.R., 

powder. | from 1988 to 1989 was about 5%, less | 8%; and Romania, 5%. 

The average annual value of im- | than one-half of the 10-year average The 10-year average for imports of 

ported industrial diamond stones for | rate. industrial diamond stones was 6.9 mil- 

the past 10 years was $9.92 a carat, with The average annual exports plus re- | lion carats a year, with a high of 9.4 

a high value of $13.93 in 1981 and a | exports of industrial stones for the past | million in 1985 and a low of 3.9 million 

low of $6.94 in 1989. The trend for the | 10 years were 3.0 million carats a year, | in 1987. Imports of industrial dia- 

value of industrial stones was mixed for | and the average value was $31.9 mil- | monds lacked a distinct trend during 

the past 10 years. There was a 23% | lion. The high was 3.6 million carats in | the period; the quantity imported in 

decrease in the average value. The pe- | 1980 and 1986, and the low was 1.9 | 1989 was about 42% greater than the 

riod started with 2 years of increasing | million carats in 1982. There was no | quantity imported in 1980. The 1989 

values, followed by 3 years of lower | distinct trend for the past 10 years. | imports were about 27% greater than 

values. Values over the final 5 years | Exports plus reexports of about 2.8 | 1988 imports, but 1988 imports were 

were alternating decreases and in- | million carats were 7% less than in | less than the 10-year average. 

creases. The 1989 average value was 5% | 1988, but 22% less than in 1980. The The United States was a net exporter 

less than the 1988 value, 27% less than | 1989 exports plus reexports were 22% | of diamond grit and powder and a net 

the 1981 high, and 23% less than the | less in quantity than the 10-year high in | importer of industrial diamond stones. 

1980 value. 1980 and 1986. The U.S. was a net exporter of indus- 

The average annual imports of natural | trial diamond based on the total quan- 

diamond grit and powder was 7.3 million | tity and total gross value. The excess 

Foreign Trade carats a year for the past 10 years. The | trade balance in industrial diamonds 

The United States was the largest ex- | high was 13.0 million in 1988 and the low | was about 10.8 million carats and $47.2 

porter of industrial diamond grit and | was 3.3 million in 1982. Imports as meas- | million. 

powder in the world. The United States | ured in carats were about 7% less than 

exported and reexported a record 78.2 | 1988 and 235% greater than 1980. The 

million carats of natural and synthetic | trend for the quantity of natural grit and | World Review 

grit and powder. The material was worth | powder imported over the past 10 years Botswana and the Republic of South 

a record $119.1 million. Additionally, the | was one of significant increases. Yet, | Africa were the largest producers of 
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TABLE 11 | 

U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL DIAMOND, BY COUNTRY! 

(Thousand carats and thousand dollars) : 

Natural industrial diamond a Diamond powder and _ 
stones fnciuding glazers’ and na amo dust, synthetic | aoa ea " onal and | 

, engravers’ diamond, unset)’ ——_(7192.21.1010 and .1020)° (7105.10.0020 5.0030 (7105.1011 and .0015)*® | Country (7102.21.4000 and .3000) and .0050) 
1988 1989 1988 1989 1988 1989 1988 1989 

| Sig Value Sige Value Ca Value Site Value Cian Value Cen Value Sige Value Cia Value : 

Australia 45 $597 7 $108 — — 56 $98 — — 29 $33 1 $8 = — = 
Belgium- 

Luxembourg 648 5,890 123 1,927 8 $27 35 1,111 174 $764 950 682 462 412 231 $183 

Canada 31 90 3 12 8 18 (°) 4 119 75 127 81 256 82 85 33 
China — — 2 2 — — 1 8 — — 634 308 — — — — 

- | Finland — — — — — — — — 128 318 — — — — — — 

France 253 431 3 474 34 71 6 18 — — 2 4 — — — — 
Germany, Federal 13 151 17 119 64 115 2 2 2,181 975 1,173 581 133 237 =. 260—- 229 
Republic of 

Ghana 240 4,785 246 83,221 2 39 104 918 14 90 1 2 26 109 4 5 

Greece — — — a — — 256 115 164 924 — — — = 
Hong Kong — — 2) 215° — — 10 281 — _ 55 59 — — 15 23 
Ireland 257 966 901 3,219 348) =2,259 1,749 5,488 37,642 46,111 29,010 26,273 4,748 5,310 5,965 3,008 

Israel 3 ' 232 5 425 — — (’) 53 (°) 33 — — 80 26 — — 

. Italy — — 4 13 — — 7 2 679 307 = 2,116 924 — — 29° ~=74 

Japan 353: 1,589 3 201 — — 19 881 5,583 3,463 5,093 3,107 1,941 1,312 735 219 
Mexico | — a — 2 . 25 2 14 — — — — — — —- = 
Netherlands 99 1,660 6 1,039 1 64 15 1,406 (>) 21 — — — — 5 4 

. South Africa, | . : 
Republic of (°) 1 28 546 1 3 — — — — — _ 2 1 — — 

Switzerland 8 300 (’) 46 5 7 6 678 862 723 2,015 _~—-:1,135 735 385 867 715 

U.S.S.R. — — 20 68 — — — — 430 114 3,794 1,192 3,265 1,294 1,380 496 |. 

United Kingdom 1,447 26,829 949 9,648 49 108 322 11,431 629 479 1,349 879 988 930 1,566 1,470 
Zaire 2,736 10,249 3,425 8,512 6 22 192 3,331 31 50 (?) 4 216 321 795 1,096 

Other 193 7,434 490 4,815 35° 207 22 +702 2,020 1,263 2,954 449 142 88 __149 67 

Total © 6,326 61,204 6,232 34,610 563 2,965 2,558 26,426 50,748 54,901 49,466 36,637 12,995 10,592 12,086 7,622 
'Excludes 251,600 carats of crushing bort from Belgium-Luxembourg, Japan, and the United Kingdom in 1988. 

* Customs value. 

3 Includes and 10,000 carats of synthetic miners’ diamonds in 1988. 

*H.T.S. codes. 

> Formerly TSUSA No. 520.2900. 
° Formerly TSUSA Nos. 529.1900 and 520.2340. 
7 Formerly TSUSA Nos. 520.2000; 520.2020; 520.2040; 520.2060 and 520.2100. 

® Formerly TSUSA No. 520.2800. 
° Less than 1/2 unit. 

Source: Bureau of the Census. 
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good-quality industrial diamond | Botswana and The Republic of South | mestic demand for every end use over 
stones. Australia and Zaire were the | Africa. Other smaller but significant | the next 5 years. The increases for 
world’s largest producers of natural | producers were China, Brazil, Venezu- | synthetic grit and powder are expected 
industrial diamond, and were the pri- | ela, Angola, and Ghana.'' Total world | to be greater than the increases for 

| mary sources of natural crushing bort | output of natural industrial diamond in | natural. The constant-dollar prices of 
as well as substantial producers of in- | 1989 was approximately 51.8 million | these materials, especially the synthetic 
dustrial stones. Estimates suggest that | carats, a slight increase over 1988. diamond products, should continue to 
the U.S.S.R. was the third largest pro- decrease or at least remain constant, 
ducer of natural industrial diamond | Outlook because planned production increases 
but reliable data were lacking.'° The Diamond grit and powder should | should make them more cost effective. 
next largest, in order of volume, were | experience substantial increases in do- | The greatest increases will occur in the 
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TABLE 12 contract construction industry, because | ally is crushed into finer material. Orig- 

WORLD INDUSTRIAL DIAMOND | large quantities of saw-grade diamond | inally, the term was the name for all 

ANNUAL PRODUCTION will be required for the tools used in | crystalline diamonds not usable as 

CAPACITY,! DECEMBER 31, 1989 highway and bridge repair and replace- | gems; later it designated those dia- 
ment. Large increases also are expected | monds not usable as gems, tool stones, 

(Carats) in the dimension stone industry as a | die stones, or drill stones. Currently, 

cutting .and polishing media. The | the term refers to low-grade industrial 

Country Rated capacity ' stone, clay, and glass industries will diamond suitable only for use in a 

Natural Synthetic increase their uses in cutting, shaping, | fragmented form. 

North America: and polishing media. Additionally, Most synthesized diamond marketed 

United States — 100,000,000 | Polycrystalline synthetic diamond com- | to date is 20 to 30 mesh and smaller. 

SouthAmeica: 9 s—(‘é<~SCSF:'|: pacts and shapes will continue to dis- | Recently, producers began to make syn- 

Brazil SS~SC~S*«*Y; 280,000 __ | place natural diamond stone and tung- thetic stones of 2 carats Or larger. En- 

Guyana 10,000 __ | Sten carbide drill bits in the mineral | gineered pieces of this material are mar- 

Venu SC«BOO,000 ___| services sector. The probable average keted rather than the entire stone. 

_ Venezuela OU | annual growth rate in U.S. production | Polycrystalline synthetic diamond com- 

__Total___—_1,860,000 _____— | is about 6%, based on estimates by | pacts and shapes can replace some 

Africas U.S. producers. Domestic production | larger stones. There are several types of 

Angola 200,000 — | of synthetic material is sufficient to | synthetic diamond. They range from 

Botswana 5,000,000 — | supply U.S. diamond grit and powder | very friable material with a highly ir- 

Central African demand. The United States also will | regular shape to blocky, regular shapes 

___ Republic 200,000 — | continue to be a major exporter. with excellent crystal structure. The 

Ghana 750,000 — The major domestic end use for in- | manufacture of industrial diamond 

Guinea 25,000 — | dustrial stones in the next 5 years will | stones is not commercially viable. 

Liberia 200,000 _ | continue to be in the oil, gas, and The metric carat, 0.2 gram, is the 

“Namibia —_—«*100,000 __ | mineral industry. These stones are nat- | unit of measure for industrial dia- 

Sierra Leone —100,000 10,000 | Ural and cannot yet be manufactured | mond. One pound contains 2,268 car- 

“South Africa. commercially. Polycrystalline synthetic | ats, and 1 kilogram contains 5,000 car- 

Republic of 8,000,000 20,000,000 | diamond compacts and shapes have | ats. The.carat is equal to 100 points. 

Tanzania 100,000 __| had a major negative impact on the | Diamond grit and powder sizes are 

Zaire -:30,000,000 __ | natural industrial diamond stone mar- | identified by U.S. standard screen clas- 

“Total «44,675,000 20,010,000 kets. This will limit the growth of U.S. | sifications, by American National 

kop: ————"— | demand for stone over the next 5 years. Standards Institute (ANSI) Specifica- 

— U.S. consumption should average be- | tion B74.16-1971,-” ANSI Specifica- 

_ Czechoslovakia _ — 5,000,000 | tween 6 and 7 million carats a year for | tion B74.20-1981,'* and by a proposed 

_ France — 4,000,000 | the next 5 years. Approximately 50% of | standard developed by the Industrial 

Greece — 1,000,000 | the potential natural stone applications | Diamond Association!> for subsieve 

Ireland — 90,000,000 | will be replaced by the synthetic com- | micron sized diamond or cubic boron 

Romania — 5,000,000 | pacts and shapes by the year 2000. nitride powders. The terms “sand,” 

Sweden _ 25,000,000 “srit,” and “powder” also describe de- 

USSR. 8,000,000 —- 70,000,000 creasing orders of fine diamond. 

Yugoslavia _ 5,000,000 Background Machine-shop waste containing dia- 

“Total ~S~S;000,000 205,000,000 —_ _ mond is sludge if obtained from wet 

cz 0 —— Definition, Grades, and Specifica- grinding, and swarf if obtained from 

———+_________—. | tions.—Natural industrial diamond is | dry grinding. 

China 800,000 60,000,000 | diamond that, because of color, struc- 
_India 5,000 — | ture, size, or shape, is unsuitable for 

_Indonesia 30,000 — | use as gem stones. Major categories are | Industry Structure.—The original 

Japan — 3,000,000 | industrial stones (die stones, tool | discoveries of diamond in India, Bor- 

Total 835,000 63,000,000 | stones, and drilling stones), crushing | neo, and Brazil, and later in the Repub- 

Oceania: bort, and grit and powder. The distinc- | lic of South Africa, were due to chance 

Australia 25,000,000 _ | tion between stone and grit is not well | finds by local inhabitants. Certain de- 

World total 80,370,000 420,010,000 | defined; generally, the dividing line is a | sirable characteristics in diamond were 

Tyncludes capacity at operating plants as well as plants on standby | ange Of sizes. Stones usually are par- noted first in India and led to active 

basis. Rated capacity based on 340 days per year effective operation. | ticles larger than 16 to 20 mesh, grit | searches by open pit workings and con- 

from 16-20 mesh to 325-400 mesh, and | centration by hand methods. 

powder as particles smaller than 325 to The first industrial use of diamond 

400 mesh. These categories are subdi- | was probably as diamond powder for 

vided further into over 100 groups. !? polishing gem diamonds and other pre- 

Bort is natural diamond that occurs | cious stones. The art of diamond cut- 

in finely crystalline aggregates and usu- | ting and polishing was known in India, 
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| TABLE 13 | 

DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY ! 

| (Thousand carats) 

1985 1986 1987 1988? 1989° 

Natural 
Country _ a a 7 

; yn _ Syn- 

Gem? I4US- total Gem? Indus- Total Gem? ™44S- total Gem? Indus- total the +Gem2 /ndus Total __ the- 
trial trial trial trial tic? trial tic? 

Angola 464 250 714 240 10 *°250 180 10 °190 950 50 °*1,000 — 950 50 1,000 — 

Australia | 4,242 2,828 7,070 13,145 16,066 29,211 13,650 16,683 30,333 17,517 17,517 35,034 — 17,540 17,540 35,080 — 

Botswana 6,318 6,317 12,635 9,590 = 3,500°13,090 9,368 3,840 13,208 10,660 4,569 15,229 — 10,676 4,576 415,252 — 

Brazil 233 217 450 310 315 625 320 325 645 353 180 533 — 350 #200 550 — 

Central African 

Republic 190 87 277 259 99 358 §=6. 304 108 412 284 59 343 — 280 60 340 — 

China‘ 200 800 1,000 200 800 1,000 200 800 1,000 200 800 1,000 15,000 200 800 1,000 15,000 

Cote d’Ivoire 

(formerly Ivory 

Coast)*° > 15 5 20 10 4 14 15 6 21 "8 "3 "11 — ll 4 15 — 

Czechoslovakia — — — — — — — — — — — — £5,000 os — — 5,000 

France — a — — — — Se Se ee — 000° — — — 4,000 
Ghana® 60 576 636 88 498 "586 65 400 465 165 495 ©7660 — 168 452 7620 — 
Greece — — = — — — — — — (% = (8) ©1,000 — — — 1,000 

Guinea ® 123 9 132 190 14 204 163 12 175 136 10 146 — 1138 *10 17148 — 

Guyana * 4 7 11 3 = «6 49 "2 "5 "7 1 3 44 — 2 3 5 — 

India 14 2 16 413 3 16 13 3 "16 12 3 15 — 3 11 14 — 

Indonesia * 5 22 27 "6 22 *28 "7 "22 29 "7 22 "29 — 7 25 32 — 

Ireland — Se — — — = ee — ‘60,000 — — — 60,000 
Japan — — — — — —- — — — — — — 25,000 — — — 25,000 

Liberia 66 72 138 63 189 252 60 190 ‘°250 67 100 167 — 68 102 170 — | 

Namibia 865 45 910 970 40 1,010 971 50. 1,021 901 37 938 — 970 30. ~=—1,000 — 

Romania — — — — — _— — — — — — — £5,000 — — — 4,500 

Sierra Leone? 243 106 349 215 100 315 150 75 = 225 100 75 ©175 — 100 75 175 _— 

South Africa, | 

Finsch Mine 1,770 3,184 4,954 1,821 3,208 5,029 1,455 2,701 4,156 1,372 2,548 3,920 — 1,613 2,997 44,610 — 

Premier Mine 820 1,864 2,684 882 1,977 2,859 772 1,713 2,485 696 1,543 2,239 — 689 1,526 42,215 — 

Other De Beers’ | 

properties” 1,500 569 2,069 1,428 529 1,957 1,427 546 1,973 1,388 $31 1,919 — 1,360 520 41,880 — 

Other 460 35.495 342 41 383 409 30 ©6439 = 361 65 *°426 — 348 63 411 — 

| Total 4,550 5,652 10,202 4,473 5,755 10,228 4,063 4,990 9,053 "3,817 '4,687 ‘°8,504°°55,000 4,010 5,106 9,116 60,000 

Swaziland 13 8 21 23 16 39 "48 "32 ‘80 44 29 73 — 33 22 455 — 

Sweden — — — — — — — — — — — — £25,000 — — — 25,000 

Tanzania 165 71 236 133 57 190 105 45 °150 105 45 “150 — 105 45 150 — 

ULS.S.R.* 4,400 6,400 10,800 4,400 6,400 10,800 4,400 6,400 10,800 4,500 6,500 11,000 41,500 4,500 6,500 11,000 41,500 

United States — — — — — —_ — ~ — — — — W — — — W 

Venezuela 35 180 39215 45 189 234 35 63 98 55 53 108 — 55 60 115 — 

Yugoslavia — — — — — — — — — — — — £5,000 — — — 5,000 

Zaire 4,032 16,127 20,159 4,661 18,643 23,304 3,885 15,540 19,425 2,734 15,493 18,227 — 2,850 16,150 19,000 — 

Total 26,237 * 39,781 66,018 "39,037 ‘52,726 91,763 38,004 49,599 87,603 42,616 50,730 93,346 ©241,500 43,016 51,821 94,837 246,000 

“Estimated. ? Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

' Table includes data available through May 16, 1990. Total diamond output (gem plus industrial) for each country actually is reported except where indicated by a footnote to be estimated. In contrast, the detailed 

separate production data for gem diamond and industrial diamond are Bureau of Mines estimates in the case of every country except Australia (1985-87), Botswana (1987), Brazil (1987), Central African Republic 

(1985-88), Guinea (1985-89), and Liberia (1985-86), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial diamond is conjectural, 

and for most countries, is based on the best available data at time of publication. Estimated distribution figures have been revised as necessary to correspond to reported total production figures. 

? Includes near-gem and cheap-gem qualities. 

3 Includes all synthetic diamond production. , 

* Reported figure. 

> Figures are estimates based on reported exports and do not include smuggled diamonds. 

© Figures do not include smuggled artisanal production. 

7 Includes estimates for artisanal production. 

8 Revised to zero. 

, ° Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, and the Namaqualand Mines. 
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probably well before 1400. Glasscutting | an occurrence of kimberlite large enough | tables and grease belts, electromagnetic 

was an early application of diamond in | and sufficiently diamondiferous to be | separators, electrostatic separators, Op- 

industry. It was the most important use | mined. The size and shape of these pipes | tical sorters, X-ray sorters and other | . 

of industrial diamond until the 1860’s. | depend on the manner in which molten | devices. In all processing plants, hand 

England issued a patent in 1819 for | kimberlite passed through the country | sorting is the final recovery process.!® 

drawing wire through a diamond die. | rock. They may be columnar, tabular, or Reclaiming industrial diamond stones | | 

Diamond wiredrawing dies gave close | irregular in shape. Where mining is deep, | from drill bits and grit from the wastes 

dimensional accuracy to wire, even af- | the diamond pipe always decreases in | generated in grinding, sawing, and other 

ter long periods of use. area and assumes a dikelike habit. The | operations is common. This is because of 

The use of diamond for metalcutting | diamond may contain inclusions of | the high unit value of diamonds. Recla- 

began in the 1860’s, but the high price of | many minerals, and many of these min- | mation processes include physical meth- 

diamond tools was a drawback to their | erals have inclusions of diamond. These | ods such as distillation to remove cool- oo 

acceptance. As the economic advantages | accessory minerals include olivine, gar- | ants and lubricants, followed by; | 

of using diamond tools became known, | net, diopside, ilmenite, magnetite, rutile, electrostatic, magnetic, or flotation sep- 

demand increased rapidly. and phlogopite. Every mine has some | aration. Reclamation also uses chemical 

The use of the first diamond drill |: diamond that is typical of it, but most | methods including combustion, acid 

was in 1864. The discovery of diamond | diamond is indistinguishable from that | treatment, and fusion with alkalies.'? 

in The Republic of South Africa in 1867 | of other mines. | -| The treatment used depends primarily on 

provided ample supply for the new and Currently, about 40% of diamond is | the contaminants present. 

growing demand for diamond drill bits. | from alluvial deposits. These may be ~ Commercial production of synthetic 

With the introduction of cemented | alluvial placers, recent or elevated marine | diamond grit is by two basic methods. 

tungsten carbide cutting tools during | beach placers, or glacial deposits. Often | Currently, the primary method used in- 

World War I, industrial diamond use | the distance of transport has been great. | volves the application of ultrahigh pres- 

increased. The cause of the increase was | In many areas, the diamond-bearing, | sure and high temperature to carbon- 

that diamond was the most effective | alluvial placers were deposited in former | metal catalyst mixtures by powerful 

agent in grinding tungsten carbide. Re- | drainage systems unrelated to any present hydraulic presses. This method uses py- . 

quirements for industrial diamond ex- | system. 16 | rophyllite and other materials for the 

panded tremendously because of World reaction vessel. Pyrophyllite for this pur- 

War II, when demand increased for pose is from the Republic of South Af- 

grinding wheels, die stones, tool stones, Technology.—Mining.—Currently the | rica, where the local name for it is won- 

_| drill bits, dresser stones, and polishing United States has no commercial depos- | derstone. The major user of the method 

dust. The apparent supply of industrial | its of diamond. In other countries, min- | now uses synthetic reaction-vessel mate- 

diamond decreased rapidly following | ing methods range from very crude hand | rials, alleviating the dependency on for- 

World War II. | mining and panning to block caving of | eign sources for pyrophyllite. The mate- | 

In 1955, General Electric Co. an- | kimberlite pipes. Large-scale surface | rial used for these replacement reaction 

nounced the development of a process | mining operations in Australia, Zaire, | vessels is proprietary. The other method 

for the manufacture of diamond at its | Angola, Namibia, and Sierra Leone!’ | employs explosive shock to the carbon- | 

Schenectady, NY, laboratories. Com- | use modern equipment, such as continu- | metal catalyst mixtures. | 

mercial production started in 1957 at its | ous bucket-wheel excavators, power Industrial diamond particles of good 

plant in Detroit, MI. In 1969, produc- | shovels, draglines, scraper-loaders, and quality up to 20 mesh and perhaps 

tion moved to Worthington, OH. In | motor trucks to remove overburden and | larger are produced. The shape and | 

1959, De Beers Consolidated Mines | to mine and transport the diamond ore. | other characteristics can be controlled 

Ltd., announced the manufacture of by proper manipulation of the vari- 

industrial diamond at its laboratory in ables, pressure, temperature, time, and 

Johannesburg, Republic of South Af- Processing.—The type of ore, size of | catalyst type. Only micrometer-size 

rica. Since these two announcements, | operation, and other factors decide the | particles are presently available from 

the production of synthetic diamond by | types of processing equipment used. | the explosive process. Other methods 

General Electric, De Beers, and others | Crushing, where necessary, is done | of diamond synthesis exist, but none 

continued to increase. Today it exceeds | mostly with gyratory and roll crushers | are in commercial use in the United 

the production of natural diamond | to avoid impact to diamond stones. | States. Other countries produce diamond 

worldwide about five times. Additional grinding is done with attri- | grit; all apparently use the ultrahigh- 

tion and ball mills to further separate | pressure, high-temperature method in- 

the gangue from diamond stones. | volving hydraulic presses. 

Geology.—The major source of in- | Clayey ore may require the uses of log Polycrystalline synthetic diamond 

place diamond is kimberlite, an altered, | washers. Diamond washing pans, jigs, | compacts are a laminated structure of 

dark-green basic rock of igneous origin. | heavy-medium separators, or hydrocy- | synthetic diamond powder bonded to a 

Throughout the world there are approx- | clones collect the primary or interme- cemented carbide substrate. Their pro- 

imately 1,000 occurrences of kimberlite, | diate concentrates. Depending on the duction is by a proprietary high-pressure, 

but most do not contain diamonds or do | types, shapes, and sizes of diamond | high-temperature process that gives the 

not contain diamonds in economic quan- | present, various final treatments are | product excellent uniform physical 

tities. The term “diamond pipe” refers to | used. They include the use of grease | properties.” 
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The polycrystalline synthetic dia- | an offset against a goal of 344,053 tons | data on the prices of various grades of 
mond shape is a dense, nonporous, | of abrasive-grain bauxite. fused aluminum oxide. It did collect 
fully intergrown product that is ther- data on the value of fused aluminum 
mally stable to 1,200° C. The producer Production.—At yearend, four firms | oxide production. The average value of 
uses a proprietary high-pressure, high- | produced fused aluminum oxide at | regular-grade fused aluminum oxide, as 
temperature process using a special | eight plants in the United States and | reported by producers, was approxi- 
binder phase that is retained as an | Canada. Production of regular-grade | mately $380 a ton. The average annual 
integral part of the product and results | fused aluminum oxide decreased 5% to | value for the past 10 years was $358 a 
in high resistance to shock loading.”’ | 164,226 tons. The average annual pro- | ton, with a high of $387 in 1983 and a 

duction for the past 10 years was | low of $324 in 1988. In 1989, the 
| 138,331 tons. The high was 172,157 | average value of high-purity’ fused alu- 

ao C*S}:stonss in 1988 and the low was 105,893 | minum was a 10-year high at $635 a 
MANUFACTURED tons in 1982. The production trend for | ton. The average annual value of the 

. the past 10 years was one of sharp | past 10 years was $538 a ton, with a low 
ABRASIVES decline, 27% in 3 years, followed by up | of $476 a ton in 1988. The average 

_| and down years to full recovery. The | value of all grades of fused aluminum 
Manufactured abrasives include sili- | 1989 production was 14% greater than | oxide in 1989 was a 10-year high at 

con carbide, fused aluminum oxide, | 1980 production. $420 a ton. The average annual value 
alumina-zirconia oxide, metallic shot Production of high-purity fused alu- | for the past 10 years was $382 a ton, 
and grit, and cut wire shot and grit. | minum oxide decreased 7% to 30,634 | with a low of $348 in 1988. The trend 
Production data reported for silicon | tons. The average annual production | for fused aluminum oxide values for 
carbide, fused aluminum oxide, and | for the past 10 years was 25,511 tons. | the past 10 years was a general upward 
alumina-zirconia oxide were for the | The high was 33,569 tons in 1981 and | trend from 1980 to 1983, then a general 
United States and Canada. Data for | the low was 13,468 tons in 1982. The | downward trend from 1983 to 1988. 
metallic and cut wire shot and grit were | production trend for the past 10 years | The 1989 average value increased about 
for only the United States. began with a very sharp decline, 56% | 21% compared to that of 1988 and 

between 1980 and 1982. Then produc- | 15% to that of 1980. | 
: tion swung between about 14,000 and 

Fused Aluminum Oxide 28,000 tons until the major increase of Foreign Trade. —The quantity of ex- 
82% in 1988. The 10-year period ended | ports plus reexports of fused aluminum 

Government Programs.—The Na- | with production essentially unchanged | oxide increased 11% to 17,207 tons; the 
tional Defense Stockpile, as of Decem- | from that of 1980. Total 1989 produc- | value of exports plus reexports de- 
ber 31, 1989, contained 226,676 tons of | tion of 194,860 tons was 5% less than | creased 24% to $19.2 million. The av- 
crude fused aluminum oxide and | 1988 production and 63% higher than | erage value of a ton of fused aluminum 
46,179 tons of abrasive-grain fused alu- | the low of 119,361 tons in 1982 and | oxide exported or reexported decreased 
minum oxide.. There is no National | 11% higher than the 1980 production | 33% to $1,115. During the past 10 
Defense Stockpile goal for fused alumi- | of 175,121 tons. years, exports plus reexports have aver- | 
num oxide. The crude and abrasive- aged 14,710 tons a year with an average 
grain fused aluminum oxide is held as Prices. —The Bureau did not collect | annual value of $18.4 million and an 

TABLE 14 

CRUDE MANUFACTURED ABRASIVES PRODUCED IN THE UNITED STATES AND CANADA, BY KIND 

Kind 1985 1986 1987 1988 1989 

Silicon carbide ! metric tons 102 112 113 118 117 

Value thousands $42,563 $48,064 $48,790 $50,559 $56,428 

Aluminum oxide (abrasive grade)! metric tons 153 137 131 205 195 

Value thousands $54,061 $50,584 $56,593 $71,325 $81,785 

Aluminum-zirconium oxide metric tons W W W W | W 

Value thousands W W W W W 

Metallic abrasives” metric tons 179 189 198 222 224 

Value thousands $75,349 $75,210 $62,410 $88,114 $89,546 
Total metric tons 3434 3438 344] 542 536 

Total value thousands 3 4$171,974 3$173,858 ' 3$167,593 $209,998 $227,761 
"Revised. W Withheld to avoid disclosing company proprietary data. 

' Figures include material used for refractories and other nonabrasive purposes. 

“Shipments for U.S. plants only. 

3 Excludes U.S. and Canadian production and value of aluminum-zirconium oxide. 

* Data do not add to total shown because of independent rounding. 
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TABLE 15 | | 

CRUDE ARTIFICIAL ABRASIVES MANUFACTURERS IN 1989 | 

Company Location | Product 

Washington Mills Electro Minerals 

(Canada) Corp. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular). 

Washington Mills (US), Corp. Niagara Falls, NY Fused aluminum oxide (high-purity). 

The Exolon-Esk Co. Hennepin, IL Silicon carbide. 

Do. Thorold, Ontario, Canada Fused aluminum oxide (regular) and silicon carbide. 

General Abrasives, a division of | 
Abrasive Industries Inc. Niagara Falls, NY Fused aluminum oxide (regular and high-purity). 

Do. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular) and silicon carbide. 

Fused aluminum oxide (high-purity) and aluminum- 

Norton Co. Huntsville, AL zirconium oxide. 

Do. Worcester, MA General abrasive processing. 

Do. | Cap-de-la-Madeleine, Quebec, Canada Silicon carbide. 

Fused aluminum oxide (regular and high-purity) and 
Do. Chippawa, Ontario, Canada aluminum-zirconium oxide. : 

Do. Shawinigan, Quebec, Canada Silicon carbide. 

Superior Graphite Co. Hopkinsville, KY Do. 

Washington Mills Ltd. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular). 

average value per ton of $1,314. The States and Canada in 1989. Production 
largest quantity of material exported in. of abrasive-grade material increased 
a single year in the past 10 years was TABLE 16 about 4% to a 10-year high of 53,454 
26,638 tons in 1982, and the smallest WORLD FUSED ALUMINUM tons. Average annual production for the 

amount was 9,915 tons in 1986. Over OXIDE ANNUAL PRODUCTION past 10 years of abrasive silicon carbide 
the past 10 years no trend developed in RATED CAPACITY! was 45,865 tons, with a low of 36,193 tons. 
the export and reexport of fused alumi- DECEMBER 31 1989 in 1983. Production of metallurgical- 
num oxide. Quantities increased and : ° grade silicon carbide decreased about 
decreased randomly, and the period (Metric tons) 4% to 62,189 tons. Average annual pro- 
ended in 1989 with exports about even duction of metallurgical-grade silicon 
with those of 1980. Country Capacity | carbide for the past 10 years was 57,828 

Imports were 98,000 tons, a 10-year | North America: tons, with a high of 71,010 tons in 1980 
low, and the value of imports decreased | ~ United States and Canada 231,876 | and a low of 38,374 tons in 1983. Pro- 
15% from $73.7 million in 1988 to South America: t(<its=ststsS~S duction of refractory and other grades of 

$62.8 million in 1989. Average annual “Bail 96.162 silicon carbide decreased 48% to a 10- 
. razl ; . 
imports for the past 10 years were | 2———-—-——— year low of 980 tons, which was only 8% 
135,525 tons, with a high of 170,589 Furope; of 1986 production and only about 0.3% 
tons in 1981 and a low of 98,000 tons in Austra 98,967 | of 1980 production. The average annual 
1989. The trend of fused aluminum Federal Republic production of refractory and other 
oxide imports for the past 10 years was of Germany 86,183 grades of silicon carbide for the past 10 
one of general decline, with 1989 im- | France. 45,359 | years was 14,601 tons, with a high of 
port at 60% of the 1980 level. _Ttaly 18,144 | 36 445 tons in 1980. Total production of 

Spain 13,880 | silicon carbide decreased slightly in 1989 
Silicon Carbide United Kingdom 63,503 | to 116,623 tons, compared with a 10-year 

Total 286,035 | average annual production of 118,300 | 
Government Programs.—The Na- | Eastern Europe: tons. The high was 154,241 tons in 1980, 

tional Defense Stockpile, as of Decem- Hungary, Poland, U.S.S.R. and the low was 98,973 tons in 1983. The 
ber 31, 1989, contained 52,990 tons of and Yugoslavia 285,763 | 10-year production trend for all grades of 
silicon carbide and the goal was 26,308 | Asia: | Silicon carbide was one of sharp decline, 
tons. During the past year, 12,167 tons China 136,078 | 36% in 4 years, and then slow growth 

of silicon carbide was disposed of from | [pda i (ti(‘(éié‘t;~;~™S 4,536 | and recovery to 76% of the 1980 produc- 
the stockpile; existing legislation au- ~Japant—~—~—CSsSsSS 54.431 | tion level by 1989. 
thorizes disposal of an additional | ——> > 95.045 
26,082 tons in the future. oo Prices. —The Bureau did not collect 

World total 1,094,882 . : 
| price data on the various grades of 

Production.—Four firms produced | jit eT ® Paamis on | Silicon carbide. Data were available on 
silicon carbide at six plants in the United the value of production of the various 
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grades. The average value per ton of | $1,435, with a high of $1,865 in 1986 TABLE 17 
| abrasive-grade silicon carbide, as re- | and a low of $1,068 in 1981. The value | WORLD SILICON CARBIDE 

ported by producers, was $509; metal- | of exports plus reexports decreased | ANNUAL PRODUCTION RATED 
lurgical-grade averaged $460; refrac- | 25% during the past 10 years. | CAPACITY,' DECEMBER 31, 1989 
tory and other grade material averaged Imports of silicon carbide in 1989 de- | 

$608; and the average value of all | creased 4% in quantity to 98,000 tons (Metric tons) 
grades was $484. The average value per | and increased 7% in total value to $64.6 | | 
ton of abrasive-grade material for the | million. The average value per ton in- Country Capacity | — 

past 10 years was $497, with a high of | creased 11% to $659. The total value was | North America: 
$626 in 1982-and a low of $414 in 1980. | a 10-year high. The average annual im- Mexico 22,680 | - 
Metallurgical-grade silicon carbide av- | ports for the past 10 years were 76,932 United States and Canada 126,552 
eraged $420, with a high of $460 in | tons, with a high of 101,600 tons in 1988 | ~~ 7,0 0=~C*~C“‘< 2 7327RW!”*”*~*” 149,232 
1989 and a low of $389 in 1980. Refrac- | and a low of 56,250 tons in 1985. The South Americas St(<‘“<—~=~s*ststst~S 
tory grade was $535, with a high of | average value per ton for the period was “Bail 12-701 
$644 in 1988 and a low of $442 in 1986. | $577, with a high of $659 in 1989 and a | ————- —s— = 
For all grades the average was $461, | low of $497 in 1980. The trend of silicon | Europe; 

_ | with a high of $535 in 1982 and a low | carbide imports for the past 10 years was | France, 16,329 
of $417 in 1980 and 1985. The trend for | one that generally decreased to a low in | Federal Republic . 
the value of all grades of silicon carbide | 1985, followed by continuing increases | ©! Germany 36,287 
for the past 10 years was one of sharp | until 1988 and then the decreased in | [ly 36,287 
increases, 28% in 2 years, followed bya | 1989. Netherlands 50,001 
general decrease and then generally sta- Norway 73,936 
bile with 3 years essentially unchanged | Alumina-Zirconia Oxide Spain 18,144 

~ | at 103% of the 1980 value. Then, in One firm produced fused alumina- Total 226,343 
1989, there was a significant increase of | zirconia oxide in two plants, one each | Eastern Europe: 
13% compared to the average value of | in the United States and Canada. Abra- | Czechoslovakia, Poland, 
the past 3 years. sive applications accounted for all the U.S.S.R., Yugoslavia 158,757 

production. Output increased in both | asja: | — 
Foreign Trade.—Exports plus reex- | tonnage and value compared with | ching © | 145,150 

ports of silicon carbide increased 79% | 1988. Export and import datawerenot | “jjgiatsti‘i‘SOC~* 13,608 
to 8,452 tons. The total value of silicon | available. japan Ot~=CSsSSS 86.183 
carbide exported plus reexported in- Toul 54.940 
creased 27% to $10 million, and the | Metallic Abrasives 0 OSH 
value per ton decreased 29% to $1,178. Wort tort 
The average annual exports plus reex- Production.—Eleven firms produced standby baie of operating plants as well as plants on — 
ports for the past 10 years were 6,620 | metallic abrasives in 12 plants in the | . 
tons, with a high of 12,392 tons in 1980 | United States. At yearend, a firm pur- 
and a low of 3,859 tons in 1986. The | chased a closed plant and announced . 
average annual value per ton of exports | plans to put the plant into operation in 
plus reexports for the past 10 years was | 1989. Quantity, value, and average | ) 

TABLE 18 | 

END USES OF CRUDE SILICON CARBIDE AND ALUMINUM OXIDE (ABRASIVE GRADE) 
IN THE UNITED STATES AND CANADA, AS REPORTED BY PRODUCERS 

| 1988 1989 

Use Quantity Value wearend Quantity Value Yearend 

(metric tons) (thousands) (metric tons) (metric tons) (thousands) (metric tons) 

SILICON CARBIDE | | 

Abrasives 51,202 $23,907 1,879 53,455 $27,196 2,634 
Metallurgical 64,999 25,443 1,845 62,920 28,637 3,067 

Refractories and other 1,876 1,209 55 980 596 550 

Total 118,077 50,559 3,779 117,355 56,430 6,251 

ALUMINUM OXIDE | 

Regular: Abrasives plus refractories ! 172,159 55,705 8,651 164,229 62,339 5,976 

High purity 32,838 15,620 1,372 30,634 19,446 1,479 

Total 204,997 71,325 10,023 194,863 81,785 7,455 

' Abrasives combined with refractories to avoid disclosing company proprietary data. 
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value per ton of steel shot and grit Consumption.—The quantity of | $89.6 million, and increased 3% in 
production was essentially the same as | steel shot and grit sold or used de- | average value per ton to $418. The 

| for 1988 at 206,278 tons, $79 million, | creased 6% to 202,424 tons, the total | formula to calculate U.S. estimated ap- 
and $383 per ton, respectively. The | value decreased 6% to $81.3 million, | parent consumption is U.S. sold or 
average annual production for the past | and the average value per ton was es- | used plus imports minus exports. The 
10 years was 175,600 tons, with a high | sentially unchanged at $401. The aver- | average annual estimated apparent con- 
of 206,278 tons in 1989 and a low of | age annual quantity of steel shot and | sumption of metallic shot and grit for 
135,843 tons in 1982. The average value | grit sold or used for the past 10 years | the past 9 years was 186,615 tons, with 
per ton during the period was $355, | was 174,791 tons. The high was | a high of 224,216 tons in 1988 and a | 
with a high of $402 in 1982 and alow at | 214,787 tons in 1988 and the low was | low of 144,986 in 1982. The average 

$310 in 1987. The trend of steel shot | 133,275 tons in 1982. The trend for | value per ton for the same period was 

and grit production for the past 10 | sold or used steel shot and grit for the | $400, with a high of $432 in 1985 anda 
years was one of decline to the low in | past 10 years was one of fluctuating | low of $375 in 1987. The trend of 
1982 and then general continued recov- | decreases and increases. The 1989 sold- | apparent consumption for the past 9 
ery. The 1989 production was equal to | and-used value was 4% greater than the | years was one of rapid increases and 
about 110% of the 1980 production | value in 1980. declines until 1985. This was followed 
level. Michigan, Ohio, Pennsylvania, The quantity of chilled and annealed | by general growth until consumption in 
Virginia, Maryland, and Indiana, in | iron and cut wire shot and grit sold or | 1988 was 13% greater than that of 
decreasing order of quantity, supplied | used decreased 5% to 16,826 tons. The | 1981. Even with the decline, 1989 con- 
the production of steel shot and grit. value was essentially the same as for | sumption was 8% greater than 1981. 

Two companies, one each in Indiana | 1988 at $11.5 million. The average 
and Ohio, produced chilled and an- | value per ton increased 6% to $681. , 
nealed iron shot and grit. Additionally, | The average annual quantity of these Foreign Trade.—U.S. exports of me- 
two firms, one in Michigan and one in | shot and grit sold or used for the past | tallic shot and grit decreased 27% to 
New York, reported production of cut | 10 years was 17,367 tons, with a high of | 8,646 tons. The total value of exports 
wire shot. Production and value of | 28,699 tons in 1980 and a low of 9,152 | decreased 35% to $6.3 million, and the 
chilled and annealed iron and cut wire | tons in 1985. The trend for the sold and | average value per ton decreased 11% to 
shot and grit was essentially the same | used value for the past 10 years was one | $728. The average annual tonnage of 
as 1988 at 17,452 tons and $10.6 mil- | of large individual increases and de- | metallic shot and grit exports for the 

: lion. The average value per ton was | creases. Changes were as much as 50% | past 10 years was 9,363 tons, with a 
essentially unchanged at $605. The av- | in a year, with the low in 1985. Since | high of 14,146 tons in 1980 and a low 
erage annual production of these types | then, continued growth resulted in the | of 6,334 tons in 1986. The average 

‘| of shot and grit for the past 10 years | 1989 value equaling 120% of the 1980 | value per ton for the past 10 years was 
was 18,136 tons, with a high of 27,891 | level. $750, with a high of $948 in 1987 and a 
tons in 1980 and a low of 13,352 tons in The estimated apparent consump- | low of $616 in 1980. The trend for 
1986. The average value per ton for the | tion of all types of metallic shot and | metallic abrasive exports for the past 10 

past 10 years was $440, with a high of | grit decreased 4% in quantity to | years was one of general decline from 

$612 in 1988 and a low of $307 in 1980. | 214,772 tons, slightly in total value to | 1980 through 1983, followed by fluctu- 

: ating increases and decreases. The 1989 
exports were still 40% below the level 

TABLE 19 of 1980 exports. 
U.S. imports of metallic abrasives 

PRODUCERS! OF METALLIC ABRASIVES IN 1989 increased 18% in quantity to 4,168 
| tons, was essentially the same in total 

ae «| «Walue at $3.4 million, and decreased 

Company Location (shot and/or grit) | 15% in value per ton to $822. The 

Abrasive Materials Inc. Hillsdale, MI Cut wire, steel. average annual imports for the past 9 

Chesapeake Specialty Products Baltimore, MD Steel. years were 4,257 tons, with a high of | 

Duraseel Abrasive Co. itsburghs PAD | 07 The average value per ton . . : . V 
Ervin Tndstnes Ines SO for the period was $607, with a high of 

of EI A _____ | $965 in 1988 and a low of $280 in 1984. 

Globe Steel AbrasivesCo. CRichland, OH COCS|:s [he trend for the quantity of imports 
Metaltec Steel AbrasivesCo. Canton, MI CO for the past 9 years was one of up- 
National Metal Abrasive Co. Wadsworth, OH Do. and-down fluctuations resulting in a 

Pellets Inc. Tonawanda, NY Cut wire. general decline; 1989 imports were only 

Steel Abrasives Inc. Hamilton, OH Chilled and annealed | about 87% of those of 1981. 
iron and steel. - The United States was a net exporter 

U.S. Abrasives Inc. Tippecanoe, IN Do. of metallic abrasives in 1989, a position 
The Wheelabrator Corp. Bedford, VA Steel. it has enjoyed by a 2.2-to-1 ratio for the 

' Excludes secondary (salvage) producers. past 10 years. 
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TABLE 20 

PRODUCTION, SHIPMENTS, AND ANNUAL CAPACITIES OF 
METALLIC ABRASIVES IN THE UNITED STATES, BY PRODUCT! 

Production Shipments Annual 
or oF vee 2 

Product Quantity Value Quantity Value capacity 
(metric (thou- (metric (thou- (metric 
tons) sands) tons) sands) tons) 

1988: 

Chilled iron shot and grit W W WwW WwW W 

Annealed iron shot and grit WwW W WwW W WwW : 

Steel shot and grit 204,249 77,344 214,790 85,995 230,247 

Other? 17,584 10,770 18,051 11,443 XX 

Total 221,833 88,114 232,841 97,438 XX 

1989: 

Chilled iron shot and grit WwW W W W W 

Annealed iron shot and grit WwW WwW W W WwW 

Steel shot and grit 206,278 78,980 202,505 81,263 363,700 

Other 3 17,453 10,566 16,825 11,457 XX 

Total 223,730 89,546 219,330 92,720 XX 

W Withheld to avoid disclosing company proprietary data; included with “Other.” XX Not applicable. 

' Excludes secondary (recycle) producers. 

Total quantity of the various types of metallic abrasives that a plant could have produced during the year, working three 8-hour shifts 

per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, and transportation. 

3 Includes cut wire, aluminum, stainless steel shot, and items indicated by symbol W. 

' All units of measure in this chapter are metric '2Chandler, H. P. Industrial Diamond. A Materials 

" S . BuMines IC 8200, 1964, 150 pp. 
* American National Standards Institute. Specifica- “dA " National Standards I - te. Specifi 

tions for Grading of Certain Abrasive Grains on Coated . merican : ational an ar S nstitute. . pect 1ea- 
Abrasive Products. ANSI B74.18-1977, 37 pp tions for Checking the Size of Diamond Abrasive Grain. 

" " ° " ANSI B74.16-1971, 13 pp. 
3 Height, R. P. Abrasives. Ch. in Industrial Minerals 14 Specif; ho for Gradi f Diamond 

and Rocks (Nonmetallics Other than Fuels). AIME, . pect 1a fon for Mrading © ta 
New York, Sth ed., 1983, pp. 11-32. Powder in Subsieve Size. ANSI B74.20-1981. 

* American National Standards Institute. Specifica- “Industrial Diamond Association of America Inc. 

tion for Size of Abrasive Grains-Grinding Wheel, Pol- 1983 Listing of Members. 

ishing, and General Industrial Uses. ANSI B74.12- Work cited in footnote 10. 
1976, 11 pp. '7 Work cited in footnote 10 and 12. DeBeers Consol- 

5 American National Standards Institute. Specifica- idated Mine Ltd. Occurrences, Mining and Recovery of 

tions for Grading of Certain Abrasive Grains on Coated | Diamonds. Kercim Pres. Ltd., Slough, Bucks, England, 
Abrasive Products. ANSI B74. 18-1977, 37 pp. Coes, L. | 1973, 44 pp. Hoppe, R. Diamonds from the Kalahari. 
Jr. Abrasive. Springer—Verlag, NY, 1971, 177 pp. Eng. and Min. 5, v. 181, No. 5, May 1989, pp. 64-69. 

© Overstreet, W. C. The Geological Occurrence of Works cited in footnotes 12 and 20. 
Monazite. U.S. Geol. Surv. Prof. Paper 530, 1967, 327 "Born, W. What Diamond Recovery Should Mean to 
pp. You. Abrasive Eng. Soc. July-Aug. 1980. Work cited in 

’Coes, L. Jr. Abrasive. Springer-Verlag, NY, 1971, footnote 12. 
177 pp. Overstreet, W. C. The Geological Occurence of 2° General Electric Co., Specialty Materials Depart- 

Monazite. U.S. Geol. Surv. Prof. Paper 530, 1967, 327 | ment. Stratapax Drill Blanks. Sales Brochure No. 
pp. SMD31-451, 8 pp. 

8Thaden, R. E. Abrasives. Ch. in United States 21 Indiaqua. New Polycrystalline Diamond Product 

Mineral Resources. U.S. Geol. Surv. Prof. Paper 820, | Development at DRL. V. 38 1984/1, p. 125. 

1973, pp. 27-33. 

® Vogel, H. H. and Bartos Mines Corp. Staff. Abra- OTHER SOURCES OF INFORMATION 
sives. Ch. in Industrial Mineral and Rocks (Nonmetallic 

Other than Fuels). AIME, New York, 5th ed., 1983, pp. . . . 
ue's) PP. | Bureau of Mines Publications 

21-25. ; ; ; 

‘Wilson, A. N. Diamonds from Birth to Eternity. Garnet ch. in Mineral Commodity 
Gemological Inst. of America, 1982, 450 pp. Summaries, 1990 

'' Hawkins, B. Diamonds in China. Dept. Mines and Industrial Diamond ch. in Mineral 
Energy Affairs, Republic of South Africa, No. 1/82. Commodity Summaries, 1990 

July 1982, 10 pp. Vogel, H. H. and Bartos Mines Corp. Manufactured Abrasive Mineral 

Staff. Abrasives. Ch. in Industrial Mineral and Rocks 

Nonmetallic Other than Fuels. AIME, New York. 5th Industry Surveys, Quarterly 
ed., 1983, pp. 21-250. Mineral Facts And Problems, 1985. 
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By Charles A. Sorrell | 

Dr. Charles A. Sorrell, Program Manager, Advanced Materials Technologies, has more than 32 years of experience and has 

been with the Bureau of Mines for the past 8 years. , 

dvanced materials are those | other industrialized but smaller nations— | about the same time, a revolution in com- 

developed during the past 30 | such as Australia, Canada, and the | putation and analysis began; with the 

years or so that are being | Republic of South Africa—of the need to | discovery of the field effect transistor in 

developed at an accelerating | move from the status of commodity mineral | 1947, leading to the first large-scale in- 

rate at present. They all exhibit greater | and materials suppliers to full participants | tegrated circuit in 1953. By the late 1960’s, 

strength, higher strength/density ratios, | in advanced industrial technologies. electronic computational devices, detection 

greater hardness and wear resistance, and The decade was one of rapidly increas- | systems, and analytical instrumentation had 

one or more superior thermal, electrical, | ing internationalization of industry, with | developed to the point that understanding 

optical, or chemical property when com- | greatly accelerating foreign investment in | of the relationships between structures and 

pared with traditional materials. Advanc- | the United States and the recognition that | properties of materials had reached a very 

ed metals, ceramics, and polymers, in- | financial, structural, and cultural barriers | high level, and available techniques for syn- 

cluding composites, offer the promise of | must be overcome if the Nation is to main- | thesis had increased markedly. It became 

decreased energy consumption, better per- | tain a competitive position. possible to think in terms of making a 

formance at acceptable cost, and less New materials developments have occur- | material with specified properties rather 

dependence on imports of strategic and | red throughout human history. Until recent- | than limiting design, manufacturing, and 

critical materials. New electronic, | ly, new materials such as aluminum, cop- | performance to available commodity 

magnetic, optical, and chemical devices are | per, plastics, and steel were discovered and materials. — 

creating a revolution in communications, | applied to existing processes and products, The energy crises of the second half of 

data analysis, chemical and structural | resulting in improvements in performance, | the 1970’s resulted in low economic growth 

analysis, medical technology, and industrial | durability, reliability, or manufacturing ef- | or recession on a global basis and indicated 

processing. These promise dramatic | ficiency and cost. It was customary for | the extent to which the industrial health and 

| changes in manufacturing and human | designers and engineers to select from a economic well-being of the EC, Japan, and 

lifestyle. limited number of commodity materials, | the United States were dependent on sup- 

The decade of the 1980’s saw advanced | whose properties were well understood and | pliers of energy, minerals, and commodi- 

materials become recognized as critical to | measurable, and to design products and | ty materials around the world. The need 

future technologies by the industrialized | fabrication processes within the property | for more energy efficiency and reduction 

nations, with the United States, Japan, and | limits of those materials. Modern mass pro- | of reliance on other nations for raw 

the European Community (EC) being the | duction developed in the 20th century on | materials became adequate motivation for 

major competitors. All three have identified | the basis of the property and processing development of structural materials with | 

| communications technologies (including all | reliabilities of commodity materials, | higher strength-to-weight ratios, greater 

aspects of information, computation, and | leading to unprecedented manufacturing ef- | resistance to high temperatures, better cor- 

solid-state electronics and optics), | ficiencies and standards of living for the in- | rosion resistance, greater durability, and 

biotechnology, and advanced materials as | dustrialized nations. Progress came, | more reliability. The candidates for new 

the keys to future industrial leadership. The | however, at the price of increasing energy | structural materials—metal alloys, 

closing decade of the 20th century is ex- | consumption by the manufacturing sector | engineering polymers, advanced structural 

pected to be an era of rapid development | and the mobile consumer and the increas- ceramics, and composites of these—have 

and restructuring. Enormous challenges are | ing environmental effects of that energy | become subjects of intense research, 

posed to the position of the United States | use. development, and commercialization and 

in the world economy: (1) the progress of During and immediately following World | constitute one of the major areas of inter- 

EC ’92, the effort to develop uniform stan- | War II, a new perspective began to take | national competition. 

dards and remove trade barriers in Western | shape, prompted by the need for new The intrinsic properties of structural 

Europe; (2) the determination of Japan to | materials with superior properties for im- | ceramics, including high strengths, hard- 

commercialize advanced structural | proved performance. Development of elec- | ness, wear resistance, corrosion and oxida- 

ceramics, alloys, composites, and super- | tronic and sonic detection devices, improv- | tion resistance, and stability at very high 

conductors; (3) the emergence of develop- | ed armor and antiarmor technology, | temperatures, make them prime candidates 

ing countries as major suppliers of com- | nuclear weapons and fission reactors, and | for a wide variety of applications. They 

modity materials and their increasing in- | high-performance jet engines required new | can replace metals and plastics in many 

terest in moving into advanced | materials with improved properties | existing systems to provide better perfor- 

: technologies; (4) and the recognition by | specifically tailored to applications. At | mance and durability and are enabling 
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components in new technologies. Their | to cover advanced materials production but | Secretary of Energy. NCMC has begun 
potential, which has been recognized for | presently must rely on data from existing | working closely with OSTP on policy mat- 

| more than a decade, has been slow to | sources. The accuracy and completeness of | ters dealing with advanced materials. 
develop, however, because of technical and | these data, most in highly aggregated form, The National Competitiveness Techno- 
economic factors. It is fair to say that ad- | permit only broad generalizations about the | logy Transfer Act of 1989 (Public Law 
vanced structural ceramics are yet in their | current status of new materials, and virtual- | 101-189) was signed by the President in 
infancy, but certain to become increasing- | ly no historically valid trends can be | November. The law is designed to link 
ly important as problems are solved and | discerned. industry, universities, and national | — 
new applications require their superior The publishers of Ceramic Industry | laboratories to accelerate commercializa- 
properties. magazine, over the past 8 years, have con- | tion of new technologies, including advanc- 
Advanced polymer matrix composites | ducted the only systematic survey of the in- | ed materials. The law makes provisions 

(PMC), consisting of a wide variety of | dustry, relying on voluntary reporting of | allowing national laboratories to enter in- 
commodity or engineering plastics rein- | sales figures and their own estimates of | to cooperative research and development 
forced with continuous fibers, filaments, or | those of nonreporting companies. Most of | agreements; negotiate licensing agreements 
tapes or with short, discontinuous fibers, | the information on ceramics reported here | for inventions; exchange personnel, ser- 
whiskers, or particles, also hold great pro- | is from the results of the Ceramic Industry | vices, and equipment with industry and 
mise for a variety of structural applications. | surveys of 1986) 19872 19883 and 19894 | universities; waive rights to inventions and 
Their superior strengths, strength-to-weight | The data for 1989 were generously provid- | intellectual property; streamline the pro- 
ratios, corrosion resistance, and potential | ed in advance of publication by Ms. Patricia cessing of agreements. It also assigns a 
for reduction of the numbers of parts to be | Janeway, Editor-in-Chief and Associate | technology transfer mission to the nuclear 

| assembled in a given system ensure that ap- | Publisher. Similarly, data on production | weapons laboratories. The Secretary of 
plications will increase. Use of PMC’s as | and costs of PMC’s are from the open | Commerce reported to the President that, 
replacements for metals, glass, or ceramics | literature. | by the end of 1988, 111 cooperative research 
requires, however, essentially different | and development agreements (CRADA) 

- | plants and equipment, necessitating large | ———————————————__| had been signed under the provisions of the 
capital expenditures and development of | LEGISLATION AND Federal Technology Transfer Act of 1986, 
automated equipment. For these reasons, | GOVERNMENT PROGRAMS the predecessor to the 1989 act. Many of 
PMC’s are finding rapidly increasing ap- | ————-—--------_____——— | the CRADA’s were for new materials 
plications in defense, aerospace, and spor- development. 
ting goods where improved performance Growing awareness of advanced The Department of Commerce establish- 
justifies the higher costs. They have been | materials as enablers of new technologies | ed a new Office of Technology Administra- 
slow to find extensive applications in the | was evidenced in 1989 by reorganization of | tion in 1989. The Undersecretary for 

| automobile industry because they are | the Office of Science and Technology | Technology is to work closely with the 
generally not cost-competitive with metals. | Policy (OSTP) in the Executive Office of | President’s Science Advisor to help coor- 
However, new fuel consumption standards, | the President. The Director of OSTP, who | dinate strategies and programs in the 
rising fuel costs, more stringent exhaust | is also the Science Advisor to the President, | Federal agencies. The focus will be to 
emission standards, and demand for im- | designated communications technology, | remove barriers and provide incentives for 
proved durability and performance are ade- | biotechnology, and advanced materials as | rapid commercialization of technology in 
quate incentives for automobile manufac- | the essential elements of technical and in- | the United States. Advanced materials are 
turers to plan for eventual retooling to use | dustrial competitiveness. He linked | essential components of all new 
new materials. | materials to manufacturing by assigning | technologies and are to receive increased 

responsibility for materials policy to the | attention. 
Associate Director for Industrial Policy. Two bills addressing . advanced 

DOMESTIC DATA COVERAGE The Federal Coordinating Council for | technologies and materials were introduc- 
Science, Engineering, and Technology | ed in the Congress in 1989 but had not been 

The structure of the ceramics and plastics | (FCCSET), chaired by the Science Ad- | enacted by year’s end. The American 
industries of the United States is diverse in | visor, has Assistant Secretary level | Technology Preeminence Act of 1990 
terms of the wide variety of products and | participation by all agencies having respon- | (House Resolution 4329) provides ap- 
the kinds of companies engaged in | sibilities in materials research and develop- | propriations to strengthen the role of the 
manufacturing. Unfortunately, no | ment. The newly formed President’s | National Institute of Standards and 
systematic data collection on the structure | Council of Advisors on Science and | Technology (NIST, formerly the National 
of the advanced materials industry or pro- | Technology (PCAST), also chaired by the | Bureau of Standards) in assisting private in- 
duction of materials has been done. Be- | Science Advisor, has industrial and | dustry in commercialization and marketing 
tween Bureau of Mines data on commodity | academic members with knowledge of, and | of new technologies and processes needed 
minerals and metals and the Bureau of the | interest in, advanced materials. Both | to remain competitive in the global 
Census data on commodities and finished | FCCSET and PCAST report directly to the | marketplace. The funds are to be provid- 
products, the flow of processed materials | President. The Science Advisor was also | ed to the Commerce Department Advanc- 
through the various value added steps | named to the chairmanship of the National | ed Technology Program, to be ad- 
between commodity and product is not | Critical Materials Council (NCMC); the | ministered by NIST. 
covered. The Bureau of Mines is in the pro- | other members named were the Director A bill (S. 1978) introduced in the Senate 
cess of developing data acquisition methods | of the Bureau of Mines and an Assistant | proposes reorganization of the Department 
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of Commerce into the Department of In- | advanced structural ceramics in the United | levels are, in many cases, a small part of 

dustry and Technology. An Undersecretary | States by foreign-owned companies. the individual company’s total production. 

for Industry would handle economic Unfortunately, there are insufficient data | _In the case of alumina, there are so many 

development matters, export promotion, | to indicate that production. It is likely, | different applications that designating what 

and statistical analysis. An Undersecretary | however, that total production has actually | portion of total production goes into ad- 

for Technology would be in charge of all | been increasing in the past several years. | vanced electronic or structural materials is 

science and technology offices currently in | There is confidence within the industry that | virtually impossible. The Bureau of Mines | 

Commerce along with a new Advanced | advanced structural ceramics will continue | estimates that about 104,000 metric tons of 

Civilian Technology Agency that would | to grow in importance as technical barriers | calcined alumina are produced annually 

fund technology development deemed | to manufacturing are overcome and | worldwide. Of that, 50% is used for refrac- 

essential to the Nation. economies of scale come into play. tories, 20% for abrasives, 15% for white 

| Production data for individual advanced | wares and spark plugs, and 5% (5,200 

|  . _] ceramic powders are not available from a | metric tons) for miscellaneous applications. 

ADVANCED STRUCTURAL single consistent source. This is owing in | High-purity ceramic alumina powder con- 

CERAMICS part to the proprietary nature of the infor- | stitutes part of the 5,200 metric tons, but 
——_—__—_—__—_———————  } mation and also because the production | an accurate estimate is not possible. 

Production and Consumption 

Sales of the major categories of ceramics | , TABLE 1 

by U.S.-owned companies, derived from | SALES OF MAJOR CATEGORIES OF FINISHED CERAMIC PRODUCTS 
the Ceramic Industry surveys for 1986-89, BY U.S.—OWNED COMPANIES 

are listed in table 1. Though these data do , (Million dollars) 

not include many important ceramic pro- 

ducts, including abrasives, pigments, ny 
cements, etc., they do provide a perspec- Year Glass ceramics Porcelain Whitewares Refractories Total 

tive from which to view advanced ceramics | jog, ~~*«17,462~«~”~C«*UC«WBTSs=“‘*‘*é‘“C;TSCO*‘C(’:(‘#4SAS:*S=~*#*#~*«~NA~*«S«3S=zL 

(which include porcelain insulators, elec- | 755, 17,574 4,376 4,569 2,908 1,678 31,105 
tronic, optical, and magnetic materials). | ——£-H__-—__—_.—_—"_.0 oo 970 o“= ooo 

With approximately steady sales over the 1988 20,553 4,526 4649 3040S SDS 

4-year period at about $4.3 million, ad-. i9s9 18,558 42875486 8452133, 946 

vanced ceramics constituted only 12.6% to | N* Not sable | 
15.2% of the total. Glass, including plate, | Soe: Cemame Intusty- 

| container, automotive, and specialty 

glasses, has consistently made up 55% to : TABLE 2 

60% of the total market, with other | gates OF ADVANCED CERAMICS BY U.S.—OWNED COMPANIES 
segments holding roughly equal shares. (Million dollars) 

Table 2 shows sales of advanced ceramics 

in six categories for the years 1986-89. Ad- Low-voltage Capacitors, Engineering Other Optical .._ High-voltage 

vanced structural ceramics (listed as Year porcelain packaging ceramics electronic fiber Ferrites porcelain Total 

engineering ceramics in table 2) made up 1o86~CS~*~“<~<CS SSSC:C<CSTSCSC“‘“‘ONWLN SDT~CSSCTS~S~«~dOSC:é«iS«SST 

23.4%, 22.3%, 18.8%, and 20.9% of the | —-@— JW — oor ae 

total for the 4 consecutive years. Because y9s7 SL 888 97GB AHS 870 

low-voltage and high-voltage electrical in- toss 1132099 SN 4488624526 

sulating porcelain are generally not con- iso ST 724 896 AT 2028722487 
sidered advanced materials in the sense that | Source: Ceramic Industry. 
new structural and electronic materials are, | 

table 3 has been prepared to include only TABLE 3 

two categories, engineering ceramics and | ¢4y Ee OF ENGINEERING CERAMICS AND ELECTRONIC, OPTICAL, 
combined electronic, optical, and magnetic 
ceramics. Table 3 shows that total sales of AND MAGNETIC CERAMICS BY U.S.—OWNED COMPANIES 

advanced ceramics, as so defined, have re-_ |§ —-—--——-- A 

mained nearly constant over the past 4 Engineering E, M, and O! Total Engineering 
years at about $3 billion and that advanc- | Year ceramics ceranucs (million eras 
ed structural ceramics has remained at en ooo dollars) Percentage Percentage of 

about 30% of the total. Their economic im- lars) lars) Cf total total ceramics 

portance, moreover, as shown by sales as 19860102224 8284 

a percentage of total ceramics sales, has ap- | 1987 976 2,095 3,071 31.8 3.1 

parently been decreasing. 1988 851 2,312 3,163 27.8 2.4 

The data in tables 2 and 3 may be | 1989 896 1,898 2,794 32.0 2.6 

misleading, however, because the surveys | 'E-electronic, M-magnetic, O-optical. 
do not include significant production of | Source: Ceramic Industry. 
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The West’s market for special aluminas | Ceramic Industry survey’ and compared The smaller companies with sales of less 
is supplied primarily by Aluminum Com- | with data for 1986, 1987, and 19887 than $50 million, as tabulated in table 4, 
pany of America (Alcoa), Aluminum Com- Table 4 shows the size distribution, in | are the major producers of advanced struc- 
pany of Canada (Alcan), and LaRoche | terms of sales volumes, for the 80 largest | tural ceramics. As evident in table 4, many 
Chemical Inc., in North America; PUK, | U.S. advanced ceramics companies in the | of these are privately held entrepreneurial 
Martinswerk (Alusuisse), Alcoa Chemie- | Ceramic Industry survey for 1989. companies. Ownership of these small com- 
Nederland and GmbH, Vereinigte The largest producers are Corning Inc., | panies over the past 4 years has been 
Aluminum-Werke (VAW), and British | Corning, NY, a major manufacturer of | changing rapidly through mergers and ac- 
Aluminum Co. (BACO) in Europe; Alcoa | glass, glass ceramics, and other commodity | quisitions, many with and by foreign com- 
Industrial Chemicals-Asia and Alcoa In- | ceramics, whose major advanced products | panies. It should be noted that the Ceramic 
dustrial Chemicals-Australia, Nippon | are ceramic honeycomb for automotive | Industry survey is of U.S.-owned com- | _ 
Lightmetal, Showa Denko, and Sumitomo | catalyst carriers and optical fiber; and | panies and does not include some large 
Chemicals in Asia; and Alcoa-Brazil and | Cooper Industries, Houston, TX, which | foreign companies such as Kyocera 
Alcan in South America. recently acquired the Champion Spark | America Inc., which employs an estimated 

The Bureau of Mines estimates total pro- | Plug Co. Reported sales for Corning were | 12,000 workers in 9 locations in the United 
duction of silicon carbide in the United | $869.9 million and for Cooper Industries | States. The parent company, Kyocera Corp. 
States and Canada was 115,540 metric tons | were $512.9 million. Within the $200 to | of Kyoto, Japan, one of the largest Japanese 
in 1989, most of it for abrasives and refrac- | $500 million range are General Motors | producers of commodity and advanced 

| tories. High-purity “green” silicon carbide | Corp., whose AC Spark Plug and GM | ceramics, has been expanding rapidly in the 
production for advanced structural | Hughes Electronics Divs. accounted for | United States and Europe. Among signifi- 
ceramics is primarily for research and | $454.5 million in sales of spark plugs and | cant changes in industry structure during 
development use and is produced in-house | defense electronics; AVX, New York, NY, | 1989 were several changes in ownership, 
for those purposes or is imported from | with $408.0 million in sales of electronic | mainly acquisition by Japanese and Euro- 
Japan and Western Europe. ceramics and a variety of structural | pean buyers, and some expansion of pro- 

Silicon nitride and sialons (silicon | ceramics; GTE, Stamford, CT, whose | duction capacity. 
aluminum oxynitrides) have no use other | Precision Materials Div. reported sales of AVX Corp., New York, NY, with 3,000 
than for advanced structural ceramics. | $382.2 million in a variety of products | employees and sales of $408 million an- 
Reliable figures for production are | associated with lighting; and Allied Signal, | nounced a merger with Kyocera Corp. in- 
unavailable; it appears that the only U.S. | Morristown, NJ, whose Autolite Div. volving an exchange of stock. Later it was 
production is by manufacturers for their | posted spark plug sales of $211.7 million. | announced that AVX would sell all its stock 
own use, and there is no domestic supplier Among the top 10 advanced ceramics | to Kyocera and become a totally owned 

7 of high-purity powder. Powder can be pur- | producers with sales of more than $50 | subsidiary, with no change in AVX 
chased from sources in Canada, the Federal | million dollars, all but one are primarily | management. | 
Republic of Germany, Japan, Sweden, and | manufacturers of spark plugs, optical fiber, Carborundum purchased the Specialty 
the United Kingdom. Worldwide produc- | electronic components, and porcelain in- | Products Div. of Ceradyne Inc., a maker 
tion is estimated at about 400 metric tons. | sulators. Only Coors Ceramics Co., | of high-performance silicon carbide. Car- 
Production data for the various forms of | Golden, CO, with sales of $108.8 million, | borundum is a U.S. operation of BP In- 
zirconia for advanced structural applica- | is a major producer of structural ceramics, | dustries of the United Kingdom. 
tions are also unavailable. A rough | including alumina and partially stabilized Coors Ceramics Co., announced plans 
estimate, based on conversations with ma- | zirconia. Even Coors derives a significant | to locate a facility in Oak Ridge, TN, to 
jor producers in the United States, is that | portion of its income from electronic | produce high-precision complex configura- 
1,000 to 2,000 metric tons is currently | substrates and packaging. tions of ceramic materials. Coors also 
produced. 

Though no reliable data are available, it 

can be reasonably assumed that production TABLE 4 
of advanced ceramic powders is a very SALES BY THE 80 LARGEST 

small percentage of total ceramic produc- U.S. ADVANCED CERAMICS PRODUCERS IN 1989 
tion and that materials availability is not an 

ISSUE. Range of sales Number of Number publicly Number privately 

(million dollars) companies owned owned 

Industry Structure Greater thn 500 2 © 2. 

As stated previously, the structure of the ett 
. . . to 200 2 2 —_ 

ceramic industry of the United States is Tn a 
diverse in terms of the wide variety of pro- §=£————"7 ——______ 
ducts and the kinds of companiesengaged “9 5000 4 
in manufacturing, and no systematic infor 39 40002 
mation has been gathered, except on a 10 to 20 14 6 8 
highly aggregated basis. The following is Sto 10 24 6 18 
a synthesis of information available for 4to 5 9 1 8 
calendar year 1989, derived from the © source: Ceramic Industry. 
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announced that it had acquired a “‘signifi- | technical and commercial impediments to | it is no surprise that other countries, indus- 

cant financial interest” in Cercom Inc., | successful commercialization of these | trialized and developing, are attempting to 

Vista, CA, and would relocate some of the | structural materials. The NCMC of the Ex- | position themselves to compete. A sizeable 

activities of Cercom to the Oak Ridge | ecutive Office of the President prepared a | portion of research and development 

facility. Cercom, with 34 employees, pro- | program plan for advanced materials’ for | (R&D) in advanced structural ceramics is 

duces silicon nitride, silicon carbide, | submission to the Congress in accordance | conducted or sponsored by the U.S. 

titanium diboride, boron carbide, and | with the National Critical Materials Act of | Government, as in the following summary. 

alumina ceramics for the aerospace and | 1984. Though not a “plan” as such, the | No reliable data are available for estimating | | 

defense industries, industrial wear applica- | report summarized the status of materials | research, development, and pilot plant 

tions, and electronics industry. Advanced | development, the barriers to commer- | operations in industry. Most estimate that 

Composite Materials Corp. (ACMC), | cialization, and the steps already taken by industrial effort is on a par with, or perhaps 

Greer, SC, entered into an agreement with | legislation and Executive order to remove | twice as much as, the Federal effort. 

MB Group, P.L.C., United Kingdom, to | legal barriers and impediments to assist As shown in table 5 (from the Commit- 

develop and commercialize its high- | industry. tee on Materials, OSTP), total support for 

performance silicon carbide whisker- The National Research Council (NRC) | structural ceramics R&D in Fiscal Year 

reinforced alumina material in a new | released a major report/® 5 years in | 1989 was almost $86 billion, or about 8.5% 

generation of tooling systems. ACMC is a | preparation, that emphasized that there has | of the total materials budget. The budget 

totally owned subsidiary of Tateho America | been inadequate attention paid to synthesis | for Fiscal Year 1990 shows a slight decrease 

Inc., a Japanese company. and processing of new materials, and to | in absolute dollars, and the President's re- 

Sony USA Inc., a subsidiary of Sony | manufacturing in general, by Federal | quest to the Congress for Fiscal Year 1991 

Corp. of Japan, reached an acquisition | research establishments, the academic | shows a considerable cut, about 5% over 

agreement for Materials Research Corp., | community, and industry. Shortly that of Fiscal Year 1990. It should be 

Orangeburg, NJ, offering a reported $58.5 | thereafter, the NIST published a more | pointed out, however, that for the past 

million for MRC shares. Alcan Aluminum | detailed version of the contribution of Panel | several years Congress has seen fit to pro- 

Corp. of Canada, acquired Technical | 3 of the NRC Committee.!! The report is | vide add-on funding for materials research 

Ceramics Labs Inc. (TCL), Alpharette, | a very thorough assessment of the relative | and development (R&D) in general and, . 

GA. TCL has proprietary techniques for in- | positions of the industrialized nations, the | barring sizable cuts in defense spending, it 

jection molding ceramics, including oxides | national policies, and programs for science is likely that the Fiscal Year 1991 budget will 

and carbides, as well as composites with | and technology in general and materials | be comparable with the previous 2 years. 

ceramic whiskers or fiber preforms. Terms | science and engineering in particular. The U.S. Department of Energy (DOE) 

were not disclosed. The Bureau of Mines, at the beginning | funds 51.7% ($44.441/million) of Federal 

Carborundum Co., Niagara Falls, NY, | of this year, published the widest ranging | materials R&D, 72 % of which is conducted 

received a subcontract for $5.8 million | report on new materials yet available. The | in the DOE National Laboratories, 24% of 

from Rockwell International to produce the | two volume report!? summarizes the status | which is provided in grants to universities, 

armor protection system for the U.S. Air | of new materials markets, economic and | and 4 % of which is given to industry. 

Force 11 AC-130U gunship aircraft. The | policy issues, and science and technology, | DOE's interests cover the entire range of 

system uses Carborundum’s sintered silicon | including technical constraints on commer- ceramic science: processing and synthesis; 

carbide affixed to a high-performance fiber | cialization of new materials. The Bureau | deformation, fracture, and cyclic fatigue; 

board. report, unlike others, gives adequate atten- | stress corrosion; electronic structures; 

In summary, 1989 was an active year in | tion to recent and potential developments | microstructure, defects, and dislocations; 

terms of mergers, acquisitions, and | in metal alloys, with emphasis on improv- | surfaces, interfaces, and grain boundaries; 

_ | cooperative agreements with the most | ed processing for better physical proper- radiation effects; toughening mechanisms; 

notable trend being toward expansion by | ties in metal systems. The importance of | and superplasticity. Of particular note are 

some U.S. companies, notably Coors |. structural and functional materials to | the efforts of the Office of Transportation 

Ceramics Co. and Corning Inc. Acquisi- | military security was also indicated by the | Technology to develop applications for ad- 

tion by foreign companies interested in ex- | U.S. Department of Defense in a “Critical vanced ceramics in gas turbines, advanc- 

panding capacity for production of advanc- | Technologies Plan.”'* The technologies | ed heat engines, and other ground transpor- 

ed ceramics and developing new markets | identified include not only those of strict- | tation systems. Total funding over a 5-year 

for these materials continued. ly military importance but those important | period is more than $38 million. 

to the industrial base in general, upon The Department of Defense funds a wide 

Current Research which the civilian economy also depends. | variety of structural ceramics R&D, with 

A good indication of the recognition of | the major emphasis on development and 

The importance of advanced materials to | advanced materials as essential to future in- | rapid application to military systems. Total 

the economic future of the United States | dustrial competitiveness is the recent | funding for Fiscal Year 1989 was $21.508 

has been underlined in a number of | summary" of technological challenges and | million, 25% of the total. The research is 

assessments and reports over the past 3 | comparative policies relevant to advanced | accomplished partly in-house, in such 

years. The Office of Technology Assess- | materials in the member nations of the laboratories as the Army Materials 

ment, at the request of the Congress, | Organization for Economic Operation and Technology Laboratory, the Naval 

prepared a report® on the importance of ad- | Development. Given the emphasis by the Research Laboratory under the Office of 

vanced ceramics, engineering polymers, | Japanese on new materials and the success | Naval Research (ONR), the materials 

and composites and summarized the | of Japan in the financial and trade arenas, | laboratories of the Wright Research and 
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TABLE 5 | to structural ceramics research at the 
FEDERALLY SUPPORTED RESEARCH AND DEVELOPMENT Tuscaloosa Research Center (TURC), the CT C Albany Research Center (ALRC), and the 

IN STRU ae ra ERAMICS | Idaho National Engineering Laboratory 
(Million dollars) (INEL). The latter is a DOE laboratory 

a ee re where research of interest to the Bureau of 
| ; resident'S | Mines is conducted with Bureau funds. At O ‘zatioi Fiscal year Fiscal year request t. TURC h is j . Trganization 1989 1990 fiscal year present, researcn 1S 1n processing 

199] and structure-property relationships; 
NSF. OD IQ Taso ALRC research is in vapor phase synthesis 
DOGNISP 3.000 | 5720 > 800 of nitrides; and INEL research is devoted 
wo " 7 to oxynitride compositions and nondestruc- 
DOI-Bureau of Mines 3.100 3.020 3.000 tive evaluation. 

DOE-Basic Energy Sciences | NIST spends $3 million in appropriated 
Materials Science 7.980 7.160 6.500 funds on processing science, mechanical 
DOE-Transportation Tech.: | behavior, and characterization of advanc- 

Ceramic Technology for ed structural ceramics at the Materials 
Advanced Heat Engines ; 16.600 16.825 15.900 Science and Engineering Laboratory. NIST 

Heavy-Duty Transportation 2.500 2.000 2.000 has been quite successful over the years in 
Advanced Turbine 11.400 12.000 7.400 leveraging research funding by conducting 

DOE-ADV Industrial Concepts | 2.000 2.250 2.000 contract research for other Agencies, 
| DOE-Fossil Energy 1.461 1.418 1.445 | through a visiting scientist program, and 

| DOE-Industrial Technologies _ 2.500 2.300 1.700 the Research Associates P rogram. The add- 
NASA _ 9.542 10.100 11.100 co unde ane Suppor an Kind from a 
DARPA | 10.000 8.166 8.500 ca NIST weotan es the support tor 
ARO-DURHAM 1.200 _ 8.166 8.500 y Pros 
ARMY-MTL 1.033 1.742 2.400 Outlook 

ONR 2.000 2.000 2.000 | — 
AFOSR. 3.800 3.700 3.800 There is no shortage of projections of ad- 
Wright Research and Development , vanced structural ceramics production; 

| Command—Materials Lab 2.100 2.000 2.534 | however, estimates for the year 2000 cur- 
Naval Surface Warfare Center 1.250 1.260 1.230 rently r ublished vary by more than an 
Naval Air Systems Command __-125 __.224 __ 300 ores O magni: even the lack 0! oat 

Total 85.991 84.155 79.909 | Satnering capability and the proprietary 
Source: Committee on Materials, Office of Science and Technolosy Policy Executive Office of he Pride SCCCCs«*;:C UAL of producers, this is not surprising. ource: Committee on aterials, 1ce OF science an echnology rolicy, Executive 1ce 0 ¢ = ent. The O nly gener. al S ta temen t tha t can be 

made is that production and consumption 

Development Command, and the Naval | tribology, nondestructive evaluation, and will increase and that, by the year 2000, ; ; ; advanced structural ceramics will be Surface Warfare Center. The remainder is | design methodology. Major materials ef- . - Le ; . economically significant. conducted by universities and industry | forts are devoted to the National Aerospace ; ; | , ; A synthesis of various estimates has been through funding by the Army Research | Plane, the space station, and the high-speed 5 Lege offered by R.N. Katz,!5 who used a number Office-Durham, ONR, the Air Force Of- | civilian transport plane. ; :; - ; ; of sources, including data from the U.S. fice of Scientific Research, and the Defense The National Science Foundation, which 
; ; . . Department of Commerce, the Long Term Advanced Research Projects Agency. Of in- | is an independent organization chartered ; 

Credit Bank of Japan, and trade publica- terest to Defense are all aspects of struc- | and funded by the Federal Government, | ~ : ; tions, as well as private discussions. The tural and electronic materials, including | funds basic research only by way of grants. . . estimates, shown in table 6, do not include processing and synthesis of ceramics and | These are to universities through the resent or projected militarv applications 
composites for ultrahigh strength, high- | Materials Research Laboratories, the newly _ hich could be sioni Fcant. PP 
temperature capabilities, and corrosion | established Engineering Research Centers, é 
resistance for use in aircraft and missiles, | small research groups, and individual prin- B d 
armored vehicles, naval vessels, gas turbine | cipal investigators. The emphasis is on pro- ackgroun 
engines, and weapons systems. R&D for | cessing science, mechanical behavior, and Definitions, Grades, and Specifica- 
the Strategic Defense Initiative (“Star | characterization. tions.—Ceramics are solid inorganic, 
Wars’’) is not included in the totals in table 5. The Bureau of Mines through the Div. | nonmetallic materials and/or products 

The National Aeronautics and Space Ad- | of Minerals and Materials Science, has a | made from mineral particles by process- 
ministration spends about $10 million per | research budget of about $24 million. ing in one or another of a variety of ways 

| year, mainly on in-house research on | About $15 million is devoted to minerals | at high temperatures. Processing may in- 
toughened and fiber-reinforced ceramics, | research—extraction, beneficiation, etc.,— | volve melting and rapid cooling, as is the 
coating of fibers and composites, fatigue | with the remaining $9 million devoted to | case with glass; partial melting, as with 
and fracture studies, structural mechanics, | materials research. Only $3.1 million goes | porcelain and porcelain enamel; melting, 
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TABLE 6 device or system. The two classes are com- | of a variety of composites, is now commer- 

| WORLDWIDE MARKET monly referred to simply as structural Or cially available. These are spun from solu- 

functional ceramics; that convention will | tions or slurries of alumina-containing 

PROJECTIONS FOR be observed here. The following discussion | precursors, followed by heat treatment. 

HIGH-PERFORMANCE is restricted to structural ceramics, with | They are available as woven preforms, 

STRUCTURAL CERAMIC PARTS | emphasis on those materials still in the | papers, and mats. 
(Million dollars) R&D stage or early stage of commercial Boron carbide (B,C) is harder than all 

development. known materials, other than diamond and 

Applications 1985 1995 2005 A summary of important advanced struc- | cubic boron nitride. It has found use, 

Heat engine ceramics 30. 1,000 4,000 | tural ceramics, their uses, fabrication, and | therefore, as an abrasive, abrasion-resistant 

Bearings 2” — 999 ~=«- 400 :| important properties is given in table 7. | components, and ceramic armor. Because 

Cuttings tools and The number of chemical compositions | of the high neutron cross-section of boron, 

metalworking 75 150 300 | and processing variables is quite large; | both boron and boron carbide have been 

Industrial wear parts 300 450 900 | however, the potentially important | used as reactor control elements, radiation 

Biomedical and dental, materials for large-scale application are | shields, and moderators. 

including crown 1,000 2,000 4,000 | limited. These are alumina (A1,05), silicon Silicon carbide (SiC), has been used for 

Toul «+1385 3,800 9,600 | carbide (SiC), silicon nitride (S3N4,), nearly 100 years as an abrasive and for 

scmakRNK OO ~~«&*Y:s Salons: (solid solutions of silicon nitride | manufacture of electrical heating elements 

and alumina), and various forms of zirconia | and, more recently, as a super-refractory. 
(ZrO,). Attention is focused on these, with | High-purity silicon carbide, with less than 

casting, and recrystallization, as with glass | brief mention of other materials and their | 1.2% impurities, is a prime candidate for 

ceramics; or solid-state reaction (sintering), | uses. many structural applications requiring high 

as with alumina (AI,O,;) or zirconia Alumina (aluminum oxide), though one | strength at high temperatures and good 

(ZrO,). A small quantity of liquid may be | of the most abundant oxides in the crust of | wear resistance, such as in automotive 

formed during solid-state sintering if a | the Earth, is for practical purposes ob- | engines. High strength fibers of silicon car- 

component is added as a sintering aid to | tainable only from bauxite, a complex mix- | bide have been produced by chemical vapor 

accelerate reaction and densification. In | ture of hydrated aluminum oxides. Baux- | deposition; platelets and whiskers have also 

any case, a ceramic is made by using high | ite must be refined to produce anhydrous | found use as reinforcements for ceramic, 

temperature to form a solid body by chang- | oxide suitable for use as feedstock for metal, and polymer composites. | 

ing the state of aggregation, forming new | reduction to aluminum, refractory grain, Silicon nitride (Si,;N,) exhibits excellent | 

chemical compounds, or both. Ceramic | or other specialty products. Alumina is used | corrosion and oxidation resistance over a 

technology as described previously | for a wide variety of ceramic products, in- | wide temperature range and retains its high 

originated in prehistory and remains today, | cluding refractory brick, cements, and strength up to 1,100° C. Because of these 

though with ever improved processing ef- | castable refractories. High-purity aluminas, properties and high hardness, it has been 

ficiency and property development. The | those with 75% to 100% Al,Os, are high- | under evaluation for use as components in 

past decade, however, has produced some | value materials used because of their elec- | gas turbine engines and heat engines, as 

new methods for ceramic fabrication that | trical resistivity for semiconductor and | high-temperature bearings, cutting tools, 

promise to improve both processing and | integrated circuit substrates, high- industrial wear parts, and ceramic armor. 

properties. These include chemical and | frequency insulators, holders and spacers | Sialons, oxynitrides of silicon and 

physical vapor deposition, plasma spray- | for printed circuits, and spark plug in- aluminum, are similar in structure and pro- 

ing to form coatings or fine powders, sol- | sulators. The high strength and hardness perties to silicon nitrides. They are being © 

gel formation, and organic precursors for | of alumina make it suitable for seal surfaces | used as lubricstion-free bearings, rocket 

powder synthesis.. for rotary pumps, nozzles for a variety of | nozzles, and gas shrouds for orbital 

In the broadest sense, ceramics includes | applications, cutting tools, nonlubricated | welders. 

all processed inorganic, nonmetallic | roller bearings, grinding media, and a host Zirconia (ZrO,), produced from the 

materials: glass, porcelain and other pot- | of other applications requiring strength, | mineral zircon (ZrSiO,) or less common- 

tery and dinnerware, porcelain enamels for | hardness, and wear resistance. Alumina re- | ly from baddeleyite (ZrO,), exists in three 

coating metals or ceramics, whiteware | tains about 90% of its mechanical strength | different structural forms, depending on 

(bathroom and kitchen fixtures), refrac- | up to 1,100° C, though its high coefficient | temperature and amounts of other oxides 

tories, construction brick, tiles, clay pipe, | of thermal expansion results in poor ther- | (magnesia, MgO; lime, CaO; or yttria, 

abrasives, pigments, cements, limes, | mal shock resistance, which limits its use | Y,O;) included in the crystal structure dur- 

plasters, and a wide variety of specialty | in applications involving rapid temperature | ing synthesis. By incorporation of several 

products. changes. A promising new material is | percent of the stabilizing oxide, a mixture 

Advanced ceramics are generally | transformation toughened alumina, with 8 | of cubic and tetragonal forms can be pro- 

classified as having a structural function— | to 15 percent by volume of ZrO, included | duced. Stress applied to the materials, by 

i.e., they must retain their physical integrity | in the ceramic body. Cracks that develop | external mechanical force or resulting from 

in harsh environments, at high stresses, at | during rapid cooling are prevented from | rapid temperature change, causes transfor- 

high temperatures, or under chemical | growing and causing catastrophic failure by | mation of the tetragonal form to the low- 

attack—or an active function— i.e., their | the transformation in ZrO,, which is | temperature monoclinic form. This results 

properties are essential to the functioning | discussed later. A family of fibers of | in an increase of 3% to 5% in the volume 

of an electronic, optical, or magnetic | alumina, targeted for use as reinforcement | of the crystal, effectively blocking crack 
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TABLE 7 

STRUCTURAL CERAMICS 

Materials class Chemistry and form Processing methods Critical properties Uses or potential uses 

Monolithic: 
Oxides Al,O;; partially Prepared as submicron Heat resistance; Turbine blades; 

, stabilized ZrO, powders; formed by strength; wear adiabatic engine 
(PSZ); tetragonal pressing; sintered resistance; corrosion components; heat 

zirconia polycrystal at high temperatures resistance. exchangers; cutting 

(TZP); BeO; cordie- with or without tools; bearings; 

rite; SiO,; mullite; pressure. catalyst carriers; 
| Al,Ti0;; Y,0;; ThO,. mechanical seals; 

| nozzles; RF crucibles; 

nuclear shielding. 
Nonoxides SiC, Si;N,, Sialons, Prepared as submi- Heat resistance; Turbine blades; 

B,C, AIN, hexagonal cron powders; formed oxidation resis- adiabatic engine 
BN, cubic BN, TiB,, by cold or hot tance; strength at components; heat 
ZrB,, TiN, TiC. pressing, with or high temperatures. exchangers; 

without sintering cutting tools; 
aids; sintered at . bearings; catalyst 

high temperatures, carriers; mechanical 
with or without seals; nozzles; RF 

pressure. crucibles; nuclear 

shielding. 

Composites Matrices of oxides Processing not yet Heat resistance; All the applications 
and nonoxides; re- developed; fiber improved fracture of monolithic 

inforcements of C, prepregs treated toughness; ceramics. 
SiC, Si;N,, Al,O;, with slurry; chemical **graceful’’ fracture. 
aluminosilicate vapor deposition. 
fibers; SiC whiskers; 
PSZ particulates. 

Carbon matrix-carbon Continuous fiber Heat resistance; National Aerospace 
fiber composites. prepregs; CVD strength; low Plane skin; rockets 

carbon matrix. density (needs and missiles; space 

protection from structures. 
oxidation). 

Source: Bureau of Mines. 

growth and total fracture of the ceramic | crystal structures, it is essential that the | to learn by error will be available. Im- 
body. This phenomena is called | microstructure, the way in which the | provements in processing and properties of | _ 
transformation-toughening because the im- | crystals are arranged, be controlled. For | new materials will be, of necessity, an in- 
pact resistance is increased many fold. Zir- | many materials the level of understanding | cremental process. 
conias containing both cubic and tetragonal | of the relationships between structures and To assemble the components of a piece 
zirconia are called partially stabilized | properties is inadequate, and the relation- | of complex machinery or device, it is nor- 
zirconia (PSZ). Those containing only | ships between these and processing | mally necessary to bond dissimilar 
tetragonal zirconia are called tetragonal | parameters are only generally understood. | materials, such as ceramic to metal, dif- 
zirconia polycrystal (TZP). Ceramics with | Accordingly, a large portion of current | ferent alloys to each other, or polymer to 

| added zirconia are called transformation- | research is in this area. metal. Because of differences in chemistry 
toughened ceramics (TTC); transformation- New materials do not lend themselves to | and coefficients of thermal expansion, this 
toughened alumina (TTA) has found ap- | assembly line use for several reasons: con- | can be a formidable task. If welding, 
plication as a grinding and cutting material. | trol of properties during processing is not | soldering, or brazing media are used, the 

Other ceramics used or being evaluated | well understood; the materials cannot be | bond is likely to be the weak point in the 
in advanced applications include aluminum | made using existing assembly line equip- | structure, nullifying much of the advantage 
titanate, Al,TiO,, stable to 1,865° C, for | ment; and the low production volumes do | of the new material. If direct bonding 
use as shock-resistant materials in catalytic | not justify large capital expenditures, at | between the new materials is possible, the 
converters and diesel engine components; | least in the early stages of commercializa- | bonding process itself may alter the pro- 
and cordierite, Mg,A1,Si;O,, with a low | tion. Hence, new structural materials will | perties of one or both components. Much 
thermal expansion coefficient, in similar | not be widely adopted until fully integrated | research will be needed to overcome these 
applications. design and manufacturing processes and a | problems. New design concepts will also 

high degree of automation are developed. | have to be developed so that mechanical fits 
Technology.—Processing.—One of the | It will be necessary, moreover, to begin the | can be used to the maximum. 

key features of the new materials is that the | process even before all the relevant There are technical constraints specific 
structures are controlled to obtain optimum | structure-property-processing relationships | to advanced structural ceramics in addition 
properties. In addition to controlling the | are fully understood so that the opportunity | to the general constraints summarized 
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previously. The major impediment to suc- | and well-understood properties. It is | It is essential that methods be devised, 

cessful application of structural ceramics, | relatively easy to match these materials to | perhaps for continual monitoring during 

with their very high strengths, hardness, | specifications because physical property | use, before manufacturers will have enough 

and corrosion resistance at high | data are readily available. Advanced | confidence in the new materials to adopt 

temperatures, is their brittleness. Fracture | materials are fundamentally different | them. 

in a ceramic material originates at flaws— | because they are, in general, engineered for | 

voids, scratches, or inclusions—and pro- | particular designs and applications for | | 

ceeds to total failure very rapidly. Much | which no commodity materials are POLYMER MATRIX 

research has been done, and considerable | available. Consequently, physical proper- | COMPOSITES 
progress has been made in controlling | ty data bases, from which a designer or | 

flaws. Still, the rejection rate is very high, | process engineer can select a material with Producti ac . 

as much as 80%, and the range of | correct specifications, are unavailable. The oduction and Consumption 

measured strengths in many samples from | situation is complicated even more in some A polymer composite is a combination 

the same production run is very wide. The | cases because two apparently identical | of a matrix, formed by polymerization of 

dependability and consistency required for | materials from different suppliers may not | an organic resin, and a reinforcing material 

mass production has not been attained in | be equally suited for a given manufacturer’s | in the form of continuous fibers in a varie- 

most cases. needs. Much effort is expended, therefore, | ty of patterns and weaves or short fibers, 

The problem of critical flaw density can- | in locating a suitable material, and it is | whiskers, or particles. Generally only 

not be solved by overdesigning, as with | necessary for the materials supplier and the | polymers reinforced with continuous fibers 

metals, because only one critical flaw is | manufacturer to work together to develop | are considered advanced polymer com- 

necessary for failure; the larger the com- | that material. This situation will be improv- | posites (APC); that convention is follow- 

ponent is, the more likely it will have a | ed only when structure-property- | ed here. Matrix resins may consist of ther- | | 

critical flaw. A second major problem with | processing relationships are adequately | mosets such as epoxies, phenolics, 

ceramic materials is that the very proper- | understood. Then many advanced struc- | polyesters, vinyl esters, or urethanes, or 

ties that make them useful, hardness and | tural materials will be cost-competitive | thermoplastics such as polyphenylene 

strength, also make them difficult to | with commodity materials in mass produc- | sulfide, polysulfones, polyetherether- 

fabricate to close dimensional tolerances. | tion. Standardization of processing and | ketone, polyarylenes, or imides. In general, 

Net shape production is difficult because | compilation of property data bases need to | the important physical properties of APC’s 

shrinkage during sintering must be uniform | be given a very high priority in the R&D | are determined by the properties of the 

and closely controlled. This requires very | arena. fibers rather than the matrix, so a myriad 

precise control of processing parameters. Standardized tests for properties of com- | of polymers, blends, and alloys may be 

They cannot, moreover, be machined to | modity materials have been devised by the | used. Many of these are widely used as 

final size and shape by conventional | American Society for Testing and Materials | commodity plastics. For these reasons, and 

methods. These areas of concern are be- | and can be used worldwide to provide | to place the production levels and values 

ing actively researched at present, but solu- | reliable comparisons of competing | of APC’S into perspective, an overview of 

tions, which must be found for these | materials. Such tests are not yet available | plastics production in the United States 

materials to be competitive, appear to be | for many of the new materials. In fact, the | precedes that for APC’s. The data are pro- 

: several years away. only criterion for acceptance of a new | vided by Modern Plastics magazine'® and 

All three classes of composites—metal | material in many cases is successful per- | are compiled from data from the Commit- 

matrix, ceramic matrix, and polymer | formance. It is expensive to proof test each | tee on Resin Statistics of the Society of the 

matrix—are handicapped by inadequate | component in simulation tests or actual use, | Plastics Industry. : 

understanding of the forces operating bet- | so these materials will not be competitive Table 8 provides U.S. resin sales, in- 

ween the matrix and the reinforcing | with commodity materials until standard | cluding exports, for 1988 and 1989 by ma- 

materials (fibers, whiskers, or particles). | testing methods are developed. | jor resin types. Sales for 1989 were less 

"Much research will be required to max- | Nondestructive evaluation methods are | than 0.5% higher than for 1988, compared 

imize the effects of reinforcement. Fabrica- | urgently needed, particularly for materials | with gains of 5%, 9%, and 4% for the 

tion is complicated by the requirement | such as structural ceramics in which | previous 3 years. The slower growth was 

for uniform, predictable, and controllable | critical flaws are difficult to prevent and to | attributed to buildup of inventory because 

distribution of the reinforcing phase and | detect. It is likely that nondestructive | of a slower economy in which construction 

by the labor intensive nature of the layup | evaluation will be needed for each compo- | and automotive applications were sluggish. 

of materials. Considerable research is | nent made of such materials. Eight major market segments, as shown 

needed to make it possible to control and All materials will, in general, suffer | in table 9, accounted for approximately 

vary curing times so that a range of form- | from deterioration of critical properties | 60% of total sales, with packaging and 

ing methods can be used for a given | during use. The long-term effects of stress, | building applications comprising the ma- 

material and production rates can be | flexure, exposure to corrosive en- | jor portion and showing slight declines in 

accelerated. vironments, exposure to radiation, and so | 1989. These data are for sales of feedstock 

forth, cause cumulative damage to | resins only and do not reflect the total value 

Testing.—Large-volume commodity | materials, causing them ultimately to fail. | of products of those industry sectors. 

materials such as sheet steel, copper wire, | Methods of assessing cumulative damage Table 10 provides production data and 

and so forth, are selected for a particular | and predicting remaining usefulness have | overall value of advanced polymer com- 

application on the basis of well-measured | not been developed for the new materials. | posites, compiled by Kline and Co., 

ADVANCED MATERIALS MINERALS YEARBOOK—1989 105



Cee 

TABLE 8 TABLE 10 

TOTAL U.S. RESIN SALES PRODUCTION OF ADVANCED POLYMER COMPOSITES AND 
(Thousand metric tons) PROJECTIONS FOR 1998 

Material 19889989 | a 
ABS. 580-564 United States | World 

Acrylic 316 335 Year Million Metric © Value, Million Metric Value, 
Alkyd 145 147 pounds tons billion dollars! pounds tons billion dollars! 
Cellulosics Al Al 1988 16.5_ 7,500 2.3 28.0 12,700 3.8 

Epoxy 112 23 1989 218.3 8,300 2.5 330.8 13,970 4.2 

Nylon st—CSsS 260 270 1998 447.5 21,500 6.5 580.0 36,300 10.9 

Phenolic —_——~—~=«A,38S_—1,34_‘BMEd on weg prc of $136 per rund 1985 dla 
Polyacetal 63 64 Estimated, based on 10% growth. 

Polycarbonate —— 267282 sprejected, based on 10% growth yer yea, 
Polyester, thermoplastic 927 953 source: Kline and Co. 

Polyester, unsaturated 623 601 

Polyethylene, high-density 3,667 3,681 . . 

Polyethylene, low-density 4,965 4,824 | highly significant. The United States pro- | impregnated fibers aligned in a unidirec- 
Polyphenylene-base alloys _ 78 80 duces about 60% of world supply, and pro- tional tape or in a woven preform), or 
Polypropylene and copolymers 3,215 3,287 | Jections are that the percentage will remain fabricators that provide their services to the 
Polystyrene —~C~S«Ss=K« 385 nearly constant through 1998. Kline and major composites producers. ; 
S-SFEEEUEIEEEEP EEE ° Co. report that the world market consists Fibers represent a $500 million world 
Other styrenies 499531 | OF 50% for aerospace applications; 25% for | business and resins about a $200 million 
Polyurethane Cs«d4SAOT— ‘1,472 | recreational products, 15% for industrial | business. Materials costs, however, make 
Polyvinyl chloride and use, mainly for composite tooling; and less | up only about 18% of the cost of a finish- 
_copolymers 9,799 3,708 | than 2% for automotive use. For matrix ed part, so the future of the industry will 
Other vinyls 431 435 | resins, epoxies account for 95% of total | depend not on the cost of high-strength 
Styrene acrylonitrile 66 62 | production. fibers so much as on cost-efficient 
Thermoplastic elastomers 223 246 The only available data for reinforcing | automated process development. 
Urea and melamine 687 620 | fiber and prepreg have been compiled by 

Others 131 139 | the Suppliers of Advanced Composite Prices 
Total 26,287 26,439 | Materials Association (SACMA) and are : 

Source: Modern Plastics. ~~~ | given in table 11. Production by individual Because advanced polymer composites 
countries is not available. are not mass produced commodity 

TABLE 9 According to Kline and Co.,!7 carbon | materials; because there are almost 
fibers make up 60%, aramid makes up | unlimited possibilities for combination of 

U.S. RESIN SALES TO 25%, and high-strength glass fibers make | various polymers, blends, and alloys with 
MAJOR MARKETS up about 13% of the total. The remaining | different fibers; and because APC’s are 

(Metric tons) 2% consists of developmental fibers such | designed and engineered for each in- | - 
988. «1989. | &S Silicon carbide, ultrahigh molecular | dividual application, there is no establish- 

oa | weight polyethylene, boron, and quartz. | ed price structure. The cost of constituent 
Packaging 6,044 6,392 SACMA has provided production data by | materials—polymer matrix and reinforcing 
Building (8280 >,166 | volume and dollar value, employment data, | fiber—makes up, on average, only about 

Transportation 965 98 | and breakdowns by market segment and | 18% of the cost of a finished component!? 
Electrical/electronic 957 999 | region (table 12). Though the production | so the final price is dependent on design, 
Housewares 611 618 | levels are comparable with those of Kline | engineering, tooling, and fabrication costs. 
Appliances 522 543 | and Co., the estimates of dollar value dif- | These costs will remain high until capital 
Furniture 505 540 | fer by a factor of almost four, and SACMA’s 
Toys tst—<CST 3.43 331 | projections for world production in the year TABLE 11 | 

Other 10,5608 | ee en) are well ahead | WORLDWIDE SHIPMENTS OF 
Total 26,287 26,439 ennai ine and Vo. in (36, FIBERS AND PREPREG 

| Poros: Modern Plastics. | The structure of the advanced pol (Metric tons) polymer 
composites industry is indicated by table | —__—_- 

Fairfield, NJ, for 1988 and projected | 12, which lists the member companies of | *S%__—=——sFiber—Prrepreg 
figures for 1989 and 1998. Though total | SACMA,!® who accounted for 95% of | 19855279 (6,993. 
production by weight of APC’s constitutes | world production in 1989. In addition to | 1986 5,949 8,219 
only 0.03 % of the production of commodity | these major corporations, many small com- | 1987 6,830 8,888 
resins in the United States, the total pro- | panies have found niche markets as | 1988 8,117 10,278 
duct value, averaging $136 per pound, is | weavers, prepreggers (assemblers of resin | source: Suppliers of Advanced Composite Materials Association. 
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TABLE 12 | toughness than epoxies and lower viscosi- | 

ADVANCED COMPOSITES MARKET TRENDS AND FORECASTS ty than thermoplastics, are being for- 
| mulated and evaluated. These materials, 

TT ————_ | with potentially better impact resistance, 

EBON | will, nevertheless, be difficult to repair or 

World growth: recycle. A wide variety of commodity 

_Production (metric tons) (10,000, 13,500 90,000 600,000 | polymers, blends, alloys, liquid crystal 
Value (millions) $800 $1,000 $10,000 $30,000 | polymers, and engineering polymers are 

Employment 20,000 25,000 200,000 500,000 | also being evaluated as matrix materials to 

By market (percentage): optimize strength, stiffness, fracture 

Aircraft/aerospace 55 44 50 40 | toughness, corrosion resistance, 

Recreational 28 34 20 10 | repairability, and recyclability. 

Industrial/other 17 22 30 50 | , 

By region (percentage): New Fibers.—The effectiveness of fibers 

Asia | 19 26 25 28 | as reinforcements in advanced polymer 

Europe 23 14 20 22 | composites depends on their intrinsic 

North America 58 60 55 50 | strengths, surface condition (failure is in- 

Source: Suppliers of Advanced Composite Materials Assocation. ~=~CS~*é“‘S™SOS*“‘C(CNC..C~~~___| tiated at surface flaws), and the strength 

| of the interfacial bond with the matrix. An 

| | enormous effort is being made to improve 
processing of fibers to improve their 

; ; . . strengths by eliminating surface flaws 

EE ere snd nero ap. | pone ats Material About 95% of | tough sol-gel fomaton, beter contol of 
plications permit economies of scale ° a 080 Cae aoe ea  opox iota molecular orientation, chemical vapor 

Prices of carbon fibers, made either from me vee tenon fiber or hich. | (Position methods, and __ surface 
. a. reinforced with carbon fiber or high- | treatments. A variety of silica, 

pitch or polyacrylonitrile precursor, range | strength glass fiber. This is a result of two aluminosilicate, boron, silicon nitride, 

rom $20 to $60 P Abe; ound, thou gh very factors. First, at the time, about 10 to 15 | silicon carbide, and’ organic fibers is also 

eyP y years ago, when property and performance | being developed and evaluated as potential- 
as $1,000 per pound. Aramid fibers (Du- | specifications were written for current 
Pont Kevlar) are priced at $10 to $20 per ' the onl ly stronger or less costly reinforcements. 

pound, and high-strength fiberglass costs svat ee etal suth tig de vel sd, Imp rovement of the bond between fiber 
less than $5 per pound. Commodity ind. 11x ‘ood > be us ad suc y fall ve nd | and matrix is being sought by development 

polymers, thermosets, and thermoplastics spony tes > celati , ey t of surface treatments to improve fiber wet- | 

cost only $1 to $5 per pound, with high- fabric te becaus th Sresin-c tal st nixt = | ting and adherence. Improved bonding may 
strength, high-temperature engineering h ricate because the resin-catalyst Mx'Ure | result from development of increased fiber 

2 re" as a low viscosity, suitable for a variety | surface area by means of extrusion of fibers 

polymers ranging to perhaps as much as | of prepregging and forming operations. | with crenulations, i.e., with asterisk-like 
$100 per pound. Epoxies, moreover, wet fibers effectively | Gross sections. 

Even the average prices of finished APC | to produce a strong bond and possess the 
components are not agreed upon; Kline and | strength, stiffness, corrosion resistance, 
Co? places average prices at $125 to $140 | and high-temperature stability needed for Joining Methods.—Though the number 

per pound while SACMA?? estimated the | many applications. of component parts in a system is general- 

average price at $33.60 per pound in 1988. Epoxies have some disadvantages, ly less with polymer composites than with 

Cc tR h however. Though strong, they also do not metal parts, particular ly in acrospace 

urrent Neseare have high fracture toughness, i.e., they are | systems, parts must still be assembled with 
The level of research effort in polymers, | brittle and do not resist high impacts. fasteners or adhesives. Obviously, if the 

not only for structural applications but also | Because epoxies are thermosets, formed by strength of the joint is less than that of the 

for electronic, optical, magnetic, and | irreversible chemical reactions, they do not composite parts, much of the advantage of 

medical uses, is very high in the Federal, | soften or melt but decompose, making | the composite is nullified. Joining methods 

industrial, and academic sectors. | repair or recycling difficult. Ther- | are, therefore, receiving a great deal of at- 

Thousands of technical papers are publish- | moplastics, on the other hand, though not tention. Improved metal and polymer 

ed each year, and proprietary research is | as heat resistant as epoxies, have high frac- materials for use as bolts and rivets are be- 

certainly extensive. It is impossible, | ture toughness and can be melted and ing sought, and high-strength adhesives and 

therefore, to present an adequate summary | reformed. The difficulty with ther- direct bonding methods are under in- 

except in the broadest terms. Much of the | moplastics is high viscosity, which cause vestigation. Perhaps more importantly, new 

effort is driven by the defense and | problems with fiber wetting and infiltration computer-aided design methods have been 

aerospace industries?? where about 60% | and limits the possible fabrication methods. developed to predict stress levels within the 

of advanced polymer composites were used Current research to develop new matrix composite and at the joints of assemblies. 

in 1989 and likely will be for many years | materials is aimed at overcoming these dif- This enables engineers and designers to 

to come. A few major research areas are | ficulties. A number of blends of epoxies develop structures in which stresses are 

summarized here. and thermoplastics, with greater fracture minimized in critical areas. 

, ADVANCED MATERIALS MINERALS YEARBOOK—1989 107



ee 

Nondestructive Evaluation.—Fiber | Outlook Background 

breakage during fabrication, poor fiber- | Two of many projections for production | Definitions, Grades, and Specifica- 
matrix adherence, and existence of voids | oF advanced polymer composites are pro- | tions.—Polymers are composed of 
and inclusions in polymer composites are | vided in tables 10 and 12. The United States | thousands to millions of identical units, 
potential causes of failure in service and | pas a dominant position in what is a truly | called monomers, linked together by strong 
are not readily detectable by visual inspec- | international industry, as indicated by table | covalent bonds into linear chains, linear 
tion. Methods for inspection of each com- | 43 and is likely to remain in that position. | chains with branches protruding at inter- 
ponent prior to incorporation into a finish- | This is because of strong research effort in | vals, or networks, with cross linking bet- 
ed assembly are being tested as nondestruc- | py aterials development, processing | ween chains. The process of linking 

) tive evaluation methods. These include | research, and rapidly developing capabili- | monomers together, called polymerization, 
ultrasonic inspection, infrared ther- | tieg in computer-aided design, computer- | can be accomplished by addition, simply 
mography, thermographic stress analysis, | aided manufacturing, automated flexible | by mixing components or with the aid of 
X-ray tomographic microscopy, eddy cur- manufacturing, and robotics. As in 1989, | a catalyst, or by condensation, wh‘ch 
rent measurement, acoustic emission | fyture growth will be mainly in defense, | results in linkage of monomers with release 
measurement, fluorescence spectroscopy, aerospace, and recreational equipment | of a simple molecule such as water. 
scanning capacitive and induction probe | where the high costs of advanced polymer | Thermosets are those polymers that form 
methods, magnetic resonance imaging composites are justified by improved per- | by irreversible chemical reaction and con- 
(MRI), and pulsed nuclear magnetic formance and durability. Very large-scale | sist of strongly cross linked chains. Ther- 
resonance (a variation of MRI). production of composites in automobiles | mosets cannot be remelted and reformed 

Any structural material under stress | ang many other consumer products cannot | but, rather, decompose at elevated 
deteriorates with use because of formation | be realized until the costs of these materials temperatures. Because of the cross linking, 
of MACTOCT acks, weakening of the fiber- can be justified by their performance | thermosets are strong and heat resistant but 
matrix bond, and fiber breakage. En- | characteristics. Automobile makers appear | tend to be brittle. Examples of thermosets 
vironmental conditions, such as exposure | t> be convinced, nevertheless, that large- | are epoxies, phenolics, vinyl esters, 
to chemical agents, ultraviolet radiation, | coale substitution of polymer composites | polyesters, and urethanes. Thermoplastics 
heat, monatomic oxygen (in space), and | for structural metals is inevitable. A con- | are polymers, with less cross linking, that 
lonizing radiation, also contribute to | corium was formed by Chrysler Corp., | can be remelted and reformed. They tend 
degradation of the properties of materials. | Ford Motors Co. , and General Motors | to be less brittle (tougher), more flexible, 
Because of the lack of experience in Corp. during 1989 to evaluate polymer | and stronger in the direction across the 
longtime use of advanced polymer com | composites on a precompetitive basis. New | strongly linked chains than between. Con- 
posites and the variability of properties and | fy¢j efficiency and environmental regula- | sequently, if the chains are aligned, the 
structures resulting from lack of uniformity | tions will likely contribute to acceptance | polymer is much stronger in one direction 
In processing, much effort is being expend- | of the higher costs of these materials. After | than the others. Details of the polymeriza- 
ed to evaluate new materials for deterior @- | capital investment has been made to con- | tion process and variations thereof have 
ion in use. Nondestr uctive evaluation vert manufacturing operations to the new | been described by Catherine Kilgore 
methods are being developed for periodic | materials and processing methods, | (Reference 10, pp. 8.1-8.57). Figure 1 il- 
he wot wromising methods being put however, unit costs should decrease | lustrates the materials flow from the 

| vestigated at present are based on continual dramatically. 
monitoring during service. Two methods 

presently under development involve incor- TABLE 13 

Friezoelectric or light emitters), coupiea | MEMBER COMPANIES! OF SUPPLIERS OF ADVANCED COMPOSITE 
with wires or optical fibers to transmit data MATERIALS ASSOCIATION 
to a computer system or sound detectors to | —————__ 
receive acoustic emissions from critical United States Europe Japan 
points in the component to be transmitted | 3M Co. Akzo/Enka AG Asahi-Kasei 
to an analyzing computer. Allied Corp. BASF AG | Mitsubishi Rayon 

; American Cyanamid Co. BP/US Polymeric Toho Rayon 

have heen s ‘dentified by the NRC? as apres Amoco Corp. Ciba-Geigy Corp. Toray Industries 

blem area in commercialization of new wow Chemical Co __Courtauids PLE 
materials, resulting from inadequate recog- =A._ch Font de Nemours & Co. Hoechst-Celanese 

“4: : . . Ferro Corp. ICI PLC nition of the relationships among design, | ——————____WWJ_J___O 
materials properties, and processing. In the | Hercules Inc. 0 Rhone-Poullenc Inc, 
case of polymers, this has not been as great | Hexcel Cop. RK Carbon FiberCon 
a problem as with other materials because | M. C. Gill Corp. Shell Chemical Ltd. 
the wide variety of materials and process- | Owens-Coming Fiberglass 
ing methods has required attention by | Phillips 66 Co. 

polymer engineers and manufacturers from ‘Represents 95% of world production in 1989. 

the beginning of the industry. Source: Suppliers of Advanced Composite Materials Association. 
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major feedstocks to production of the ma- | applications each year. Advanced polymer In the industrial market, the primary use 
jor classes of polymers. The percentages | composites, however, because of cost, have | of polymer composites is in tooling, but 
below each of the feedstocks in figure lin- | relatively few uses, most notably in | many other applications are developing. 
dicate the relative usages of the feedstock | defense, aerospace, and sporting goods. In | Robot arms, for example, with less iner- 
materials. Ethylene, for example, com- | defense and aerospace they are used in | tial mass than metals, contribute to greater 
prises 54.5% by weight of the total | helicopter rotors, blades, and tail | speed and lower systems costs in automated 

feedstocks used for polymer production. | assemblies and in weapons systems as | manufacturing. 
Table 14 shows the broad classification of | rocket motor cases on missiles and space . 

thermoplastic polymers according to use, | vehicles. They are finding increasing use Technology.—Processing.—Current 
price, and volume‘ As indicated, the per- | in secondary aircraft structures such as technology in advanced polymer com- 
formances and prices of the materials are | control surfaces (flaps, rudders, and | Posiles processing has been well summariz- 

directly related. In the case of advanced | stabilizers) or fairings (streamlining covers ed by the Bureau of Mines (Kilgore, | — 
polymer composites, the materials of in- | for aerodynamics) and more recently as reference 12). Fabrication methodologies, 
terest are the engineering and high- | primary structures such as wing, tail, and | Prototyping, testing, and redesign are all 
performance thermoplastic polymers and | fuselage sections. Composites use in important steps in development of process- 
epoxies. The latter presently are used in | McDonnell Aircraft’s military planes, for | ™8> the many methods of fabrication need | 
about 95% of composites while perfor- | example, has increased from about 2% in | 0 be repeated here. 
mance polymers are still being evaluated | the F-15 to 27% on the AV-8B Harrier cur-— Testing —Performance standards and 

for use as polymer matrices. Table 15 rently in production.° Boeing Co. is team- testing methods are summarized by 

shows comparative thermal stabilities for | ed with Bell Helicopter to manufacture the Kilgore2® and by Modern Plastics?’ in great 

representative commodity, engineering, V-22 tilt rotor aircraft and with Sikorsky detail. The reader may refer to those works 

and performance polymers. | Aircraft to make the new LH helicopters, | fo, specifics on the many materials, pro- 

Detailed definitions, grades, and | both with airframes and skins largely con- perties, tests, specifications, and perfor- 

specifications for the hundreds of polymer | structed of epoxy-carbon composites. mance standards. 
materials are beyond the scope of this work For commercial aircraft, the major : 
but are readily available in the Plastics En- | manufacturers are planning to increase use Recycling.—During 1989, the issues of 
cyclopedia.25 As stated previously, | of polymer composites in new generation | waste disposal and recycling received in- 
specifications for the composites | planes. Boeing, for example, plans to in- | creased attention in response to heighten- 
themselves are not written as with com- | crease the composite content of its highly | ed awareness of environmental problems 
modity materials; the specifications are | successful 757 line from the present 3% to | and the realization that the landfills of the 

written for each individual application. 24.5% during the 1990-2000 timeframe?’ | United States are approaching their capa- 

In sporting goods, the desire for better | cities. Even though plastics constitute only 

Products for Trade and Industry.—The | performance regardless of cost has created | about 6% to 8% by weight of municipal 
number of products utilizing polymer | a market for fiberglass and carbon reinforc- | waste,° the volume is somewhat more, and 
materials, better known in most cases as | ed polymers in tennis racquets, golf club | the stability of plastics in a landfill environ- 

plastics, is too great to list. They are | shafts, skis, sleds, and toboggans; fishing | ment creates the perception that they are 

ubiquitous and are being used in more | poles; and bicycles. more of a threat than other materials. The 

TABLE 14 

CLASSIFICATION OF THERMOPLASTIC POLYMERS 

a 

Maximum Production 
Category Processibility use Price Examples of polymers 

temper: ature volume 

Commodity Very high tempera- 70° C to Low Over 1 million Polyvinyl chloride, low- 

tures not required, 110°-120° C tons per region. density polyethylene, 

generally forgiving high-density polyethyl- 

and versatile. ene, polypropylene. 

Engineering High-temperature 130°-140° C Medium 40 to 100 Polyamides, poly- 
equipment required, to 200° C. thousand. acetals, modified 

process technology polyphenylene oxide, 

limited. polycarbonates, PET, 

PBT, ABS. ! 

High Very high-tempera- Above 200° C High 0.1 to Polyphenylene sulfide, 

performance ture equipment, of- to very thousand polyimide, polysulfone, 

ten made of special high. tons per polyether sulfone, 

resistant materials; region. polyetherimide, 

precise processing polyamide-imide, PEEK,! 

techniques required. liquid crystal polymers. 

'‘PET-polyethylene terephthalate, PBT-polybutylene terephthalate, ABS-acrylonitrile-butadiene-styrene terpolymers, PEEK-polyetheretherketone. 

Source: Bureau of Mines. 
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FIGUREL | 

| MATERIALS FLOW FROM FEEDSTOCK TO RESIN | 
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| 54.5% 5 P : : 
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anne ence nie eR SNS a , A B S y 

Butane or [| _, anatase >{_ass_} 
butylene : ) RT mt 

0.5% SAN : | 

psssccocesats NNEC EEOC EK ELE OER CE REECE E, is ECR os ; 

Ethyl be nzene e Styrene . SSNS SARE 

| | Polyesters  [ 
(unsaturated) § 
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Toluene : | Diamines | Polyurethanes §& 
O. 9% EE EERE SELLE EAL sis neds BRS haa ARSE 

Xylene : cE GSS aC HERR 

5 Phthalic § Polyesiers 
3.6% : : anhydride § (unsaturated) f 

{Naphthalene }—————>|_ Phthalic | Polyesters  f 
| anhydride §£ 

0.6% y : (unsaturated) 

LDPE=low density polyethylene, HDPE=high density polyethylene, PVC=polyvinyl chloride, 
PP=polypropylene, PMMA=polymethyl methacrylate, SAN=styrene—acrylonitrile copolymers, 
ABS=acrylonitrile-butadiene-styrene-terpolymers, PS=polystyrene 

Source: Bureau of Mines. 
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| TABLE 15 Inst. Standards and Technol., NISTIR 89-4041, 1989, 277 pp. 
121).$. Bureau of Mines. The New Materials Society— 

THERMAL STABILITIES OF REPRESENTATIVE POLYMERS Challenges and Opportunities. v. 1. New Materials Markets 

and Issues. 1990, 142 pp. 

Melting Glass-transition The New Materials Society—Challenges and Oppor- 
Polymer - temperature, °C temperature, °C 86 pn. v. 2 New Materials Science and Technology. 1990. 

EE ee ee 
Polyvinyl chloride (PVC) — 182 13.§. Department of Defense. Critical Technologies Plan. 

_ Report to the Committees on Armed Services, United States 

Polystyrene Congress. 1989, 116 pp. 

Polymethylmethacrylate (PMMA) — 105 14Organization for Economic Cooperation and Develop- | 

Polvethyl 2138 —2110 ment. Advanced Materials—Policies and Technological 

woyemynene ee | Challenges. OECD, Paris, France. 1990, 185 pp. 

Polypropylene 165 — 10 1SKatz, R. N. Opportunities and Prospects for the Applica- 

Polybutylene terephthalate (PBT) 240 17 tion of Structure Ceramics. Ch. in Structural Ceramics, 
AKT —_ | Treatise on Materials Science and Technology. J. B. 

Polyethylene terephthalate 265 70 Wachtman, ed. Academic Press, v. 29. 1989, pp. 1-26. 

Polytetrafluoroethylene (PTFE) 327 — 150 16Modern Plastics. Resin Report 1990. v. 67, No. 1, Jan. 

Polvaviate ee GQ 1990, pp. 99-109. 

POlyarytate 17Weatherall, J., and C. Eckert. Advanced Polymer 

Polyphenylene sulfide (PPS) 285 185° Composites—Overview and Outlook. Ch. in Advanced 

ee _ Materials: Outlook and Information Requirements. U.S. 

Polyamideimide Bureau of Mines. Preprint. pp. 48-57. 

Polyetheretherketone (PEEK) 334 : 143 18 angston, P. R. SACMA Concerns, Activities, and Sug- 

Poly (para phenylene benzobisimidazole) (PBI) gestions for Expanding the Use of Advanced Composites. Ch. 

aaa ees in Advanced Materials: Outlook and Information Re- 

Poly (para phenylene benzobisoxazole) (PBO) Decompose above 400 quirements. U.S. Bureau of Mines. Preprint. pp. 150-156. 

Poly (para phenylene benzoisthiazole) (PBT) ‘Work cited in footnote 17. 
ee 20Work cited in footnote 17. 

Polyimide Fo 21Work cited in footnote 18. 

Polypheny1 Decomposes above 530 22Thayer, A. M. Advanced Polymer Composites Tailored 
Polyphenyt EE le 
1Polymers with only a glass-transition are without crystallinity. Below the glass-transition temperature they are stiff; above it they are for Aerospace Use. Chem. & Eng. News. v. 68, No. 30. July 

very viscous fluids. 23, 1990, PPp- 37-57. 

2Semicrystalline polymers have a glass-transition temperature, at which noncrystalline areas develop, and a melting temperature, at which 2Work cited in footnote 10. 

the polymer becomes fluid. 24Work cited in footnote 10. 

Source: Eric Baer. 25Modern Plastics. Mid-October Encyclopedia Issue, Mod. 
Plastics, v. 66, No. ll. Oct- 1990, 938 pp. 

26Work cited in footnote 22. 

° ° ’ . . 27 1 1 

major producers of commodity plastics | the fiber surface, however, is affected so Wonk cite a potnote O 

have initiated planning programs for | that lower fiber-matrix adhesion is observ- | — >>Work cited in footnote 25. _ 

designing products for recycling, opened | ed in new products. Fiber breakage may be | _*Curlee, T. R. Plastics Recycling: Economic and Institu- 

recycling centers, and intensified research | sufficient to render fibers useful only as | {00% [ssues: Conserv. and Recycling, v 9, No. 4. 1986, pp. 

-| on degradable materials. Increased policy | discontinuous reinforcement. To date, the | work cited in footnote 30. 

and legislative attention is now being paid | only satisfactory use for epoxy scrap is as | _ “Richter, H., and J. Brandt. Recycling Carbon Fiber Scrap, 

to these problems by Federal, State, and | finely ground filler for virgin resins. 08) op S386 Handbook, v. 1, Composites, ASM, 

local organizations and is likely to intensify. As the volume of polymer composites in- 

Unlike metals, discarded plastic items | creases, the greatest growth is likely to be | OTHER SOURCES OF INFORMATION 

generally lack unit value or recyclability | in thermoplastic-fiber materials, as in | Bureau of Mines Publications 

and tend to become environmental pro- automotive applications, and then recycling, Abrasive Materials. Ch. in Minerals Year- 

blems or hazards. In 1990, the total U.S. | incineration, and disposal will become part book, annual. 

resin production will reach about 54 billion | of the overall commodity plastics problem. Bauxite and Alumina. Ch. in Minerals Year- 

pounds, and about 38 billion pounds will book, annual. 

be discarded as waste}! In the case of Rare Earths. Ch. in Minerals Yearbook, 

APC’s, the problem is how to separate the 1Ceramic Industry. 5“ Annual Giants in Ceramics/USA. annual. 
fiber from the resin and reuse them | ¥ 129: No. 2, 1987, pp. 25-58. Zirconium and Hafnium. Ch. in Minerals 

. . 2____, 6“ Annual Giants in Ceramics/USA. v. 131, No. Yearbook. annual 
economically. Recycling APC scrap may be , Lugs 

cally. INCCYCTINE Pp may 2, 1988, pp. 18-47. Rare Earths. Ch. in Mineral Facts and Pro- 
economically feasible because of the high | ; "7h Annual Giants in Ceramics/USA. v. 1333, No. . 

; 1989. vo. 22-4 blems, quinquennial. 
cost of carbon fibers. Because the matrix | 2; 1989, pp. 22-49. . ; : ‘neral 

. . 4 " gt Annual Giants in Ceramics/USA. v. 135, No. Zirconium and Hafnium. Ch. in Miner. 

materials currently used are predominant- | , igo, op. 25-44. Facts and Problems, quinquennial. 

ly epoxy resins, studies have been con- sWorks cited in footnotes 1 through 4. 

ducted for that type of material >? Work cited in footnote 4. Other Sources 
In the uncured condition, epoxies are "Work cited in footnotes 2 through 4. Alumina in Ceramic Bulletin, annual com- 

: . 8U.S. Office of Technology: Assessment. Congress of the . . 

soluble in organic solvents such as acetone | United States. Advanced Materials by Design. OTA-E-351. modity review. . 

or methy] ethyl ketone. After the epoxy is | June 1988, 335 pp. Lanthanides and Yttrium in Ceramic Bulletin, 

dissolved. the recovered carbon fiber can 9National Critical Materials Council. The Advanced annual commodity review. 

; . . Materials Program Plan—The Continuation of a Presiden- Silicon Carbide in Ceramic Bulletin, annual 

be reused. After curing, however, epoxies | tial Commitment. Jan. 1989, 78 pp. , 

are insoluble. so this procedure can onl National Research Council. Materials Science and co odity review. 

be used for , romot s yt and reiects y Engineering for the 1990’s. National Academy Press. 1989, Silicon Nitride in Ceramic Bulletin, annual 

: promp P JOC. 118 pp. commodity review. 

Epoxies can be decomposed thermally be- | schneider, S. J., ed., International Cooperation and Com- 1990 U.S. Industrial Outlook, U.S. Dept. of 
low 400° C and the fiber may be recovered | petition in Materials Science and Engineering. U.S. Natl. Commerce. 
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By Thomas O. Llewellyn 

Mr. Llewellyn is a physical scientist with the Branch of Nonferrous Metals. He has covered antimony for 3 years. Domestic 

survey data were prepared by Elsie Isaac, Nonferrous Metals Data Section; and international data were prepared by William 

L. Zajac, Geographic Data Section. 

roduction of primary anti- | antimony was set at 32,659 metrictonsin | of tetrahedrite, a complex _ silver- 

mony was mostly as a byprod- | April 1980. No inventory acquisitions or copper-antimony sulfide ore, from the 

uct or coproduct of primary | sales were made during the year, and, as | Coeur d’Alene District of Idaho. 

ores of other metals such as | of December 31, 1989, the stockpile in- 

lead and silver. Output increased com- | ventory was 32,658 metric tons of anti- | Smelter Production 

pared with that of 1988, but one anti- | mony metal. 

mony refining facility was closed dur- The metric system is the official sys- Primary.—In July 1989, Amspec 

ing the year. Antimony oxide exports | tem of measurement of most countries. Chemical Corp. completed a project to 

increased considerably, while total im- | The Bureau of Mines, in an effort to | increase its antimony trioxide plant ca- 

ports of antimony materials decreased | provide statistical data on antimony | pacity. The company added a new fur- 

sharply from those of 1988. Increased | that are consistent with international | nace to its plant at Gloucester City, NJ. 

reported industrial consumption was | usage, will henceforth report data in | The new furnace has a production ca- 

due mainly to the continued strong | kilograms and metric tons unless oth- | pacity of 10,000 tons per year of anti- 

market for antimony trioxide in flame- | erwise noted. mony oxide compared to about 6,000 

retardant applications. The develop- tons per year for the old furnace. Am- 

ment of high-technology applications spec did not plan to operate both fur- 

for antimony continued in 1989. PRODUCTION naces simultaneously at full capacity; 

, OO eee Ss instead, the old furnace may be used as 

a . . a backup or to make certain specialty 

LEGISLATION AND Mine Production oxides. ' 
GOVERNMENT PROGRAMS Sunshine Mining Co. produced anti- The producers of primary antimony 

ee | d mony as a byproduct of the treatment | metal and oxide products were ASARCO | 

On December 22, 1989, the US. 

Department of State reviewed the list of TABLE 1 

minerals certified on January 7, 1987, 

according to section 303(a)(2) of the _ SALIENT ANTIMONY STATISTICS | 

vO Bene cane aw Ppartneeae . ot (Metric tons of antimony content unless otherwise specified) 

view, antimony was retained among the | ———-H 27H Tee eeFeshEooorrrrrr  CQ 

revised certified list of strategic miner- 88S 9861987 NB 1989 

als now imported from the Republic of | United States; 
South Africa, which are essential for Production: 
the economy or defense of the United Primary: | 

States and are unavailable from other Mine (recoverable antimony) W W — WwW | WwW 

reliable and secure suppliers. Smelter 14,922 16,309 18,796 "17,616 18,954 

Secondary 13,635 14,081 15,833 16,172 18,249 

TS Exports of metal, alloys, waste and 

STRATEGIC scrap 328 540 795 624 293 

CONSIDERATIONS Exports of antimony oxide 803 526 705 1,227 1,850 

TT Imports for consumption 18,773 23,043 24,248 30,027 25,165 

Antimony was included in the Na- Seeetary antimony ronsumenem 10,611 9,935 10,374  * 12,067 13,424 
tional Defense Stockpile (NDS) because Stocks: Primary antimony, all 
of its strategic uses in flame-retardant classes, Dec. 31 5,479 5,562 6,154 "6,498 6,268 

compounds, camouflage paint, ammuni- Price: Average, cents per pound’ 131.1 121.9 110.6 103.9 94.3 

tion components, friction bearings, and | World: Mine production 55,824 60,015 69,857 "67,992 °68,362 
batteries. €Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

The Government stockpile goal for | 'New York dealer price for 99.5% to 99.6% metal, c.i.f. U.S. ports. 
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TABLE 2 | optical glass. The largest end use for 
PRIMARY ANTIMONY PRODUCED OR GENERATED antimony compounds was in flame 

IN THE UNITED STATES retardants. 
(Metric tons of antimony content) 

| PRICES 
Class of material produced or generated I Year ee Total 

Metal Oxide Residues . 1985 s*~=«iRSSSSS*~<“~*~‘~*~*~«sS*SCSC“‘“‘CSNSC;™;™;*;*~‘<; SSS 9 The New York dealer metal price, 
1986. ~<343”~CS~*~CS*S*S«~MS Bde. 309 published by Metals Week, started the | . 
1987 OW 8B TT 086 year ranging from $1.00 to $1.03 per 
Tm") und, held steady until early March, 

B88 WSO 8G 17,616 | and decreased to a range of $0.95 to 
89 OW 17200284 «*8,954 | $0.99 per pound by mid-May. In June, 
"Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” | during the height of the political Crisis 

in China, the antimony price range 
- | firmed back to what it was at the 

_— beginning of the year. However, ship- 
Incorporated, Omaha, NE; Amspec ments from China were not inter- | — 
Chemical Corp., Gloucester City, NJ; CONSUMPTION AND USES | rupted, and stocks in warehouses were 
Anzon America, Laredo, TX; Laurel. In- : plentiful. By mid-July, the price range 
dustries Inc., La Porte, TX;. Sunshine Increased reported domestic consump- | slipped to $0.95 to $1.00 per pound, 
Mining Co., Kellogg, ID; and U.S. Anti- | tion of primary antimony, compared | and at the end of December was $0.81 
mony Corp., Thompson Falls, MT. with that of 1988, reflected the continued | to $0.84. 

strong market for fire-resistant textiles Asarco’s published price for high- 
Secondary.—Old_ scrap, predomi- | and plastics. Lead-antimony alloys were | tint antimony trioxide in lots of 40,000 

nantly lead battery plates, was the | used in starting-lighting-ignition (SLI) | pounds was $1.43 per pound at the 
source of most of the secondary anti- | batteries, ammunition, corrosion resis- beginning of the year, and remained | 
mony output. New scrap, mostly in the | tant pumps and pipes, tank linings, roof- | constant for the rest of 1989. Other 
form of drosses and residues from var- | ing sheets, solder, cable sheaths, and | domestic producers adjusted their 
lous sources, supplied the remainder. | antifriction bearings. In 1989, the Bat- prices to about the same level to remain 
The antimony content of scrap was | tery Council International reported a | competitive. | 
usually recovered and consumed as an- | 1.5% increase in the total shipments of European price quotations for anti- 
timonial lead. | replacement automotive SLI batteries in | mony ore and concentrates, published 

the United States compared with those of | by the Metal Bulletin (London), held 
1988. steady during the first 4 months of the 
Antimony compounds were used in | year, and followed a downward trend 

TABLE 3 plastics both as stabilizers and as flame | for the rest of 1989. At yearend, the 
. retardants. Antimony trioxide in an | published price-range quotations were 

SECONDARY ANTIMONY organic solvent was used to make tex- | as follows: clean sulfide concentrates, 
PRODUCED IN THE UNITED tiles, plastics, and other combustibles | 60% antimony content, $15.50 to 
STATES, BY KIND OF SCRAP flame retardant. Antimony was used as | $18.50 per metric-ton unit; and lump 
AND FORM OF RECOVERY a decolorizing and refining agent in | sulfide ore, 60% antimony content, 

, , some forms of glass, such as special | $16.50 to $19.00 per metric-ton unit. (Metric tons of antimony content unless 
otherwise specified) : 

1988 1989 TABLE 4 
KIND OF SCRAP REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY ANTIMONY 

New scrap: Lead- and IN THE UNITED STATES 
tin-base 1,115 1,265 

Old scrap: Lead-and | (Metric tons of antimony content) 

tin-base 15,057 16,984 
Total 16.172 18.249 Class of material consumed 

| OV ar ee Total 
FORM OF RECOVERY Metal Oxide Sulfide Residues 

In antimonial lead 15,634 17,658 | 1985 1,363 9,120 30 98 10,611 
In other lead- and tin-base 1986 2,211 7,629 27 68 9,935 
alloys 538 591 | 1987 2,248 8,049 39 38 10,374 
Total 16,172 = 18,249 | 1988 2,121 "9,438 42 "466 "12,067 
Value (millions) "$37 $38 | 1989 2,523 10,640 27 234 13,424 

' Revised. Revised. SSS 
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TABLE 5 | TABLE7 

~ REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY ANTIMONY ANTIMONY PRICE RANGES 

IN THE UNITED STATES, BY PRODUCT IN 1989, BY TYPE 

(Metric tons of antimony content) a 
Type Price per pound 

Product 1985 1986 1987 1988 19gq_ | Domesticmetalt «S200 
Metal p oducts SS — ae Foreign metal? $0.84- 1.03 

Ammunition 372 W WwW W 521 Antimony tines trioxide* 1.43 

Antimonial lead 515 551 1,102 1,538 1,872 | 2pancpaid delivers a eck 

Bearing metal and bearings 161 139 187 178 - 429 | 3Pproducer price, published by ASARCO Incorporated, for high- 

Cable covering W 62 WwW W W tint antimony trioxide. 

Castings 10 11 8 13 8 

Collapsible tubes and foil W WwW W — a a | 

Sheet and pipe | Ww 36 76 181 157 FOREIGN TRADE 

Solder 305 252 347 256 245 

_Typemetal 28 8 8 6 4 Exports of antimony oxide were 

Other 95 _ 379 584 ‘609 80 | about 51% higher than the previous 

Total ! 1,486 1,438 2,313 2,781 3,016 | year. Total imports of antimony mate- 

Nonmetal products: oO — _ — ——_ | rjals decreased about 16% from those 

Ammunition primers 24 21 32 34 20 of 1988. China supplied about 60% of 

Ceramics and glass 1,077 932 1,122 1,221 1,050 | the total imported materials in 1989. 

| Fireworks 4 4 3 4 5 

Pigments 133 227 279 179 196 | ———— _ 

Plastics 905 885 750 916 1,141 | WORLD REVIEW 

Rubber products 23 37 W 29 97 

Other 128 _147 200 147 159 | Capacity 

Total ' 2,294 2,252 2,385 2,530 2,668 The data in table 12 represent rated 

-| Flame-retardant: — a ae oO ~ | annual production capacity for mines 

Adhesives 281 154 315 251 219 | and refineries on December 31, 1989. 

Paper 101 1 Ww Ww w | Rated capacity was defined as the max- 

Pigments sts 7 13 30 104 926 | imum quantity that could be produced 

Plastics SOt=<is=sti‘i—s—s—ststSSC«SS ONG 4,517 4,139 5,469 5,842 | On a normally sustainable long-term 

“Rubber 286 398 386 389 174 operating rate, based on the physical 

Textiles tO 1.140 1163 300 643 558 equipment of the plant and routine 

oO ~ , operating procedures for labor, energy, 

Other __ 9 ___! __2! | materials, and maintenance. Capacity 

_ Total BI 6,246 3,675 __ 6,756 _7,740 | included both operating plants and 

Grand total! 10,611 9,935 10,374 12,067 13,424 | plants temporarily closed that, in the 

"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” judgment of the author, could be 

' Data may not add to totals shown because of independent rounding. brou ght into pro duction within a short 

period of time with minimum capital 

| expenditure. | 

TABLE 6 Mines and refineries rated capacity 

of antimony was estimated based on 

INDUSTRY STOCKS OF PRIMARY ANTIMONY discussions with some officials from 

IN THE UNITED STATES, DECEMBER 31 private industry, past and present pro- 

(Metric tons of antimony content) duction rate, and published capacity 

data. 

a 
Stocks 1985 1986 1987 1988" 1989 | Bolivia 

Metal 732 868 822 2,360 1,873 On January 7, 1989, antimony pro- 

Ore and concentrate 1,056 934 1,148 WwW W | ducers from Bolivia and China signed 

Oxide 3,587 3,646 4,079 3,840 4,077 | an agreement with the intent of coordi- 

Residues 90 96 83 274 302 | nating their policies on antimony pro- 

Sulfide 15 17 23 24 16 | duction and trade. The representatives 

Tol! —Ststé<Ctsti‘:;SCSC;*S;«*ANT 5,562 6,154 6,498 6,268 | agreed to introduce a joint quarterly 

"Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” . producer price for concentrate (60% 

' Data may not add to totals shown because of independent rounding. antimony), which is being published in 
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, : TABLE 8 submission of an annual progress report 
U.S. EXPORTS OF ANTIMONY METAL, ALLOYS, to Congress on the program. In February WASTE AND SCRAP, BY COUNTRY 1989, the 12th annual report to Congress 

for fiscal year 1988 was published by the 
ggg US. Department of Energy (DOE). The 

Country Gross weight Value Gross weight Value report contained a description of the 

(metric tons) (thousands) (metric tons) (thousands) program activities during 1988 on battery Belgium Og | and propulsion systems developed, a list Belgium 96 $513 38 $45 f d uni t rticipant Canada 30 306 7 53 of company and university participants 
ee in electric and hybrid vehicle research Colombia — — 33 101 and development, and concluded with a Dominican Republic 45 14 — — list of publications resulting from the Germany, Federal Republic of 9 49 1 15 DOE program.’ 

Israel 16 117 — — 
Jamaica , — — 19 23 ee 
Japan 15 17 44 102 OUTLOOK 
Korea, Republic of 34 59 — — NN 
Mexico 132 248 10 29 _ oo Netherlands SOO 56 91 \ 5 . Mining, beneficiation, and metallur- 
Taiwan 5 31 _ _ gical procedures for antimony have 
United Kingdom 4 N 56 91 changed little in the last three decades. 

2p No new major technological develop- Venezuela 15 214 1” 197 ments that would affect productivity 
Other 49 153 6 32 are foreseen for the near future. Total! 624 1,793 293 694 The oversupply of antimony prod- 

‘Data may not add to totals shown because of independent rounding. | ucts from China that saturated the mar- 
Source: Bureau of the Census. 

ket in 1989 could not be absorbed by 

the lower domestic and rather flat 
the Metal Bulletin of London, United ly from imported materials, was 10,327 | world demand. Therefore, producers 

: Kingdom.” | tons, a decrease of 3% compared with | were forced to lower prices significantly 
In November, Empresa Nacional de | 1988 production. Antimony metal pro- | in order to preserve their share of the 

Fundiciones (ENAF), the state-owned | duction also decreased from 185 tonsin | world market. The market weakness 
smelting and refining company, re- | 1988 to 173 tons in 1989.° will probably continue through 1990 
sumed production at its Vinto anti- and 1991, unless the Chinese policy of 
mony smelter after being closed for | eee offering discounts from the world mar- 
more than 5 years. The 4,000-ton-per- | CURRENT RESEARCH ket price changes. 
year Empresa Metalurgica de Vinto | ———----2—-________-- The prospects for western antimony 
smelter never operated at full capacity trioxide producers, for the next 2 years, 
since its completion in December 1975. Scientists at Boeing High Technol- | are not good. China has increased its 
ENAF officials did not provide infor- | ogy Center, Seattle, WA, achieved a | antimony trioxide output and sales, 
mation on anticipated production | significant advancement in solar cell | and supplied 42% of the total U.S. 
output.? efficiency using a two-layer cell system. | trioxide imports for 1989 compared 

The top layer in the new solar cell was | with 32% the year before. 
Canada | composed of a standard gallium arse- Industry sources indicate that the 

In December 1989, Dominion Ex- | nide (GaAs) cell, and gallium antimo- projected growth of antimony trioxide 
plorers Ltd., closed its antimony mine | nide (GaSb) was the material used as | demand for the next 2 years will be in 
and milling operations at Lake George, | the secondary cell. Boeing’s solar cell | the range of 2% to 4% per year. But the 
New Brunswick. The mine closed once | converts more than 31% of available | demand for antimony metal, during the 
before in 1981 when proven ore reserves | solar energy to electricity. The previ- | same period, will continue declining 
were exhausted, but reopened in 1984 | ously verified record was about 22% set | and may do so at a rate of about 2% 
when a new zone of antimony-bearing | by Variant Associates Inc., using a | per year through 1991. 
ore was discovered near the existing | standard GaAs solar cell.® 
mine. However, there were not enough Following the energy crisis of 1973, | ee 
proven ore reserves to justify reopening | Congress passed Public Law 94-413, BACKGROUND 
mining operations. The closure was at- | the Electric and Hybrid Vehicle Re- | —————————_________ 
tributed to continuing low metal prices | search, Development and Demonstra- 
and two consecutive years of revenue | tion Act of 1976. This Act supported The natural sulfide of antimony, 
losses.* research and development of electric | stibnite, was known and used in Bibli- 

and hybrid vehicles, required an organ- | cal times as medicine and as a cosmetic 
Japan izational entity to conduct the manage- | for eyebrow painting. A vase found at 

Antimony trioxide production, main- | ment responsibilities, and established the Tello, Chaldea, reportedly cast in me- 
116 ANTIMONY MINERALS YEARBOOK— 1989



ap rg eS I A TT 

tallic antimony indicates that about | and the following impurity maximums: of the antimony compounds, is used in 

4000 B.C., the Chaldeans knew the art | arsenic 0.05%, sulfur 0.10%, lead | flame-retarding formulations for many 

of reducing the sulfide to metal. 0.15%, and other elements (copper, | materials. Most commercial grades of 

iron, nickel, silver, and tin) 0.05% | antimony trioxide contain between 

Definition, Grades, and Specifications | each. Grade B material is composed of | 99.2% and 99.5% antimony trioxide 

Antimony is seldom found in nature | 99.5% antimony as a minimum with with varying amounts of impurities 

as native metal because of its strong | maximum impurity levels of 0.1% ar- | such as arsenic, iron, and lead. Com- 

affinity for sulfur and the metallic ele- | senic, 0.1% sulfur, 0.2% lead, and | mercial suppliers offer various grades 

ments such as copper, lead, and silver. | 0.1% each of other elements. of antimony trioxide based on the rel- 

Antimony in its elemental form is a Chemical-grade ore is that which is | ative tinting strength of their product, 

silvery white, brittle, crystalline solid | sufficiently pure to.be used directly in | which is related to average particle size. 

that exhibits poor electrical and heat | producing the oxide, chloride, or other | In general, the tinting strength in- 

conductivity properties. industrial chemical compounds. For | creases as the particle size decreases. 

The National Stockpile Purchase | chemical-grade sulfide ore, total impu- 

Specification P-2a-R4, June 10, 1980, | rities, including arsenic and lead, must Industry Structure 

covered two grades of refined antimony | not exceed 0.25% and no single metal- Antimony was produced from ores 

metal in ingot form. Grade A has a | lic impurity can exceed 0.1%. and as a byproduct of the smelting of 

minimum antimony content of 99.8% Antimony oxide, the most important | base metals ores in about 23 countries. 

China, the world’s leading producer, 

; | has a marketing advantage because its 

TABLE 9 facilities are Government owned. The 

U.S. EXPORTS OF ANTIMONY OXIDE, BY COUNTRY other major producing countries, Bo- 
livia, Mexico, the Republic of South 

—  ee*«* Africa, the U.S.S.R., plus China, ac- 

Grp Gg counted for about 84% of the total 

Country weight Antimony Value weight Antimony Value | world estimated mine production dur- 

(metric content (thou- (metric content (thou- ing 1989. 

tons) “metric tons) — sands) tong) (metric tons) _ sands) Mine production in the United States 

Australia 19 15 $64 2 2 $3 | during the last decade supplied less 

Belgium 12 10 A] 14 12 70 | than 5% of the yearly domestic de- 

Balt _ _ 9 7 44 | mand. The remainder was furnished by 

Canadat—<CSststi‘isSsC«S BG 406 1,553 505 419 1,564 imported materials and old scrap. Be- 

China 9 ; 41 - _ __ | cause of its association with lead, sec- 

Colombia. _ _ _ Al 34 94 ondary antimony has only met about 

50% of the total domestic industrial 

CostaRica 28 24 37 — — — | demand. However, this percentage has 

Dominican Republic _ — — — iil 92 90 | decreased in recent years owing to a 

France — — — 109 90 161 | decreasing average antimony content of 

Germany, Federal : | the scrap lead source material (automo- 

Republicof I 100 422 68 56 276 | tive batteries). 
Hong Kong . 59 49 85 3 2 9 Antimony metal and oxide producers 

| India 4 3 16 10 8 23 | in the United States are forward inte- 

Ireland 24 20 74 — — — | grated companies with a wide scope of 

Israel — — — 58 48 154 | activity in the marketing and manufac- 

Italy 148 122 559 294 244 1,042 | turing of base metals and chemicals. A 

Japan tw 5] 42 a1 5] 42 599 | few producers and processors of anti- 

Korea, Republic of 91 15 236 il 9 27 | Mony have interests in foreign opera- 

Mexico. 0 15 58 637 529 1,218 tions. Essentially all are purchasers of 

Nethealads ig 15 39 39 34 149 | TOW materials from mine operations 

— either directly or through dealers. 
Singapore 22 18 76 28 23 246 

Spain 32 26 88 52 43 147 Geology-Resources 

Switzerland 21 17 78 18 15 56 Estimates of the abundance of anti- 

Taiwan 255 211 677 40 33 127 | mony in the Earth’s crust range from 

United Kingdom 30 24 126 39 32 150 | 0.2 to 0.5 parts per million. Antimony 

Venezuela 14 11 52 22 18 51 | is chalcophile, occurring with sulfur 

Other 19 15 92 16 63 1g5 | and the heavy metals, copper, lead, and 

“Tol? ~——S»*i2iATs“‘<=éi‘éd«OTSCO#*«‘“‘iK«SOZ:;*«‘i«SCt*“‘<«*‘«‘iiSNC*«iC «MOG silver. Over a hundred minerals of an- 

Tpaimaed byte BucauofMinssSOOC~CS~CS timony are found in nature. However, 

*Data may not add to totals shown because of independent rounding. stibnite (Sb,S3) is the predominant ore 

Source: Bureau of the Census. mineral of antimony. 
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. . 7 TABLE 10 . 

U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY, BY CLASS AND COUNTRY 

1988 1989 

Gross Antimon Gross Antimon 
Country weight content 4 | (houses ds) weight content 4 (thous, ds) 

(metric tons) (metric tons) — (metric tons) (metric tons) 
. Antimony ore and concentrate: 

Belgium 93 54 $97 —_— — — 
Bolivia 1,161 679 1,158 1,259 737 $1,823 
Chile | 55 24 29 | 60 | 47 102 
China 1,260 683 1,471 1,689 1,198 3,022 
Guatemala 767 461 255 1,108 665 286 
Honduras — — | — 6 | 3 21 
Hong Kong 72 45 130 448 290 674 
Japan — — — 38 38 67 
Mexico 3,797 1,353) 1,735 3,734 1,412 1,927 
South Africa, Republic of 269 161 231 — — — 
Thailand 568 268 437 269 161 540 
Total? 8,044 3,728 5,543 | 8,613 4,550 8,462 

Antimony oxide: | OS a — oO SO a 
Belgium : 788 655 2,327 779 . 647 2,367. 
Bolivia 546 454 1,060 729 605 1,371 
Canada 1 1 4 — — — 
Chile 84 70 173 — — — 
China | 3,697 3,068 7,770 5,091 4,226 9,752 
Colombia — — — 20 17 16 
Denmark — — — (?) (°°) 22 
France | 855 709 2,381 605 502 1,640 
Germany, Federal Republic of 170 141 1,238 89 74 855 
Honduras — — — 59 49 22 
Hong Kong 500 415 1,146 442 367 913 
Japan 2 2 26 20 17 76 
Mexico 474 394 508 929 771 1,076 
Netherlands 35 29 113 33 27 119 
South Africa, Republic of 3,931 3,262 . 2,823 ' 3,107 2,579 1,080 
Taiwan — — — 57 47 102 
United Kingdom | 98 82 437 80 66 358 
Yugoslavia | 368 306 158 — _ -_ 

Total? 11,549 9,586 20,164 12,041 | 9,994 19,770 
Antimony sulfide: + a a a CO OC a 
Austria — 26 17 128 — — — 
China 104 70 147 — — — 
Germany, Federal Republic of 20 14 93 — — _ 
United Kingdom 12 8 64 — — — 

Total 162 109 432 — — _ 
! Antimony ore and concentrate content reported by Bureau of the Census. Antimony oxide and antimony sulfide content estimated by the Bureau of Mines. 
Data may not add to totals shown because of independent rounding. . 
3 Less than 1/2 unit. 

“Includes needle or liquated. 

Source: Bureau of the Census. 
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TABLE 11 | _| mony ores are liquated. At some mines 

U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY METAL, in Bolivia and the Republic of South 
BY COUNTRY Africa, the high-grade sulfide ore 1s 

concentrated by hand-cobbing and sold 

| as lump sulfide ore, 60% antimony 
1988 1989 . . 

Countr or _____*"___________ | content. As higher grade deposits have 

y Quantity Value Quantity Value become depleted, increasing emphasis 
(metric tons) (thousands) (metric tons) (thousands) | . 

I _____——_ — | has been placed on upgrading these 
Belgium 15 $19 1 $4 . 

Bolivia 93 163 low-grade ores by flotation. 

PON — _ Roasting of the ore to yield a volatile 

Canada 2 131 2 133 | trioxide or the stable nonvolatile tetrox- 

Chile 76 wi 114 187 ide is the only pyrometallurgical proce- 

China 13,435 29,123 9,742 18,756 dure suitable for low-grade ores (5% to 

Germany, Federal 25% antimony content). The sulfur is 

Republic of 1 159 20 208 oxidized and removed from waste 

Hong Kong 1,464 3,230 286 485 gases, and the volatilized antimony ox- 

Mexico 1,039 842 81 31 ide is recovered in flues, condensing 

Netherlands 200 429 () 32 pipes, a baghouse, precipitators, or a 

Taiwan _ _ 13 104 combination of the above. The temper- 

Thailand — 275 569 419 396 ature and quantity of available oxygen 

United Kingdom 96 181 _ OO determine the kind and quantity of the 

| oT oxide produced. The oxide produced by 

Other —__3_ —__>!__ __ 4 this method is generally impure and can 5 | 
T= — an 16,004 34,837 10,621 21,145 be reduced to metal. However, careful 

ss than unit. 
oqe . e,e . 

2 Data do not add to total shown because of independent rounding. control of volatilization conditions will 

Source: Bureau of the Census. produce a high-grade oxide that can be 
sold directly to consumers. 

: Water-jacketed blast furnaces are 

Simple antimony deposits consist | Most of the antimony produced in the | used in several plants to reduce ores 

principally of stibnite, or rarely, native | United States is from complex deposits. | containing 25% to 40% antimony. Ox- : 

antimony in a siliceous gangue, com- | The tetrahedrite ores found in the | ides, sulfides or mixed ores, residues, 

monly with some pyrite, and in places a | Coeur d’Alene district of Idaho are | mattes, slags, and briquet fines or 

| little gold and small amounts of other | outstanding examples of complex | flue dusts can be used as blast furnace 

metal sulfides, principally silver and deposits.® charges. A high smelting column and 

mercury. Antimony ores commonly are Principal identified world antimony | comparatively low air pressure are 

associated with igneous activity and | resources, at about 5 million tons, are | used, and the slag and metal are sepa- 

have common genetic associations with | in China, Bolivia, the U.S.S.R., the 

such intrusives as granite, diorites, and | Republic of South Africa, and Mexico. 

monzonites. The mineralogy of the | United States resources are mainly in TABLE 12 

veins and their almost invariably shal- | Idaho, Nevada, Alaska, and Montana. WORLD ANNUAL ANTIMONY 

low depth suggest a low temperature of | PRODUCTION CAPACITY, 

formation at near-surface positions, | Technology “ : . DECEMBER 31, 1989 

possibly related to the configuration of Antimony deposits are seldom ex- | 

the water table at the time of deposi- | plored in advance of actual mining, be- (Metric tons, antimony content) 

tion. Most of these geologically simple |. cause the deposits are generally small, 

stibnite deposits do not individually | irregular, and difficult to appraise. Mine Smelter ' 

contain more than several thousand Many of the typically small mines | North and Central | 

tons of ore. Deposits of this type are | contain irregular and scattered ore bod- | America: 

found in the world’s most productive | ies that cannot be readily exploited by United States 3,000 28,000 

antimony districts including those of | large-scale mining methods. Mining Other 14,000 4,000 

Bolivia, China, Mexico, and the Re- | methods used in mines that recover Total 17,000 32,000 

public of South Africa. metalliferous ores, of which antimony | gouin America. t—«~<C*«*«i2:2*;« 00 11.500 

Complex antimony deposits consist | is a minor constituent, are designed for | [3 
ye . . . . . Europe 18,000 28,000 

of stibnite associated with pyrite, arse- | producing the principal metals such as | 7. ——______ 
. . . . Africa 20,000 6,000 

nopyrite, cinnabar or scheelite, or of | lead, silver, or gold. Rags gs. 000 35.000 

| antimony sulfosalts with varying | The antimony content of ores deter- Asia™ , 

amounts of copper, lead, and silver, as | mines the method of recovery. In gen- Oceania: Australia 3,000 

well as the common sulfides of these | eral, the lowest grades of sulfide ores World total 122,000 112,500 

metals and zinc. Ores of the complex | 5% to 25% antimony, are roasted; 25% pinchudes antimony oxice Plants. 1 : 

deposits generally are mined primarily | to 40% antimony ores are smelted ina | genomes. the U'S.S-R. and other centrally planne 

for gold, lead, silver, tungsten, or zinc. | blast furnace; and 45% to 60% anti- | includes estimates for China. 
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rated in the hearth. product of the secondary lead smelter. The antimony deposits of the Repub- 
Antimony sulfide can be separated | A blast furnace charge containing used | lic of South Africa contain gold. High- 

from the gangue of sulfide ores by | or discarded battery plates, type metal, | grade Bolivia antimony ores contain 
_ | melting in a reverberatory furnace. A | and bearing metal is reduced to a lead | variable and minor values of gold and 

reducing atmosphere is kept to prevent | bullion. The bullion is refined in rever- tungsten and objectionable amounts of 
, oxidation. The solidified product is | beratory furnaces and melting pots to | lead, copper, and arsenic in some 

called liquated or needle antimony, and | meet specifications. : deposits. Chinese ores contain some | 
may be used as sulfide or converted to tungsten. 
antimony metal by iron precipitation. | Byproducts and Coproducts 

Some complex ores can be treated by Most of the domestic primary anti- | Economic Factors 
leaching and electrowinning to recover | mony production is a byproduct or Antimony and antimony trioxide are 
the antimony. A typical process uses an | coproduct of mining, smelting, and | taxed under the new Superfund 
alkali hydroxide or sulfide as the solvent. | refining other metals and ores that con- | Amendments and Reauthorization Act 
The filtered leach solution containing | tain relatively small quantities of anti- | of 1986, Public Law 99-499. The taxes, 
sodium thioantimonate, Na,SbS,, iselec- | mony. In 1989, domestic production of | to be collected from producers and 
trolyzed in a diaphragm cell using an iron | antimony was mainly a byproduct of importers, were $4.90 per ton of anti- 
or lead anode and an iron or mild-steel | the treatment of tetrahedrite, a com- mony metal and $4.13 per ton of anti- 
cathode. The cathode metal obtained is | plex silver-copper-antimony sulfide mony trioxide. The taxes end on De- 
93% to 99% pure antimony.’ ore. An undisclosed amount of anti- | cember 31, 1991. 

Antimony metal is also produced as | mony was also recovered as a byproduct Antimony producers are granted a 
antimonial lead, which is an important | of the processing of lead ores. depletion allowance of 22% on domes- 

tic production and 14% on foreign 
| | production. 

TABLE 13 | Under the new Harmonized Tariff 
| 1 Schedule of the United States, which ANTIMONY: WORLD MINE PRODUCTION, BY COUNTRY took effect January 1, 1989, antimony 

(Metric tons) ore and concentrates imports from 
| both most favored nations (MFN) and 

-Gountry—st—=“‘é‘*é*”*”:C*NBS*S*«~dBSSS*~*«~“= UST ds8> logge non-MFN were duty free. Antimony 

Ausiaia® SRB *1200 1200 | and articles thereof, including. wast 
. 

> > 

Austra 477 >14 322 228 230 duty free for MFN. However, from 
Bolivia 8,925 10,243 10,635 9,943 7,100 | non-MEN a statutory duty of 4.4 cents Canada? 1,075 3,805 3,706 3,171 2,882 per kilogram was imposed. 
China‘ 15,000 15,000 27,000 30,000 30,000 

Czechoslovakia ® 900 ‘1,000 1,000 —‘1,000 1,000 | Operating Factors | 
Guatemala "1,239 "1,839 1,881, 921 1,000 Environmental and ecological prob- 
Honduras 87 "50 28 19 30 | lems associated with the treatment of 
Italy 495 643 _ 308 310 | antimony metal and ores are minimal 
Malaysia (Sarawak) 8 12 _ 129 _ __ | because emissions and effluents are 
Mexico* t=<CSti‘<CSstt 4,266 «3,337 2,839 2,185 2,500 controlled at the processing plant. 

Morocco (content of concentrate) _—=—s—“(tisSO~=S«IT:Ssi“(ti«ASSS5SS—=S«500.| | THE Major Conservation practice of UIT ann Sap NNN PPUEEEE Een | the antimony industry is the recycling Namibia (content of sodium antimonate) — — 32 98 110 . . Sn ee eR ect aa of the metal in used storage batteries, 
Pakistan 4 — 7 — ~ | type metal, and babbitt. Antimony 
Peru (recoverable) 594 °670 590 420 400 | metal and antimonial lead from inter- 
South Africa, Republic of (content mediate smelter products such as slags, 
of concentrate) 7,390 6,816 6,673 6,264 6,100 | drosses, flue dusts and residues gener- 
Spam 248 45 "20 "20 ‘20 / ated at copper and lead smelters are 
Thailand 1,240 1,019 409 445 500 | recovered at lead smelters. 
Turkey 982 "2,752 2,344 1,945 2,000 Energy requirements for the produc- 
U.S.S.R.° 9,400 9,500 9,600 9,600 9,600 ; tion of antimony metal and antimony 
United States > WwW Ww — Ww W | trioxide from stibnite ores are 163 mil- 
Yugoslavia 1,088 859 834 725 750 | lion British thermal unit (Btu) per net 
Zimbabwe (content of concentrate) 194 175 153 165 150 | ton of antimony metal and 186 million 
TotalsSt~<CSt(itst "55,824 60,015 69,857 67,992 68,362 | Btu per net ton on antimony trioxide. 

“Estimated. Preliminary. "Revised. _W Withheld 1 avoid disclosing company proprietary data; not incuded in “Tow” «| _ AM estimated 130 persons are em- 
' Antimony content of ore unless otherwise indicated. Table includes data available through May 16, 1990. ployed in the domestic production of 
; antimony content of antimony ore and concentrate, lead concentrates, and lead-zinc concentrates. antimony ores and in the conversion of 

‘Antimony content of ores for export nus antimony Pontent of antimonial lead and other smelter products produced. antimony ores and raw materials to 
° Production from antimony mines; excludes amount produced as a byproduct of domestic lead ores. antimony metal and compounds. 
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Aerospace and Electronic Systems. V. 4, No. 11, Nov. OTHER SOURCES OF INFORMATION 
‘Chemical Marketing Reporter. Amspec Project to 1989, pp. 3-8. . . 

Modernize Antimony Trioxide Capacity. V. 236, No. 4, 7 . . . oo. 
July 24, 1989, p. 7 US. Department of Energy. Electric and Hybrid Bureau of Mines Publications 

, oe Vehicle Program—12th Annual Report to Congress for . . . . 

*Metals Week. Producer Plan to Stabilize Antimony | Fiscal Year 1988. DOE/CE-0247, Feb. 1989, 37 pp. Antimony. Ch. in Mineral Commodity 

Market. V. 60, No. 4, Jan. 23, 1989, p. 3. 8Miller, M. H. Antimony. Ch. in United States Summaries, annual. 
| *Metal Bulletin. ENAF Restarts Vinto Antimony | Mineral Resources. U.S. Geol. Surv. Prof. Paper 820, Antimony. Ch. in Mineral Facts and 

Smelter No. 7436, Nov. 23, 1989, p. 11. 1973, pp. 45-50. Problems, 1985 ed. 
The Evening Time-Globe (St. John, N.B., Canada). ° Carapella, Jr., S.C. Antimony and Antimony Al- Oo h Ss 

Mine Closure Costs 85 Jobs. V. 12, Dec. 13, 1989, p. 2. | loys. Ch. in Encyclopedia of Chem. Technol. Kirk- ther ources 
> Japan Metal Journal. V. 20, No. 13, Mar. 26, 1990, | Othmer, 3d ed., v. 22, 1983, pp. 96-105. American Metal Market (daily paper). | 

pp. 2-3. | '° Battelle Columbus Laboratories. Energy Use Pat- Chemical Abstracts. 

°Fraas, L., J. Avery, V. Sundaram, V. Dinh, and T. | terns in Metallurgical and Nonmetallic Mineral Process- Engineering and Mining Journal. 
Davenport. Tandem Solar Cells With 32 "% (AMO) and | ing (Phase 6-Energy Data and Flowsheet, Low-Priority Mining Journal (London). 
37% (AMI.5D) Energy Conversion Efficiencies. IEEE | Commodities) (contract 0144093). BuMines OFR Roskill Inf tion Services Ltd 

117(1)-76, 1976, pp. 8-14; NTIS PB 261150/AS. OSKIN AMOTMAUON Services " 
Antimony 1987, 6th ed. 
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By J. Roger Loebenstein 

Mr. Loebenstein is a physical scientist with the Branch of Nonferrous Metals. He has covered arsenic for 3 years. Domestic 
_ survey data were prepared by Evangeline Hemphill, Nonferrous Metals Data Section. International data were prepared by Virginia 

Woodson, International Data Section. 

mall amounts of arsenic trioxide TABLE 1 

veining teecks ne CO men ARSENIC SUPPLY-DEMAND RELATIONSHIPS Metri 
porated’s closed plant at Tacoma, (Metric tons, arsenic content) 

WA. Shipments of arsenic metal from | = = ~~ ~<yora 4985 +~=«41086~SCS«GACORT~=~«=<C«<NT KRC*«“‘«aOQ'S 
1984 

China were halted at yearend and the price ee 

for metallurgical-grade arsenic metal in- | U:S-SupPly: 
creased from about 60 cents per pound in | —Refinery production 52001700 — — — — 
December to about $4.00 per pound in | _!mports, metal 300 400 400 600 600 900 
January 1990. Imports, compounds 12,000 13,600 20,200 21,100 21,700 22,800 

Industry stocks, Jan. 1 3,100 3,300 900 400 200 100 

_ Total 20,600 19,000 21,500 22,100 22,500 23,800 
ISSUES Distribution of U.S. supply: 

Industry stocks, Dec. 31 3,300 900 400 200 100 100 

The former Asarco plant at Tacoma, Apparent demand 17,300 18,100 21,100 21,900 22,400 23,700 

WA, was a Federal Superfund site | Estimated U.S. demand pattern: | 

designated for environmental cleanup. In | Agricultural chemicals 5,500 4,500 5,300 5,000 5,200 5,200 
addition, soil in residential areas in the Glass 1,000 700 800 900 900 900 

town of Ruston, adjacent ne former | “ndustrial chemicals ==S—S*~«é*«Is«12,100 14,100 15,100 15,500 16,600 

s remedy, Asaro proposed cleaning up two | —Nowemeualkys and deswonis 5004040) a0 70 
playgrounds near its closed plant and Other _ 40050 O_O 
creating a trust fund to be administered by _ Total 7,300 18,100 21,100 21,900 22,400 23,700 

the Tacoma-Pierce County Health Depart- 

a for eanep d Or iro industrial chemical sector, specifically the | NC, Gilmer, TX, and Laramie, WY. 
Pro tection Agency (EPA) continued to wood preservative industry, accounted for | Another company, Osmose Corp., produc- 
nesotiate on te exten t of Asarco’s cleanu about 70% of domestic demand. The wood | ed wood preservatives at plants in Mem- 
oft rts! P preservative industry converted imported | phis, TN, Tangent, OR, and Rock Hill, SC. 

EP A issued an emergency cleanup order arsenic trioxide to arsenic acid, an in- | Hickson, CSI, and Osmose accounted for 
requiring the former - d vorrent om ers of termediary used in the production of the | most of the arsenical wood preserving 

the Bunker Hill smelter in Kellogg, ID, to wood preservative, chromated copper | industry. 
clean up hazardous materials at the site arsenate (CCA). A zinc producer in Illinois used arsenic 

| The 3 50. acre designated Superfund site is The glass industry used arsenic acid as | trioxide as a flotation reagent to separate 
contaminated wi ~ hich ‘evels of arsenic | 2 fining agent. The wood preserving in- | zinc from copper, cobalt, and nickel. This 

and other hea petals as well as asbestos dustry supplied some of the arsenic acid | was the only zinc producer known to use 

and PCB’s The cleanup operation was to used by the glass industry. arsenic in its process. 

be supervised by EPA and carried out by dis FOO OD Feson OP awe 
contractors hired by the companies ted Ki hased th ; TABLE 2 
involved 2 Unit ngdom, purchas e wood 

preserve (Porat Koper AVERAGE ARSENIC 

SS c., Comey, - I adaition to tne Con- PRICE QUOTATIONS 

CONSUMPTION ley, GA, plant, Hickson operated wood (Cents per pound) 
__ | sopreservative plants in Hickory Grove, SC, 

Valparaiso, IN, and Kalama, WA. LaPorte |] ———————_____LL___—_—— 

All arsenic consumed in the United | PLC, United Kingdom, produced arsenical 198719881989 
States was derived from imported sources. | wood preservatives through its U.S. sub- | Trioxide, Mexican 36 33 27 
Apparent demand for arsenic continued to | sidiary, CSI. CSI operated wood preser- | Metal, Chinese 95 73 47 
increase in 1989, as shown in table 1. The vative plants at Valdosta, GA, Harrisburg, | source: Calculated from Bureau of the Census import data. 
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TABLE 3 

U.S. IMPORTS FOR CONSUMPTION OF ARSENICALS, 

BY CLASS AND COUNTRY 

1987 1988 1989 

Class and Country Quantity Value Quantity _ Value Quantity _ Value 
(metric tons) ~ (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Arsenic trioxide: | 

Belgium 1,643 $1,325 1,563 $1,241 1,425 $881 

Bolivia 16 10 — — — | —- 
Canada 2,012 703 2,068 1,589 1,771 799 

Chile . 4,800 1,935 6,709 2,648 5,057 1,926 

| China 233 136 18 8 — | — 
Finland — — — — 414 191 

France 5,341 3,180. 6,909 3,664 7,059 2,977 

Germany, Federal Republic of — —_— 16 13 17 28 

Hong Kong 36 | 18 «54 42 18 9 

Iran | | 241 87 —— — — — 

Japan 48 33 1 3 — — 

Korea, Republic of - 102 70 — — — — 

‘Mexico 4,457 3,550 4,187 3,064 4,008 2,361 

Namibia | 93 60 — — — — 

Philippines 1,280 436 1,850 792 2,727 979 

South Africa, Republic of 1,380 848 1,017 559 | 94 53 

Sweden - 4,824 4,140 3,664 2,836 5,676 3,262 

Switzerland 307 248 — — 77 50 

United Kingdom 30 22 (4) 2 | 5 10 

Arsenic acid: . oo a 

Australia 16 28 — — — — 

British Virgin Islands — — 7 9 — — 

Canada — — — — 15 17 

| Netherlands — — (7) 1 — — 

United Kingdom 1,038 824 181 161 33 50 

nO ai Te 
Arsenic sulfide: oe oO oO oo 

Canada — — 12 2 — — 

Germany, Federal Republic of 15 10 15 29 _ — 

Taiwan — — — — | 2 19 

a “3 0 
Arsenic metal: a a a 

Belgium 2 18 — — — — 

Canada 16 1,054 19 899 85 658 

China 463 972 421 675 627 649 

Dominica Republic (*') 1 — — — — 

France — — — — 1 1 

Germany, Federal Republic of 2 174 1 162 3 136 

Hong Kong 139 291 75 139 124 129 

| Japan 9 951 5 613 74 508 
Mexico — — 78 137 — — 

Sweden (*) 1 — — — — 

United Kingdom (*) 8 (*) 17 14 69 

Total? 631 3,471 600 2,642 928 2,150 
1Less than 1/2 unit. 

?Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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The major agricultural chemical use for | metric tons; France, 10,000 metric tons; | Cashman Process to convert arsenic con- 
arsenic was as arsenical herbicides, | and the U.S.S.R., 10,000 metric tons. | tained in flue dusts to an insoluble form. 

monosodium methanearsenate (MSMA) | Arsenic metal, which accounts for only 3% | The Cashman Process was developed by 

and disodium methanearsenate (DSMA). | of world demand for arsenic, was produc- | Artech Recovery Systems Inc., Redmond, 

Arsenic acid was used as a cotton leaf | ed by the reduction of arsenic trioxide. | WA. The Hazen testing program 

desiccant. The major producer of DSMA | Commercial-grade arsenic. metal, 99% | demonstrated that the process could be 

and MSMA was Fermenta ASC Corp., | pure, which accounted for the majority of | operated successfully on a continuous 

Mentor, OH. Atochem Corp., Bryan, TX, | arsenic metal production, was produced | basis. Artech hoped that ARCO Coal Co., 

was the major producer of arsenic acid for | only in China. High-purity arsenic, 99.99% | owner of the flue dusts, would select its : 

use by cotton growers and wood preser- | pure or greater, for use in the semiconduc- | technology to construct a commercial plant 

vative companies. tor industry was produced by about 10 com- | at Anaconda, MT, the site of a former 

Commercial grade arsenic metal, 99% | panies. Furukawa Electric Co. Ltd. in | Anaconda Co. copper smelter. In the 

pure, was used in lead- and copper-based | Japan and Preussag AG in the Federal | Cashman Process, arsenic is converted in- 

alloys as a minor additive (about 0.01% to | Republic of Germany were believed to be | to an insoluble residue that meets EPA's 
0.5%) to increase strength in the posts and | the world’s largest producers, with reported | standards for safe disposal° 

grids of lead-acid storage batteries and to | capacities of 30 and 15 metric tons per year, 

improve the corrosion resistance and ten- | respectively. Other high-purity arsenic pro- | 7 
sile strength in copper alloys. ducers included: Johnson Matthey Elec- OUTLOOK | 

Relatively small quantities of high-purity | tronics, in Canada; Mitsubishi Metal Corp. | 

arsenic metal, 99.99% pure or greater, and Rasa Industries Ltd., in Japan; and The major market for arsenic is its use 

were used in electronics. Arsenic metal was | Johnson Matthey Ltd. and MCP Electronic | in wood preservatives. The future for 

used in gallium arsenide for a variety of | Materials Ltd., in the United Kingdom. | arsenic consumption is therefore tied to 

clectronie one and in selenium: fase new housing starts, where wood decks con- 

xerograpny. jum arsenide crystals are taining arsenical preservatives have become 

grown in a highly controlled process that CURRENT RESEARCH almost standard items in recent years. Peo- 
eventually results in gallium arsenide ple adding decks to existing houses also use 

cylinders, generally from 2 to 4 inches in | Hazen Research Corp., Golden, CO, | treated wood. Over the next 5 years, the 
diameter. The cylinders are doped, sawed | completed pilot plant testing of the | growth of wood preservatives is expected 
into wafers, and polished to create semicon- 
ductor devices, used in optoelectronic 
devices? TABLE 4 

ARSENIC TRIOXIDE:’ WORLD PRODUCTION, BY COUNTRY’ 
PRICES (Metric tons) 

Country? 1985 1986 1987 1988? 1989° 

The average price for arsenic trioxide, | Belgium’ 3,000 3,000 3,500 3,500 3,500 

imported from Mexico, declined slightly in | Bolivia 361 241 132 191 350 

1989. The average price of arsenic metal, | Canada® 3,000 3,000 2,000 2,000 2,000 

imported from China, declined sharply in | Chie = ©~=« °4,000 ©4000 3,616 3,207 3,400 

1989 to 47 cents per pound. However, in | Fiance’ ti<“‘i‘S™S~*~*~*~*~:~~™ 8.000 10,000 10,000 10,000 10,000 

December 1989, Chinese producers stop- | Gernany, Federal Republic of 360 360 360 360 360 
ped delivering arsenic metal to lead | —.—W————— 

. . . Japan 500 500 500 500 500 
alloyers, causing the intermerchant price of | ———____—_ 

arsenic metal to rise from 60 cents per | Mexico 4782 9,319 9,304 9,104 5,100 
pound to $1.50 per pound in 1 week.* By Namibiat 2,471 2,208 1,864 2,983 2,900 

January 1990, the price of arsenic metal had | Perv’ 1,257 1,273 1,757 828 1,000 
soared to $4.00 per pound because of the | Philippines’ 5,000 5,000 5,000 5,000 5,000 

halt in shipments. China is the only coun- | Portugal 204 176 218 214 180 

try in the world that produces arsenic metal | Sweden® ° 10,000 10,000 ~ 10,000 10,000 10,000 

for use in nonferrous alloys. U.S.S.R.° 8,100 8,100 8,100 8,100 8,100 
United States 2,200 — — — (*) 

“WORLD REVIEW Total ____ "53,235 "53,173 52,351 52,047 52,390 

Estimated. Preliminary. “Revised. 
‘Including calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than arsenic trioxide where 

inclusion of such materials would not duplicate reported arsenic trioxide production. 

Arsenic was recovered as arsenic triox- | ?Table includes data available through May 25, 1990. . a 

ide in about 20 countries from the smelting | (At. itt Ce a a ee oman snes re eee 
or roasting of nonferrous metal ores or con- | of output levels, if any. 
centrates. Annual arsenic trioxide refinery | ‘Output of Tsumeb Corp. Lid. only. . a a 

production capacities for the three leading | ‘vm of Emma Minen dl Ca cc eee wean cel 
countries were as follows: Sweden, 11,000 | 7Reported figure. 
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to average 3% to 5% per year, much less Gallium arsenide components have long | Cleanup of Bunker Hill Imminent. Spokane Spokesman- 
than previous years. No major environmen- | competed with silicon components in elec- | Review. Nov. 7, 1989. | 
tal problems associated with the use of | tronic applications. Gallium arsenide com- | _ “H°nd¢rson: B. W. Harris Unit Develops Advanced GaAs | — 

. . . eae Facility to Supply MMIC’s to Military. Aviation Week & 
arsenicals in wood preservatives are an- | ponents are faster, but silicon components | guace Tech. April 24, 1989, pp. 101-103, 
ticipated because of the small amounts of | are cheaper. Advances in computer 4Metals Week. V. 60, No. 52, Dec. 25, 1989, p. 3. 

arsenic used, and the fact that arsenic does | technology have led to the move from linear |  *Skillings Mining Review. Artech’s Process Technology for 
not leach from treated wood. to parallel arrangement of processors, thus | Teatment of Flue Dust. V. 78, No. 48, Dec. 2, 1989, p. 3. 

The use of arsenic in agricultural | minimizing the relative slowness of silicon. but te reo, Cheon Feb, 1989, 63 
chemicals has been under close scrutiny by | For this reason, it is unlikely that gallium 
the Environmental Protection Agency | arsenide will replace silicon in most elec- 
(EPA) for many years. Many pesticide uses | tronic applications, despite growth in OTHER SOURCES OF INFORMATION 
for arsenical chemicals have been banned | gallium arsenide production capacity® Bureau of Mines Publications 
by EPA. The use of arsenicals, DSMA, Arsenic. Ch. in Mineral Facts and Problems, 
MSMaA, arsenic acid, and cacodylic acid, 1985. 
on cotton is expected to remain stable or 1EPA Worker: Cleanup Plan In Bad Faith. Spokane Gallium in 1989. Mineral Industry Surveys, 
decline over the next 5 years. Spokesman-Review. Aug. 25, 1989. Annual Review. 
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By Robert L. Virta 

Mr. Virta, a physical scientist with 14 years Bureau of Mines experience, has been the commodity specialist for asbestos 

since 1986. Domestic survey data were prepared by Michael McTootle, mineral data assistant; and international data tables 

were prepared by Harold Willis, international data coordinator. 

he most noteworthy event DOMESTIC DATA ing and roofing felt, pipeline wrap, 

within the industry was the asbestos-cement corrugated and _ flat 

enactment of a regulation by COVERAGE sheet, vinyl asbestos floor tile, and asbes- 

the Environmental Protection tos clothing. The second stage, effective 

Agency (EPA), after 3 years of review, Domestic production data for asbes- | August 25, 1993, bans asbestos-contain- 

that phases out the use of asbestos in | tos are developed by the Bureau of | ing gaskets, transmission components, 

most products by 1997. Health and lia- | Mines by means of a voluntary industry | and original equipment drum and disk 

bility issues also continued to adversely | survey. Of the two canvassed opera- | brake components. The third stage, ef- 

affect the industry. The number of firms | tions to which a survey request was | fective August 26, 1996, bans asbestos- 

that produce asbestos-containing prod- | sent, both responded, representing | cement pipe, commercial and corrugated 

ucts declined dramatically in the past few | 100% of the total production data asbestos paper, roll board and mill 

years in response to these issues. Domes- | shown in table 1. board, asbestos-cement shingle, asbestos- 

tic asbestos consumption decreased 22% containing roof and non-roof coatings, 

from that of 1988, continuing a 16-year | __CSCSCSCCCS.sérakee blocks, and after-market drum and 

decline from 800,962 tons in 1973 to | LEGISLATION AND disk brake components. The sale and 

55,306 tons in 1989. Only two companies | GOVERNMENT PROGRAMS distribution of asbestos-containing prod- 

in California and Vermont mined asbes- | ——— | ucts, product labeling, exemptions from 

tos in the United States. Approximately the ban, and record keeping are covered 

97% of the asbestos consumed in the EPA issued a final rule banning the | by provisions in the regulation.'! The 

United States was imported from Can- | manufacture, importation, processing, | Asbestos Information Association of 

ada. Domestically, asbestos was con- | and distribution of most asbestos- | North America, Asbestos-Cement Pipe 

sumed in roofing products, 34%; fric- | containing products on July 12, 1989. | Producers Association, the Asbestos In- 

tion products, 23%; asbestos-cement | The ban will be implemented in three | stitute, and several other organizations 

pipe, 15%; packing and gaskets, 8%; | stages. The first stage, effective August | have petitioned the courts to review the 

and other, 20%. 27, 1990, bans asbestos-containing floor- | EPA ban. 

TABLE 1 

SALIENT ASBESTOS STATISTICS 

a 
1985 1986 1987 | 1988 1989 

United States: | 

Production (sales): 

Quantity metric tons 57,457 51,437 50,600 18,233 17,427 

Value! thousands $20,485 $17,367 $17,198 WwW WwW 

Exports and reexports (unmanufactured): 

Quantity metric tons 45,656 47,281 60,084 31,544 27,004 

Value thousands $16,489 $14,520 $16,149 $8,468 $7,690 

Exports and reexports of asbestos products: 

Value do. $193,765 $163,896 $180,602 $194,858 $153,081 

Imports for consumption (unmanufactured): 

Quantity metric tons 142,431 108,352 93,763 85,326 55,306 

Value thousands $44,093 $26,537 $22,022 $21,528 $14,031 

Consumption, apparent? metric tons 162,000 119,627 84,279 71,354 © 55,306 

World: Production do. "4,248,988 "4,032,213 © 4,227,662 P 4,322,805 *4,325,487 

©Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

'F.o.b. mine. 

2 Production, plus imports, minus exports, plus adjustments in Government and industry stocks. 
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The Mine Safety and Health Admin- | TABLE 2 

istration issued proposed revisions to STOCKPILE GOALS AND GOVERNMENT INVENTORIES FOR 
its existing standards for air quality and ASBESTOS, DECEMBER 31 
chemical substances, including the low- 
ering of permissible exposure levels to | (Metric tons) 

, asbestos from 2.0 fibers per cubic cen- } , , , | 
timeter (f/cc) to 0.2 f/cc.* The Occu-. Stockpile Total inventories 
pational Safety and Health Adminis- goals 1987 1988 1989 
tration extended an administrative stay | Amosite 15,422 30,849 30,849 30,849 
through November 30, 1990, on the Chrysotile | 2,722 9,709 9,710 9,710 | 

regulation governing exposure to the | Gogaoite _ 33 33 | 33 
nonasbestiform varieties of actinolite, Toul 78,144, 40,591 40,592 40,592 
anthophyllite, and tremolite and con-_ |< —Y,__ YY | 
tinued to study the economic impact of Soures: Department of Defense. . 
the regulation on the mining and con- | 7 
struction industries.? 

EPA proposed changes in the na-'| Many of the asbestos-containing civilian | mercial varieties of asbestos. KCAC 
tional emission standard for hazardous | products that are used by the military will | operated a mine in a highly sheared 

| air pollutants. The proposed revisions | be eliminated because of the EPA- | serpentinite composed of matted short 
require daily monitoring of visible | mandated phaseout of asbestos. Because | fiber chrysotile and unfractured ser- 
emissions for milling, manufacturing, | of the trend toward lower asbestos con- | pentinite (also referred to as a mass 
and fabricating operations, weekly in- | sumption, the Department of Defense | fiber deposit). The ore was stripped 
spection of air-cleaning devices, and | has authorized the disposal of 6,155 tons | and wet processing was used to benefi- 
record keeping. Notification require- | of chrysotile, 15,427 tons of amosite, | ciate the fiber. VAG operated an open 
ments for demolitions and renovations | and 33 tons of crocidolite and is currently | pit mine in a serpentinite containing 

| are revised and record keeping is re- | considering the removal of these materi- | cross-fiber veins of chrysotile. Dry 
quired for asbestos waste disposal.* als from the stockpile of strategic and | milling was used to process the fiber. 

EPA proposed changes in the na- | critical minerals. While the California company pro- 
tional primary and secondary drinking duced only short fiber chrysotile, the 
water regulations. The proposal covers | ____ = CCC—CSCSCSOY~* Vermont company produced a wide 
30 organic chemicals and 8 inorganic | JSSUES range of chrysotile grades. 
chemicals, including asbestos. The pro- | ——-______—_ Domestic production decreased slight- 
posed maximum contaminant level | | ly in 1989. The two domestic producers 
goal for asbestos is 7 million fibers Environmental and liability issues | were able to maintain production levels 
(longer than 10 micrometers) per liter.° | continue to affect the asbestos industry. | despite the EPA ban and phaseout be- 

| EPA enacted a regulation that phases | cause export markets remained strong. 
a C*Fs« rt the use of asbestos in most prod- 
STRATEGIC ucts by 1997 because of concerns over | 
CONSIDERATIONS | the risks of low-level exposures. The |; CONSUMPTION AND USES 

| ——____— | regulation is controversial because it | ———_ 
assumes that there is no threshold level 

A wide variety of asbestos-containing | of exposure to asbestos beyond which Asbestos was used in a wide variety 
civilian products also have military appli- | there is no risk. Industry representa- | of products because of its high tensile 
cations. Examples include friction mate- | tives maintain that there are insufficient | strength, chemical and thermal stabil- 
rials (brakes and clutches), electrical and | data available to support this assump- | ity, high flexibility, low electrical con- 
thermal insulations, packings and gas- | tion, that environmental risks posed by | ductivity, and large surface area. Prod- 
kets, asbestos-reinforced plastics, etc. for | asbestos are far less than many of those | ucts made from asbestos were more 
use on military vehicles, ships, rockets, | encountered in everyday living, and | heat resistant (and often incombusti- 
missiles, and in military construction. | that stricter control of asbestos can | ble), more resistant to chemical attack 
During World War II and the Korean | reduce the risks even further. (particularly for alkalis), stronger (as- 
war, strict controls were placed on the bestos acted as a physical reinforcer), 

| export of asbestos because the United | __C—“‘C;CC#'T:sW@SS- CONAUCCtive (asbestos had a low 
States was dependent on foreign sources | PRODUCTION dielectric constant), more viscose (as- 
for about 90% of its requirements of all | ——_-------- | bestos stiffened compounds and coat- 
grades of asbestos. The United States ings), faster setting (asbestos hastened 
was totally dependent on foreign sources Asbestos was produced in the United | water drainage in asbestos-cement pipe 
for low-iron, spinning-grade chrysotile. | States by two companies, KCAC Inc., | production), and more cost efficient 
Since that time, equipment components | San Benito County, CA, and Vermont | than many nonasbestos products. 
have been redesigned, new products have | Asbestos Group Inc. (VAG), Orleans U.S. consumption of asbestos de- 
been introduced, and substitutes for as- | County, VT. Domestic production was | creased 22% in 1989. Approximately 
bestos are being used more frequently. | limited to chrysotile, one of six com- | 93% of the asbestos consumed domes- 
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| : TABLE 3 

U.S. ASBESTOS CONSUMPTION, BY END USE, GRADE, AND TYPE | 

(Thousand metric tons) 

a 
Chrysotile’ Cro- Total 

End use Grade Grade Grade Grade Grade Grade Total? Amo cido- Other? asbes- 

| 1 and 2 3 4 5 6 7 lite tos 

W988 as 0.4 — 7.6 5.1 5.4 46.4 65.0 —— 1.3 5.1 66.2 

1989: eee 

Asbestos-cement pipe — (°) 5.1 1.2 1.0 — 7.3 — 6 —_ 7.9 

Asbestos-cement sheet — — — — 1.6 1.4 3.0 — — — 3.0 

Coatings and compounds — — (°) —_ _ 4.3 4.3 — —_ = 4.3 

Flooring products — — — — — — — — — — — 

Friction products — — — 1.6 6 9.9 12.1 — — — 12.1 

Insulation: | | 

Electrical — — — — — — — — _— — — 

Thermal — — — — — — — — — — — 

Packing and gaskets — — 1 9 2 3.1 4.3 — — — 4.3 

Paper — — — — — 1.0 1.0 — — — 1.0 

Plastics — — — — — i) i) — — — i) 

Roofing products — — — — — 17.5 17.5 — — — 17.5 

Textiles 0.1 — — — — — 1 — — — wl 

Other LS OB Se eB 
Total? 1 1 5.7 3.8 3.4 38.3 51.5 () 6 3.2 52.1 

' Estimated distribution based upon data provided by the Asbestos Institute, Montreal, Canada, and the Bureau of Mines asbestos producer survey. 

?Data may not add to totals shown because of independent rounding. 

3 Source: Bureau of the Census. “Other” category contains unspecified fiber type and end use. 

4 Does not include “Amosite” and “Other” category in total. 

5 Less than 1/10 unit. 

tically was chrysotile, 1% was crocido- | technical difficulties were considered | slightly in 1989. Unit values for i1m- 

lite, less than 1% was amosite, and 6% | before asbestos was replaced by a sub- | ported asbestos ranged from $141 per | 

was an unspecified fiber type. Approx- | stitute material or product. ton to $3,728 per ton and averaged 

imately 74% of the chrysotile con- Examples of materials substituted | $234 per ton. Unit values for exported 

sumed in the United States was grade 7, | for asbestos include aramid fiber, cal- | asbestos ranged from $128 per ton to 

followed by grades 4, 5, 6, 3, 2, and 1. | cium silicate, carbon fiber, cellulose | $2,158 per ton and averaged $285 per 

The construction industry is the major | fibers, ceramic fiber, clay, fibrous glass, | ton. Customs unit values of imported 

consumer of asbestos fiber in the form of | fumed silica powder, graphite flake and | crude chrysotile decreased 74% be- 

asbestos cement pipe, asbestos cement | fiber, limestone, mica, polyacryloni- | cause high valued crude chrysotile from 

sheet, coatings, compounds, packings, | trile fiber, polybenzimidazole fiber, | Zimbabwe was not imported under this 

and roofing products. These end uses | polyethylene fiber, polypropylene fiber, | import category in 1989. The unit value 

accounted for 71% of the asbestos con- | polytetrafluoroethylene fiber, steel fi- | of imported spinning chrysotile de- 

sumed in the United States. bers, talc, and wollastonite. Examples | creased 49% because the change to the 

Consumption has declined dramati- | of alternative products include alumi- | Harmonized System for import report- 

cally from 800,962 tons in 1973 to | num, vinyl, and wood siding; alumi- | ing resulted in the inclusion of lower 

55,306 tons in 1989 in response to | num pipe and sheet; asphalt coatings; | valued chrysotile fiber in the “chrysotile, 

environmental and _ liability issues. | ductile iron pipe; fiberglass sheet; poly- | spinning”’ category. 

There is a continuing interest among | vinylchloride pipe; prestressed concrete 

manufacturers of both organic and in- | and reinforced concrete pipe; semi- | — = SEES 

organic fibers in acquiring portions of | metallic brakes; urethane coatings; and | FOREIGN TRADE 

the asbestos market. Product manufac- | vinyl composition floors. I 

turers gradually have been replacing 

asbestos with substitute materials, re- | SSS Beginning in 1989, the Bureau of the 

designing old products to eliminate the | PRICES Census adopted the Harmonized System 

need for asbestos, or designing new | ——--——~-"-_ | for reporting commodity imports and 

products which require neither asbestos exports. Asbestos import categories un- 

nor asbestos substitutes. Economic, The average unit value of domesti- | der the Harmonized System were un- 

manufacturing, performance, and/or | cally produced asbestos increased | changed from those of previous years. 
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TABLE 4 vided minor amounts. Approximately 

CUSTOMS UNIT VALUES OF IMPORTED ASBESTOS 93% of the asbestos fiber imports were 
chrysotile. 

(Dollars per metric ton) 

1985 1986 ~ 1987 1988 1989 

Canada: WORLD REVIEW 
Chrysotile: a 

Crude 576 547 610 635 167 

Spinning 731 507 598 756 387 Canada continued to be the largest 
Other 283 229 218 227 227 | market-economy producer of asbestos, 

South Africa, Republic of: followed by Brazil, the Republic of 

- Amosite 830 _ _ _ 3,728 | South Africa, and Italy. The U.S.S.R. 

Crocidolite #4569 #4582. #4572. 609 ©6344.) Was the world’s largest producer of 
Source: Bureau of the Census. = tsti“‘(”t*~<‘=‘sts‘i‘ ‘SSS dL asbestos. Canada and the U.S.S.R. ac- 

counted for 77% of the world produc- 

tion. Canada continued to be the larg- 

est exporter of asbestos. 

Asbestos export categories under the | from 1988 and reflects a lower volume of 
Harmonized System were considerably | asbestos and asbestos products being ex- | Capacity 

different from those of previous years. | ported in 1989. Exports and reexports of The data in table 8 are rated annual 
Export categories that were used prior | brake linings and disk pads accounted | capacity for mines and refineries as of 
to 1989 overlap under the Harmonized | for 83% of the value of all manufactured | December 31, 1989. Rated capacity is 
System and many of the Harmonized | asbestos products. Canada remained the | defined as the maximum quantity of 
System categories were not exclusive for | largest importer of unmanufactured fi- | product that can be produced in a 
asbestos (i.e., included cellulose pipe | bers and manufactured products, fol- | period of time on a normally sustain- 
and sheet and nonasbestos friction | lowed by Japan, Mexico, Brazil, and the | able long-term operating rate, based on 
materials). United Kingdom. : the physical equipment of the plant, 

The total value of asbestos fibers and | Canada provided 97% of the asbes- | and given acceptable routine operating 
asbestos products exported and reex- | tos imported into the United States, | procedures involving labor, energy, ma- 
ported from the United States was | and the Republic of South Africa pro- | terials, and maintenance. Capacity in- 

$160,771,000. This is a 21% decrease | vided 2%. Several other countries pro- | cludes both operating plants and plants 

TABLE 5 

COUNTRIES IMPORTING U.S. ASBESTOS FIBERS AND PRODUCTS 

| (Thousand dollars) | 

1988 1989 

Country Unmanufactured Manufactured T \ Unmanufactured Manufactured i 

fiber products otal fiber products Total 

Australia 9 2,285 2,294 18 1,734 1,752 

Brazil 656 4,662 5,317 785 4,203 4,988 | - 

Canada 694 144,305 144,999 884 98,974 99,859 

Germany, Federal Republic of 228 2,316 2,544 93 3,801 3,894 

Japan 3,312 8,538 11,850 3,314 7,211 10,526 

Korea, Republic of 182 1,266 1,448 145 953 1,097 

Kuwait — 456 456 — 574 574 

Mexico 1,636 7,677 9,313 370 5,797 6,166 

Saudi Arabia — 1,814 1,814 105 1,394 1,499 

Thailand 150 757 908 10 167 177 

Turkey — 706 706 — 304 304 

United Kingdom 97 2,127 2,224 75 4,841 4,916 

Venezuela 106 1,805 1,912 50 709 759 

Other 1,399 16,143 17,542 1,841 22,417 24,259 

Total! 8,468 194,858 203,326 7,690 153,081 160,771 

'Data may not add to total shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 6 | porosity, thermal conductivity, warp- 

U.S. EXPORTS AND REEXPORTS OF ASBESTOS AND ing, and the degree to which a product 
ASBESTOS PRODUCTS was waterproof. The  fiber-cement 

| products tested performed exceedingly 

a —O well in the impact resistance test and 

Products Quantity (thousands) poorly in the combustibility tests. 

lo8gs Mixed results were obtained for the 

a other tests. The study concluded that 
Unmanufactured: . 
——oer._ |... the overall performance of asbestos- 

___Crudes, fibers, stucco metic tons 26,356 $6,785 | cement products exceeded that of the 

_Sandandrefuse CC —“ ts _=CS BBN 683__ | fiber-cement products.° 

Total do. 31,544 8,468 The Asbestos Information Associa- 

Manufactured: tion (AIA) compiled the results of its 

Asbestos fibers do. 1,394 5,431 third survey of worker exposure to asbes- 

Brake linings do. NA 140,186 tos. Surveys were sent to 32 countries and 

Clutch facings and linings number NA 27,094 26 responded. The survey covered 45,696 

Gaskets metric tons 536 2,244 workers in mining (30%), asbestos- 

Insulation TO NA 4,558 cement production (39%), friction mate- 

Packing and seals do. 641 5,793 rials production (22%), textile produc- 
Shingles and clapboard St<“‘=‘=SCi‘<Ct SS 1.095 662 tion (5%), and other asbestos industries | 

ooo ° (4%). Less than 2% of the workers cov- 

___Other articles of asbestos dO 1,609 2,133 | ered in the survey were exposed to con- 

___Otherarticles, nspf 0000 dN ___6,757__| centrations of more than 2 f/cc. Over 

Total XX 194,858 | 90% were exposed to concentrations of 

1989: less than 1 f/cc. The bulk of the expo- | | 

Unmanufactured: sures over 2 f/cc were in the textile 

Asbestos ! do. 27,004 7,690 | industries.” ) 

Manufactured: 

Asbestos fibers do. 103,526 382 ——.- 

Brake linings and disk brake pads” NA 127,182 OUTLOOK 

Clutch facings and linings? metric tons NA 3,868 

___Clothing, cord, fabric, and yarn cord, fabric, and yarn NA 1,363 Domestic markets will continue to 
Gaskets, packing, and seals metric tons NA 6,206 decline because of the EPA ban and 

Panel, sheet, title, and tube* do. NA 4,773 phaseout of asbestos and consumer 

Paper and millboard NA | 1,188 | demand for asbestos substitutes. As- 

Other articles° NA 8,119 | bestos mining was not banned under 

Total XX 153,081 the new EPA regulation so domestic 

NA Not available: XX Not applicable. producers will be able to continue to 

"Includes crudes, fibers, stucco, sand, refuse. export asbestos fiber. Foreign markets 

Includes asbestos and cellulose fiber brakes and similar materials. . . 

3 Includes clutches and other friction materials, excluding brakes and brake pads. for asbestos fiber should remain strong 

4 Includes asbestos-cement and cellulose fiber cement products. for several years because of the high 

5 Includes asbestos and cellulose fiber products. demand in Southeast Asian and devel- 

oping countries for proven, low-cost 

temporarily closed that in the judgment | divest itself of asbestos cement opera- construction materials. 

of the author can be brought into pro- | tions in Brazil, Colombia, and Bolivia The prospects for the domestic as- 

duction within a short period of time | and its holdings in SA Mineracao de | bestos manufacturing industry are poor 

with minimum capital expenditure. Amianto (SAMA), a chrysotile opera- | because of the EPA mandated phase- 

tion in Brazil. SEG will begin to focus on | out of most uses of asbestos within 7 

Canada the use of asbestos substitutes.’ years. Asbestos consumption probably 

Developmental work continued on would continue to decline even if the 

the underground portion of Cassiar | _.-_—= = SSCSCSCSSSSsSEPAA ban and phaseout of asbestos were 

Mining Co.’s McDame asbestos mine | CURRENT RESEARCH rescinded in favor of stricter regula- 

in British Columbia. The mine is ex- | —————————---__ | tions because of the continuing con- 

pected to become operational in March cern over environmental, health, and 

1990. Reserves in the open pit are suf- Fifteen fiber-cement products that | liability issues. 

ficient to continue operation through | are used commercially in place of 

late 1990.° asbestos-cement products were tested + Rederal Register Environmental Protection Agency 

South A . for accelerated absorption, aging, color Asbestos: Manufacture, Importation, Processing, and 

u merica stability, combustion, density, flexural | pistribution in Commerce Prohibitions; Final Rule. V. 

Swiss Eternit Group (SEG) planned to | strength, humidity, impact resistance, | 54, No. 132, July 12, 1989, pp. 29460-29513. 
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Federal Register. Mine Safety and Health Adminis- Federal Register. Environmental Protection Agency. OTHER SOURCES OF INFORMATION 
tration. Air Quality, Chemical Substances, and Respira- | National Primary and Secondary Drinking Water Reg- 
tory Protection Standards. V. 54, No. 166, Aug. 29, | ulations. V. 54, No. 97, May 22, 1989, pp. 22062-22160. Bureau of Mines Publications . 
1989, pp. 35760-35852; V. 54, No. 201, Oct. 19, 1989, p. ©Mining Journal. McDame Schedule for Cassiar. V. : | 43026. 312, No. 8004, Jan. 27, 1989, p. 61. Mineral Facts & Problems, 1985. 
*——. Occupational Safety and Health Administra- 7 Industrial Minerals. Swiss Eternit Plans Asbestos Mineral Commodity Summaries, 

. tion. Occupational Exposure to Asbestos, Tremolite, Exit. No. 258, Mar. 1989, pp. 12-13. annual. 
Anthophyllite, and Actinolite. V. 54, No. 139, July 21, 8 Asbestos. Comparative Study of Fiber-Cement Minerals Yearbook, annual. 
1989, pp. 30704-30705. Products. V. 4, No. 1, June 1989, p. 6. Mineral Industry Surveys, annual. 

———.. Environmental Protection Agency. Asbestos ° Asbestos. An International Dust Exposure Survey. 
NESHAP Revision, Including Disposal of Asbestos | vy. 3, No. 4, Mar. 1989, pp. 2-3. Other Sources 
Containing Materials Removed from Schools. V. 54, No. . Company annual reports. 
6, Jan. 10, 1989, pp. 912-937. Industrial Minerals. 

| Engineering and Mining Journal. 

World Mining. 

| Mining Engineering. 
, Mining Journal (London). 

TABLE 7 | 

U.S. IMPORTS FOR CONSUMPTION OF ASBESTOS FIBERS, BY TYPE, ORIGIN, AND VALUE 

eee 

Canada Republica Other Total! 

‘Type Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 

. tons) sands) tons) sands) tons) sands) tons) sands) 
1987 90,224 $20,096 3,246 $1,788 293 $137 93,763 $22,022 
1988: — — EE — — 

Chrysotile: 

Crude 20 2 — — 47 21 37 23 
Spinning fibers 526 358 — — 75 97 601 455 

All other 77,779 17,421 488 273 61 73 78,328 17,767 

Crocidolite (blue) — — 1,252 763 — — 1,252 763 

Other (unspecified asbestos type) 1,365 555 2,548 1,480 - 1,195 484 5,108 2,520 

Total ! 79,690 18,336 4,288 2,516 1,348 676 85,326 21,528 
| 1989: ESE 

Amosite — — — — 2 7 2 7 

Chrysotile: 

Crude 205 34 — — — — 205 34 

Spinning fibers 5,214 1,877 39 46 130 161 5,383 2,084 

All other 45,816 10,378 — — 110 | 56 45,926 10,433 
Crocidolite (blue) 19 16 574 359 — — 593 374 

Other (unspecified asbestos type) 2,318 656 . 427 224 452 218 3,197 1,098 

Total! 53,572 12,961 1,040 628 694 442. 55,306 14,031 
'Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 8 
. 

WORLD ASBESTOS ANNUAL 

PRODUCTION CAPACITY, . 

DECEMBER 31, 1989 

Rated 

7 capacity! | 
(thousand 

metric tons) 

Chrysotile: 

North America: 

Canada 780 

United States 30 , 

Total . 810 

South America: Oo | 

Brazil 250 
Colombia 20 

Other 1 

Total 271 

Europe: ne 

Greece 100 | 

Italy 150 

U.S.S.R. 2,800 | | 

Yugoslavia 20 

Total 3,070 

Africa: 

South Africa, 
Republic of 150 

Swaziland 30 

Zimbabwe 250 | 

Total 430 

Asia: | 

China 170 

- Cyprus 35 

India . 30 

Japan 4 

Korea, Republic of 5 | 

Turkey 6 | 

Other 2 . 

. Total 250 

World chrysotile total 4,831 | 

Crocidolite: TO | 

South Africa, Republic of 210 

Amosite: 

South Africa, Republic of 110 

‘Includes capacity at operating plants as well as at plants on 

standby basis. 

2 Less than 1/2 unit. 
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| TABLE 9 

ASBESTOS: WORLD PRODUCTION, BY COUNTRY’ 

(Metric tons) 

Country * 1985 1986 1987 1988P 1989° 

Argentina 1,244 1,697 332 2,328. 2,100 

Brazil ? 165,446 204,460 212,807 227,653 230,000 
. Bulgaria 400 300 400 © 400 400 

Canada (shipments) . 750,190 662,381 664,546 704,989 709,800 

China | 150,000 150,712 144,673 157,478 160,000 

Colombia 12,435 12,916 13,272 * £10,500 10,500 

Cyprus 16,360 13,011 18,070 14,585 — 

Egypt 229 476 209 166 160 

Greece 46,811 $1,355 63,000 © 80,000 80,000 

India 30,183 25,236 29,110 31,303 32,000 

Indonesia (*) (‘) (*) (4 — 
Iran (concentrate) © 2,500 3,000 3,300 3,000 3,000 

Italy 136,006 115,208 100,834 94,549 94,500 

Japan 2,971 3,593 3,143 * 3,000 3,000 
Korea, Republic of 4,703 2,983 2,518 2,428 2,500 

Mozambique 55 — — — — 

South Africa, Republic of 164,247 138,862 135,074 145,678 150,000 

Swaziland 25,130 20,908 25,925 22,804 23,000 

Taiwan 625 — — — — 
Turkey “1,500 1,098 360 “100 100 

US.S.R.° 2,500,000 2,400,000 > 2,554,600 2,600,000 2,600,000 

United States (sold or used by producers) 57,457 $1,437 50,600 18,233 >17,427 

Yugoslavia 6,916 8,596 10,964 17,030 17,000 

Zimbabwe 173,580 163,984 193,925 186,581 190,000 

Total "4,248,988 "4,032,213 4,227,662 4,322,805 4,325,487 

*Estimated. Preliminary. ‘' Revised. 

' Table includes data available through Apr. 13, 1990. ; 
*In addition to the countries listed, Afghanistan, Czechoslovakia, North Korea, and Romania also produce asbestos, but output is not officially reported, and available general information is inadequate 
for the formulation of reliable estimates of output levels. 

3 Excludes direct sales of run-of-mine material, in metric tons, as follows: 1985—887; 1986—2,060; 1987—2,000 (estimated); 1988—2,000 (estimated); and 1989—2,000 (estimated). 
* Revised to zero. 
> Reported figure. 
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By Sarkis G. Ampian } 

Mr. Ampian, a physical scientist with more than 36 years experience, has been the commodity specialist for barite since 1981. 

Domestic survey data were prepared by Bruce Baltas, mineral data assistant, and international tables were prepared by Virginia 

A. Woodson, international data coordinator. 

omestic production of barite TABLE 1 

D 290000 metric tons (date . SALIENT BARITE AND BARIUM CHEMICAL STATISTICS | 

a : : (Thousand metric tons and thousand dollars) 

metric units, unless noted), 

while the value decreased nearly 20% to | 4985. -*4086.~«1987~=—«1988.~—S—« 989 

$13 million. This decline continues the BGT HS 

downtrend in barite production, except for | Umtet Statess_ | 

1987, which has persisted since 1981 when | —Bamte, primary: 

the record high of 2.5 million tons was pro- ___Sold or used by producers 70269 406 “0 | 
duced. Production from Nevada, the Value $21,501 $12,326 $15,810 $15,512 $12,625 

leading producing State, decreased about Exports 6 7 9 (*) 10 

18%. Imports for consumption of crude Value $692 $1,021 $716 $353 $1,622 

barite decreased nearly 13%, while ground Imports for consumption (crude) 1865 676 748 1,132 987 

barite imports more than trebled. Imports Consumption (apparent)? 2,530 939 1,147 1,536 1,271 

of barite exceeded domestic production for | “Crushed and ground (sold or used by processors)? 1,981 1,103 1,301 1,612 1,277 
the eighth consecutive year, but the import Value $154,463 $75,965 $108,759 $127,373 $103,759 
figure of 990,000 tons for 1989 was about Haun chemicals (old or used by processors) SC=<“s*“‘s‘*«sMM*“‘S!:C!!”!”*~«STS*«C*«O 

1.1 million tons below the record-high ton- _Barium chemicals (sold or used by processors) AA AR 

nage of 1982. Ground barite imports, ex- ___Vaue «$16,036 $16,871 $16,466 $15,284 17,000 

cept for the drilling boom years of the late World: Production 80878708 TO NT 

1970’s and early 1980’s, have been negligi- | FO" a rrciminary. Revised. 
ble. The principal use for barite, as a | sold or used plus imports minus exports. 

weighting agent in oil- and gas-well-drilling | “Includes imports. 

fluids (muds), accounted for about 90% of 
U.S. consumption. Chemical, glass, and 
filler and/or extender uses accounted for 

the remaining 10%. —TTJAvJN,_,..........—...._— | 43% of total production, was unchanged 

Weak demand for barite by the oil- and DOMESTIC DATA COVERAGE | from 1988; the remaining 57% was flota- 

gas-well-drilling industry carried overfrom |~  —“‘CS;!O!;*;*;™*;*;.UC~;”~( éCY{ tion concentrate and other beneficiated 

he hind uae of 1988 and persist’ for |” Donic production da for bart are | TY es Jaws outers wee ose 
and softening of the overall economy. The developed by the Bureau of Mines from a chiefly in drilling muds; the higher valued 

downturn in demand has been largely due voluntary survey of U.S. operations. Of the floated and other beneficiated material was 

to the decrease in the number of offshore 65 operations to which a survey request | y.6q mostly in chemical and glass 

and onshore drilling rigs, thereby lowering was sent, all responded, representing 100% manufacturing and in filler applications. 

the demand for barite-bearing muds. Over- of the total crushed and ground production Reported primary production declined 

production by major oil-producing coun- sold or used shown in table 1. nearly 28% from 404,000 in 1988 to 

tries during the last quarter caused crude 290,000 tons. Nevada and Georgia remain- 

oil prices to decline, which in turn depress- ed the two leading barite-producing States. 

ee demane for bare drilling mut PRODU CTION: oct Producing States, in descending 

.S. mine production of barite continued, order, were Missouri, Tennessee, Mon- 

although still depressed. Producers were The term “primary barite” denotes the | tana, and Illinois. Illinois produces barite 

encouraged by declining rail rates, which | first marketable product and includes crude | as a coproduct of fluorspar mining and 

increased the competitiveness of domestic | run-of-mine barite, flotation concentrates, | milling; in all other States, barite is the 

ores in the gulf coast and midcontinent | and material concentrated by other | primary product. 

areas. Barite grinding capacity, despite | beneficiation processes such as washing, The leading domestic barite producers 

numerous closures, mergers, and acquisi- | jigging, or magnetic separation. Run-of- | were M-I Drilling Fluids Co., a Dresser- 

tions, remained sufficient to meet present | mine barite, the lowest cost primary barite | Halliburton Co.; Milpark Drilling Fluids, 

and future requirements. sold or used by producers, representing | a Baker Hughes Inc. company with mines 
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in Nevada; and Baroid Drilling Fluids Inc., | caused price volatility, lowered energy | chemical substances at coal and metal- 
a division of NL Petroleum Services Inc., | rates, and continued to temper or limit any | nonmetal mines to a threshold limit value 
with mines in Missouri and Nevada. major upturn in drilling activity. Another | (TLV) of 10 milligrams milligrams per 

In domestic barite news, New Riverside | factor depressing the domestic marketplace | cubic meter (mg/m3)4 The preproposal | 
Ochre Co. (NRO), of Cartersville, GA, | was the overcapacity of the drilling-fluids | draft specified a limit for barite, a barium 
purchased Baroid Corp.’s, formerly NL | producers. The slowly recovering domestic | sulfate compound, of 0.5 mg/m? The same 
Baroid, Sweetwater properties in Ten- | barite industry, the world’s largest, con- | limit was placed on other soluble and reac- 
nessee. The properties, amounting to about | tinued to be threatened by imports of crude | tive barium compounds by the American 
1,100 and 1,200 acres, respectively, of fee | and ground barite. Rising ocean freight | Conference of Governmental Industrial 
simple and mineral rights lands. Baroid last | rates, in part due to higher bunker fuel | Hygienists (ACGIH). 
worked the barite deposits for both the | costs and limited availability of bottoms, 
drilling and nondrilling markets. A. J. | helped reduce competition by foreign ores_ | —-—_____ 
Smith Co. Inc. built a washer-jigging plant | early in the year. | CONSUMPTION AND USES 
on the property to feed NRO’s complex in Most mining and grinding operations | —W____—_ 

| Cartersville, GA. NRO is the mining arm | continued to be either suspended or 
of Chemical Products Co. (CPC), | operated on minimal production schedules Consumption of crushed and ground 
Cartersville, GA, and produces barium | to address the industry’s excess capacity. | barite decreased nearly 17%, from 1.6 
chemicals from the local barite residuum. | Many of the additions to mining, milling, | million tons in 1988 to 1.3 million tons in 
Both NRO and CPC are wholly owned sub- | and grinding capacity were largely to | 1989. This decrease resumes the decline in 
sidiaries of Dellinger Management Co., | reduce operating costs to remain com- | total barite consumption, except for the past 
also of Cartersville. In another action, | petitive in a firming but volatile market | 2 consecutive years of 1987 and 1988, 
NRO completed the installation of the | situation. Many ongoing and planned pro- | prevalent since 1981 when the record high 
Kingston washer plant at midyear, purchas- | jects, including exploration programs, were | of 4.7 million tons of crushed and ground 

| ed from DeSoto Mining Co. Inc., | indefinitely deferred. barite was set. The decrease reflects a 
Richlands, MO, at its nearby Emerson, The International Trade Commis- | downturn not only in barite requirements 
GA, location to treat local and Sweetwater | sion/Import Administration, U.S. Depart- | for oil well drilling, which still accounts 
barite. In drilling mud news, American | ment of Commerce, terminated an an- | for about 90% of total sales, but also in the 
Barite Corp. completed a barite grinding | tidumping administrative review of barium | overall economy. The oil-and gas-well- 
facility at Morgan City, LA, and Milpark | chloride from China.! Earlier in the year, drilling industry completed nearly 21,000 
Drilling Fluids Inc. added two additional | the Department published preliminary | wells and drilled about 102 million feet of 
jigs to its existing Argenta, NV, jigging | results of its administrative review of the | hole;> these figures were 16% and 18% 
plant. In corporate news, the shareholders | antidumping duty order on barium chloride | lower, respectively, than in 1988. 
of NL Industries Inc. voted on December | from China2 The review covered one Total drilling footage exceeded 6 million 
22 to spinoff NL Baroid into a separate en- | manufacturer and/or exporter of this | feet in four States: Texas, 377 million feet; 
tity, Baroid Corp. chemical to the United States from the | Oklahoma, 11.6 million; Louisiana, 9.7 

The recovery of the domestic barite in- | periods April 6, 1984, through September | million; and Kansas, 6.5 million. General- 
dustry that begin in midyear 1987 and con- | 30, 1984, and October 1, 1985, through | ly, the deeper a hole is drilled, the more 
tinued into the last quarter of 1988 failed | September 30, 1986. The margins for the | barite is used per foot of drilling. Among 
to reappear during all of 1989, when over- | first period were stipulated at 27.70% and | the four leading States, Louisiana had the 
production by oil-producing countries | 60.84% for the second. A cash. deposit | highest average well depth, over 7,900 feet, 
caused crude oil prices to decline. During | estimated antidumping duty of 60.84% was | and Kansas the shallowest, about 3,400 
this downturn, volatile but lowering oil | required for all shipments from this one | feet. Wyoming, absent from the top States 
prices decreased drilling activity. The | source. These cash deposit requirements | this year in well footage drilled and the 
slowdown of the growing overall economy | were effective for all shipments for Chinese | perennial leader in the highest average well 
did little to spur recovery. The yearend oil | barium chloride entered or withdrawn from depth, recorded only 7,300 feet. The U.S. 
glut depressed barite demand by the ex- | warehouse for consumption on or after the average decreased to nearly 4,900 feet, a 
ploration and development segments of the | date of publication of the notice and re- | 4% reduction. Barite consumption decreas- 
industry. The decline in production rates | mained in force by the Customs Service un- | ed accordingly with the 15% reduction in 
in 1989 reversed the near level output in | til the termination decree. the number of wells drilled despite the up- 
1971-88 by returning to the trend of declin- The Environmental Protection Agency | turn in operating offshore rigs in the Gulf 
ing barite output that had begun after 1981, | proposed to grant the petitions to exempt | of Mexico and California at the expense of 
the high production year (2.8 million tons). | barium sulfate from the reporting re- | shallower drilling onshore varieties 
Production data indicate that competitive | quirements under the category “barium | elsewhere. Most of the onshore wells were 
rail rates to the gulf coast and midconti- | compounds” on the list of toxic chemicals | in the Overthrust Belt in Wyoming and 
nent areas, based on unit trains and | under Section 313 of the Emergency Plan- | Anadarko Basin in Oklahoma, both deep- 
guaranteed-tonnage contracts, combined | ning and Community Right-to-Know Act | drilling areas. There was nearly a 43% 
with a tight barite supply early in the year | of 1986 in recognition that barium sulfate | decrease in the amount of barite used per 
and attendant price increases, permitted | is an insoluble and inert dust? The Depart- | foot of drilling, from 63.02 pounds in 1988 
modest domestic mining campaigns. ment of Labor, Mine Safety and Health Ad- | to 36.08 pounds in 1989. 

Nevertheless, the persistent oil glut, ex- | ministration, proposed to revise its existing Another barometer of drilling activity, 
acerbated primarily by overproduction, | standards for barite air quality and | the Baker Hughes rig count, showed the 
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TABLE 2 

U.S. PRIMARY BARITE SOLD OR USED BY PRODUCERS, BY STATE 

Run of mine Flotation Beneficiated Total 

Number concentrates | __material ee 

State of Quantity Quantity Quantity Quanti 
operations — (thousand ( ‘hows ds) (thousand. ( hewn ds) (thousand thousands (thousand thousands) 

metric tons) metric tons) metric tons) metric tons) 

1988: 

California 2 WwW W — — — — W WwW 

Georgia 2 — — W W W W WwW WwW 

Missouri | 3 WwW WwW — — WwW W W WwW 

Nevada 5 142 $2,163 WwW WwW 149 $2,782 290 $5,053 

| Tennessee 1 WwW WwW — — — — Ww W 

Total! 13 174 3,621 15 $1,908 216 9,983 404 15,512 

1989: Oe _ — a a — _ OO 

Georgia 2 — — WwW W WwW WwW Ww Ww 

Tlinois 1 _ — W W — — WwW W 

Missouri 3 WwW W — — — — WwW W 

Montana 1 W WwW — — — _— WwW W 

Nevada 5 122 1,869 — — 87 1,603 209 3,473 

Tennessee 1 W WwW — — — — W W 

Total 13 125 2,046 WwW W - 2165 29,186 290 12,625 

W Withheld to avoid disclosing company proprietary data. 

1Data may not add to totals shown because of independent rounding. 

Includes flotation concentrates. 

average number of operating domestic rigs | attributed to a smaller percentage of lower | of 109,000 tons in 1979. Export and import 

in 1989 decreased 7% to 869.° This decline | valued drilling-mud-grade material in the | data provided by the Bureau of the Census 

in rigs reestablishes the downward trend | total. The average reported value per ton | did not indicate the grades of barite trad- 

that, except for 1984 and 1988, has seen the | of ground drilling-mud-grade barite from | ed; however, based only on the value of in- 

number of rigs fall from the 1981 record | Louisiana and Texas was $76.77; the average | dividual shipments, from more than $50 to 

high of 3,974. The 1989 average rig count | value of that from California, Nevada, and | $5,000 per ton, drilling-, pharmaceutical-, 

of 869 is the fourth time since 1971 (976 | Utah was $64.81. The value of the Loui- | chemical-, filler-, and glass-grade were all 

rigs) that the count was below 1,000. The | siana and Texas ground material, in direct | exported. Drilling-mud-grade barite ap- 

estimated rig count during the year ranged | response to steadily rising costs of imported | peared to make up about 75 % of the ex- 

from 737 to 1,079. The low count of 737, | crude, rose about 15%. Material from the | port percentage. Historically, barite exports 

recorded the week of May 21, was the se- | other major grinding States, supplied large- | were predominantly ground drilling-mud- 

cond lowest since World War II. The high, | ly by domestic mines, rose slightly. The | grade material with less than 5% of the ton- 

1,079 rigs, was registered the week of | average customs value of barite exported | nage specialty ground barites. Minor 

December 24. to Canada and Mexico ranged between | amounts of witherite (natural barium car- 

$200 and $400 per ton; the customs value | bonate), precipitated barium carbonate, 

| oof material exported to Latin America was | barium sulfate (blanc fixe), and barium 

PRICES under $200 per ton. chlorides, anhydrous and hydrous oxides, 

TTT TTT and nitrates also were exported. Crude 

$$ _|| barite was not exported. Canada and Mex- 

Price quotations in trade publications for | FOREIGN TRADE ico traditionally either first or second 

barite remained unchanged. These prices | ---------___ | among export recipients of U.S. ground 

may serve as a general guide but do not barite, were replaced by Venezuela and 

reflect actual transactions. Exports of natural barium sulfate or | Colombia, in decreasing order. These two 

The reported average value per ton of | barite increased markedly from about 200 | countries were the leading buyers of U.S. 

domestic barite, based on reported value | tons to more than 9,700 tons. This increases | ground barite and accounted for about 55 % 

or direct-ship, beneficiated, and floated | the modest rebound in barite exports for of the total exports. Exports to Canada and 

material, increased 12%, f.o.b. plant, from | the previous 3 of 4 years, 5,800 to 9,700 | Mexico, major oil-producing countries, 

$38.40 per ton in, 1988 to $43.53. This in- | tons, and ends the downward pattern that | declined to less than 2,000 tons from a high 

crease in value for domestic concentrate is | saw exports plummet from the record high | of 18,000 tons in 1983. Both Canada and 
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TABLE 3 set in 1982. The c.i.f.7 value of this material 
PRODUCERS OF BARIUM MATERIALS IN 1989 resumed its downward trend by declining 

about 10% to $40.27 per ton. Except for 
$$ pA sSsSsSsFsSssSSSSSS—SSSSSCCC SY] s:1988, the value of imported material has 

Company Plant location Material declined for 9 of the previous 10 years. The 
American Minerals Inc. ~~ ~Camden,NJ..~~S*~”:” Well drilling and filler. 1989 decrease indicates that prices of 
“DoS Paso, TX en foreign ores lowered in response to over- 
“Doo Resiclare IL pe supply and lower ocean shipping rates. 
<i _____ arlier cutbacks in foreign production in 
Baroid Drilling Fluids Inc. Fountain Farm, MOD. | s-1988, notably in China and India, because 

Do. Lake Charles, LA Do. of an absence of forward commitments, 
Do. New Orleans, LA Do. saw a firming of both crude barite prices 

Circle A Construction Co. Inc. Wells, NV Primary and filler. and shipping rates, which carried only in- 
Clark Minerals Inc. South Plainfield, NJ Filler. to the first quarter of 1989. The 25% in- 
Custom Milling & Supply Co. Salt Lake City, UT Well drilling. crease in imports of Indian ores in 1989 was 
Cyprus Industrial Minerals Co. Cartersville, GA_—=—=—=———=Primary and ground. | caused primarily by slippages in delivery 
De Soto Mining Co.Inc. | ~—~—~S*Richwoods, MO..-~—-”~—”———S@Primary”=«é<‘é(_—=+| ‘SCCheeduiless ‘that carried over into the first 
Extender Products Ltd. __—~—~~~~~sMinerai’ Point, MO‘Filler.. _| Pat of the year. Softening worldwide crude General Barite Co. ~~~~~ ~~ Washington, MO..”-~*~Primary. SS oil prices and its resultant lowering of oil- 
ono LA | and gas-exploration drilling activity com- 
GEO Tnternational Ine. Florin, CACO | ‘ined to lessen domestic demand for most 

: International Drilling Fluids Amelia, TX Cel drilling. | of the year. Domestic producers and con- 
JM HuberCorp, Adams, ECs sumer in the gulf coast area, still faced 
M-I Drilling Fluids Battle Mountain, NV Do. with relatively high rail rates from 

Do. Brownsville, TX Well drilling and filler. | domestic drilling-quality barite mines in 

Do. Galveston, TX Well drilling. Nevada, continued to take advantage of the 
Do. } Lander, NV Primary and ground. lower priced foreign ores to meet their 
Do ————s—~<“<i~s~s‘ C}!C*”CN@w Orrdeans,« LA) Welldrilling. demands. Based on average value per ton 
“Do West Lake Charles, ZA Well driling and fir, | Of material shipped, the principal source 
Milpark Drilline Fluids ~~ ~~ ~Areenta NV C—O SC«*|«COUNtries, in descending order, were 

a China, $4085; India, $40.27; Mexico, 
So a ith i | $38.84: Peru, $36.37; and Chile, $33.25. 

Poo Corpus Christi, TX De The high-priced Mexican material was 
Pe Galveston, TX Do chiefly crude filler and extender-quality 
_Pe New Orleans, LAD. arite. The high-quality barite, generally 
The Milwhite Co. Inc. Brownsville, TX Well drilling and filler. | material with a specific gravity greater than 

Do. Bryant, AK Do. 4.2, is usually blended during grinding 
Do. Houston, TX Well drilling. with lower grade ore, foreign or domestic, 

Pfizer Inc. East St. Louis, IL Filler. to meet American Petroleum Institute 
Mountain Minerals Co. Ltd. Missoula, MT Primary and ground. specifications for 4.2 dr illing-mud-grade 
New Riverside Ochre Co. Cartersville, GA Primary. barite. Most of the crude barite entered 
Old Soldiers Minerals Ltd. Abbeville, La Well drilling. through customs districts along the gulf 
“Do | Coast for delivery to grinding plants in the Do. Elk City, OK Do. . oy Co << | area. The import distribution by customs 
Ozark-Mahoning Co. CRosiclare, Primary. | Gistricts in 1989 (1988) was New Orleans, 
A.J. Smith Co.Inc. Sweetwater, TN Primary and ground. 1 1A, 65% (74%); Houston, TX, 31% 
Standard Industrial Minerals Laws, CA Filler. (23%); and Laredo, TX (Port of 

Standard Magnesia Co. Churchill, NV Primary. Brownsville, TX), 31% (3 %). Small 

Standard Slag Inc. Nye, NV Do. amounts were also received, in decreasing 
BARIUM COMPOUNDS order, in Great Falls, MT; Pembina, ND; 

J.T. Baker Chemical Co. Phillipsburg, NJ Chemicals. and Cleveland, OH. 
Chemical Products Corp. _—=—SSSsCCartersville, GA.===S=S=S*é<“«<=iS ; DS*é<S*étS*sé«@YSCSCUmports off ground bbar'itee moore than tri 

EE | led to nearly 47,000 tons from about 14,000 
tons in 1988; of this, Canada (17%) and 

Mexico (80%) supplied about 97%. Before 
1984, ground barite imports had been 

Mexico continued to rely more on domestic Imports for consumption of crude barite | |jmited to premium-quality pharmaceutical 
production. During the year, the | decreased about 13%, from 1.132 million grades, which were unavailable domestical- 
strengthening U.S. dollar had little effect | tons in 1988 to nearly 990,000 tons. The ly. In recent years, this market has been 
on this trade because of continuing Cana- | 1989 barite import figure was nearly 50% dwindling because certain medical X-ray 
dian and Mexican fiscal problems. below the record high of 2.32 million tons diagnostic procedures employing barium 
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TABLE 4 | Mine capacity for domestic barite pro- 

CRUSHED AND GROUND BARITE! SOLD OR USED BY PROCESSORS | ution was aggregated “rom data volun- 
tarily supplied by the producers. The rated 

IN THE UNITED STATES, BY STATE capacity data for the foreign mines were 

So ____— | estimated from the previous year’s produc- 

RB 19889} tion in cooperation with the Division of In- 

State Number of Quantity Value Number of Quantity Value ternational Minerals. 

plants (thousand (thousands) plants (thousand (thousands) 

| metric tons) metric tons) . 

Louisiana 8 849 $58,916 7 700 $50,533. | Brazil | 

Missouri 1 Ww Ww 1 Ww Ww A Sao Paulo-based company, Mineracao 

Nevada 4 220 12,666 3 97 6,208 | Matheus Leme Ltda. (MML), was eval- 

Oklahoma 2 Ww Ww 2 Ww w_ | uating a barite deposit in the State of Goias 

Texas 8 387 32,259 4 313 27,288 | for the Uruguayan paint market.2 MML, a 

Other? 12 155 23,532 14 167 19,730 | diversified industrial mineral filler, was 

Total 35 1,612 127,373 31 1,277 103,759 contemplating the engine gasket markets 

W Withheld to avoid disclosing company proprietary data; included with **Other.”’ for its anhydrous mineral filler line. 

sncludes Arkansss, California, Georgia, Illinois, New Jersey, and Utah. 
. 

Burma 

The Government expects barite produc- 

TABLE 5 tion to increase from the present total of 

1 about 20,000 tons per year to more than 

CRUSHED AND GROUND BARITE’ SOLD OR USED BY PROCESSORS 40,000 tons per year because of new oil ex- 

IN THE UNITED STATES, BY USE plorations? Barite production is near 

(Thousand metric tons and thousand dollars) Maymyo, Kyaukse, and Taunggyi in Cen- 

So | tral Burma. 
1988 1989 

Use TTT TTT TTT 

Quantity Value Quantity Value China 

Barium chemicals, filler and/or | 

_extender, glass 211 24,346 140 19,470 | A directive issued by The Ministry of 

Well drilling 1,401 103,027 1,137 84,289 | Geology and Mineral Industry called for 

Total 1,612 127,373 1,277 103,759 | greater efforts to locate exportable 

Includes imports. economic mineral reserves in the coastal 

regions.!° Industrial minerals specifically 

targeted include barite. Apparently, 100 

small- and medium-sized mines under con- 

compounds have been largely replaced with | scrap barium metal are no longer reported sideration, largely in rural areas, were cur- 

computer-assisted tomography (CAT) scan- | by the Bureau of the Census. rently being evaluated. 

ners or imaging techniques. Sources of 

medical-grade barite were Belgium- | ———— ~~~ France 

Luxembourg, Canada, France, the Federal | WORLD REVIEW | 

Republic of Germany, and the Netherlands. | TO The Bureau de Recherches et de Par- 

The average c.i.f. value of imports from ticipations Minieres reported a new sulfate 

Canada, Czechoslovakia, and Mexico Capacity | deposit in the Lyon District with the 

ranged from $51 to $314 per ton, suggesting capability of yielding byproduct barite.!! 

that this ground barite is probably destin- | The data in table 13 are rated capacity Preliminary tests were directed toward a 

ed for the domestic filler and/or extender | for mines as of December 31, 1989. Rated 330,000-ton-per-year treatment rate with an 

markets that usually are supplied by U.S. | capacity is defined as the maximum quan- unannounced recovery of both sulfides and 

producers. The continued imports of | tity of product that can be produced on a barite. A joint-venture scheme for financ- 

ground filler- and extender-grade barite in- normally sustainable long-term operating Ing was reportedly under consideration. 

to this mature market will probably cause | rate, based on the physical equipment of Capitalization was in the order of 300 

concern among domestic producers. The } the plant, and given acceptable routine million francs. 

value of imports from other countries, $400 | operating procedures involving labor, 

per ton, indicates that these ground | energy, materials, and maintenance. | Nigeria 

materials are either an ultrahigh-purity | Capacity includes both operating plants and 

filler or a competitively priced | plants temporarily closed, that, in the judg- Milpark Drilling Fluids Inc. started con- 

pharmaceutical-grade material. ment of the author, can be brought into pro- struction of a new barite grinding facility 

Imports for consumption of barium | duction within a short period with at Port Harcourt. The facility was schedul- 

chemicals and unwrought and/or waste and | minimum capital expenditure. ed to be on-stream by midyear. 
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TABLE 6 

U.S. BARIUM CHEMICALS’ PRODUCED AND SOLD OR USED BY PROCESSORS 

1988 1989 

Sold or used by Sold or used by 
Barium chemical Production processors Production processors 

Plants? (metric Quantity Plants? (metric Quantity 

| tons) (metric Value tons) (metric — Value tons) (thousands) tons) (thousands) 

Barium acetate 1 WwW WwW W 1 W WwW W 
| Barium carbonate : 2 | WwW W W 2 WwW W WwW 

Barium chloride 2 W W W 2 W W W 
Barium nitrate — — — — 1 WwW WwW W 
Barium sulfide, gray 1 Ww WwW WwW 1 WwW Ww Ww 
Black ash 1 WwW W WwW 1 W W W 
Blanc fixe 1 W W W 1 W WwW W 

~ Total 3 27,421 27,279 $15,284 2 °30,000 °25,000 °$17,000 
Data reported by plants that consume either barite or precursors are included. 

7A plant producing more than one product is counted only once. 

TABLE 7 | | 
U.S. HYDROCARBON WELL DRILLING AND BARITE CONSUMPTION — 

Barite used Wells drilled (thousands)! Successful Average Average 
Year Or ae D wells depth barite well drilling Oil Gas Ty Total per well — per well 

(metric tons) holes (percent) (feet) (metric tons) 

1969 1,120 14.37 4.08 13.74 32.19 57.3 4,881 38.37 
1970 1,015 13.02 3.84 11.26 28.12 60.0 4,952 39.79 
1971 947 | 11.86 3.83 10.16 25.85 60.7 4,806 40.39 
1972 1,073 11.31 4.93 11.06 27.30 59.5 4,932 43.33 
1973 ‘1,203 9.90 6.39 10.31 26.60 61.2 5,129 49.85 
1974 1,306 12.78 7.24 11.67 31.69 63.2 4,750 45.44 
1975 1,486 16.41 7.58 13.25 37.24 64.4 4,685 43.98 
1976 1,802 17.06 9.09 13.62 39.77 65.7 4,571 49.94 
1977 2,152 18.91 11.38 14.69 44.98 67.3 4,687 | 52.73 
1978 2,388 17.76 12.93 16.25 46.94 65.4 4,829 56.07 
1979 2,692 19.38 14.68 15.75 49.81 68.4 4,791 59.57 
1980 3,071 26.99 15.74 18.09 60.82 70.3 4,675 535.66 
1981 4,106 37.67 17.89 22.97 78.53 70.8 4,602 57.63 
1982 3,672 40.30 18.95 26.55 85.80 69.1 4,616 47.18 
1983 2,402 37.21 15.63 23.49 76.33 69.2 4,268 34.69 
1984 2,445 41.10 15.71 25.23 82.04 69.5 4,246 32.85 
1985 1,852 26.24 10.15 15.97 52.36 69.5 4,658 39.00 
1986 995 15.27 5.53 10.28 31.08 66.9 4,716 35.30 
1987 1,174 12.13 4.97 9.04 26.14 65.4 4,779 49.50 
1988 1,401 10.54 5.54 8.42 24.50 65.6 5,072 63.02 
1989 1,175 7.73 6.16 6.89 20.78 66.8 4,889 36.08 
‘Includes exploratory and development wells; excludes service wells, stratigraphic tests, and core tests. 

Source: American Petroleum Institute. 
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TABLE 8 

| U.S. BARITE MATERIALS IMPORT RATES OF DUTY 

nn 

Tariff item oe Faary 1 2990 Epc? Non-MEN? 
HTSUS! General Special January 1, 1990 

Barite, other (crude) 2511.10.50 1.25 dollars per metric ton Free (A,CA,E,IL) Free 3.94 dollars per metric ton 

Barite, ground 2511.10.10 3.20 dollars per metric ton Free (A,CA,E,IL) Free 7.38 dollars per metric ton 

_ | Barium carbonate 2836.60.00 0.9 cents per kilogram Free (A,E,IL), 0.5 cents (CA) ad valorem Free 3.3 cents per kilogram 

Barium chloride 2827.38.00 4.2% ad valorem Free (A,E,IL) 2.5% (CA) ad valorem Free 28.5% ad valorem 

Barium hydroxide, oxide | 

and peroxide 2816.30.00 2% ad valorem Free (A,E,IL), 0.2 cents (CA) ad valorem Free 10.5% ad valorem | 

Barium nitrate 2834.29.50 3.5% ad valorem Free (A,E,IL) 2.1 (CA) ad valorem Free 10% ad valorem 

Barium sulfate (blanc | 

fixe/precipitated) 2833.27.00 0.4 cents per kilogram Free (A,E,IL), 0.2 cents (CA) ad valorem Free 2.8 cents per kilogram 

Witherite, crude ground 2511.20.00 3.0% ad valorem Free (CA,E,IL) Free 30% ad valorem 

Barium metal 2805.22.20 Free Free Free 25% ad valorem 

1Harmonized tariff schedule of the United States. 

2Least developed developing countries. 

3Most favored nation. 

A - Generalized System of Preferences. . 

CA - United States-Canadaian Free Trade Agreement. 

E - Caribbean Basin Economic Recovery Act. 

. IL - United States Israel Free Trade Area. 

TABLE 9 

: | BARITE PRICE QUOTATIONS 
I II 

Price per short ton! 

Item | 1988 1989 
Barite:? 3 

Chemical, filler, glass grades, f.o.b. shipping point, carlots: 

Handpicked, 95% BaSO,, not over 1% Fe $90.00 — 

Magnetic or flotation, 96% to 98% BaSO,, not over 0.5% Fe 116.00 — 

Waterground, 95% BaSO,, 325 mesh, 50-pound bags | $70.00 - 165.00 — 

Dry-ground: 

Southern, off-color, coarse, bags, carload, f.o.b. mines (per pound) 11 $0.09 

Water grade, white, bags, carload, f.o.b. works (per pound) 13 13 

Unbleached, extra-fine, pigment grade, carload, f.o.b. works 160.00 160.00 

Drilling-mud-grade: 

Dry-ground, 83% to 93% BaSO,, 3% to 12% Fe, specific gravity 4.20 to 4.30, f.o.b. shipping point, carlots 60.00 - 90.00 — 

Crude, imported, specific gravity 4.20 to 4.30, f.o.b. shipping point 40.00 - 55.00 — 

Barium chemicals:3 

Barium carbonate: 

Precipitated, bulk, carlots, freight equalized (per pound) 29 27 

Electronics-grade, bags 510.00 590.00 

Barium chloride: 

Technical crystals, bags, carlots, works 470.00 530.00 

Anhydrous, bags, carlots, same basis 590.00 657.00 

Barium hydrate: Mono, 55-pound bags, carlots, delivered (100 pounds) 46.00 46.00 

Barium sulfate: 

Blanc fixe, technical-grade, bags, carlots 400.00 — 

U.S.P., X-ray diagnosis-grade, powder, 25-kilogram bags, 10,000-kilogram lots (per pound) 59 59 

Barium sulfide (black ash), drums, carlots, works 460.00 460.00 

1Unless otherwise specified. 

2Engineering and Mining Journal. V. 189, No. 4 , Apr. 1989, p. 21. 

3Chemical Marketing Reporter. V. 235 No. 1, Dec. 30, 1989, pp. 26-27. 
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TABLE 10 Oo Pakistan 

U.S. EXPORTS OF NATURAL BARIUM SULFATE (BARITE), BY COUNTRY The Government has allocated two large 
grants to Saindek Integrated Mineral 

1988 1989 Development Project, in Chaghai District, 
Country | ~ Quantity ~ Value "Quantity ==—S~*«S Vad Value Baluchistan, and the other to the 

(metric tons) (thousands) (metric tons) (thousands) Geological Surv ey.!? Future growths in Pro- 
: Argentina. OQ) AQ () $44 33 $11 duction were noted for many industrial 

Barbados. a _ age 63 minerals, including barite. 

Canada 32 61 1,735 347 . . 
| Chile — oe 57 129 | United Kingdom 

Colombia _. 26 132 1,868 248 A new barite deposit at Cluniemore, ap- 
Guinea-Bissau — — 945 109 proximately 8 kilometers north of the Foss 
Italy — = 31 202 Barite Mine, was announced by Magcobar 
Japan 70 311 97 25 Minerals-Eimco, a subsidiary of Dresser 
Mexico — 102 47 258 100 Industries Inc. The new deposit has 

Netherlands — — 20 55 estimated reserves of more than 15 million 
Senegal — — 400 50 tons of barite. The Foss Mine and the new 
United Kingdom — — 18 28 deposit are strategically important to the 

| Venezuela 16 12 3,490 | 184 North Sea offshore drilling efforts that con- 
Other? — — | 59 78 sume 200,000 tons of barite per year. 

Total 246 607 9,709 31,622 | Chinese and Moroccan barites are the main 
‘Less than 1/2 unit. competitors for this market. 
Includes the Dominican Republic, the Federal Republic of Germany, India, and the Republic of South Africa. 

Data do not add to total shown because of independent rounding. —_— ees 

Source: Bureau of the Census. CURRENT RESE ARCH 

TABLE I! An indepth review was published on the 
U.S. IMPORTS FOR CONSUMPTION OF BARITE, BY COUNTRY industrial minerals of Brazil, which in- 

cludes detailed sections on barite, local 
1988 1989 _ | geology, reserves, mineralogy, mining and 

Country Quantity Value! Quantity Value! milling flowsheets, indigenous mining 

(metric tons) (thousands) (metric tons) (thousands) | methods, and markets.!3 The report also 
Crude barite: #2 8  .— | highlighted the Brazilian mining laws and 
-Canadasst—<‘“‘i™SO!O#~™ 4] $3 11,281 $337 | barite production statistics by region and 
Chile 820...” © 25,398 837 28,110 935 State. A noteworthy feature on the in- 

China i asi‘ 755,039 28,274 622,232 25,417 | dividual barite mining companies and their 
“India ssti‘(‘iéSOO!UOUO!!O 215,913 8,438 270,838 10,907 long-term goals was of particular interest. 
Jaan O™~CSSS _ | _ 30 6 | A technical article on drilling for oil and 
"Mexico... 32,021 1,238 11,331 449 | gas inthe U.S. Gulf of Mexico was publish- 
"Morocco... 103,491 4,643 1,228 172 | ed.'* This publication stressed the impor- 
Pew _ _ 42,380 1,541 | tance of the Gulf of Mexico to the U.S. oil 
Thailand SSO _ _ _ and gas production, the geology of deep- 
Other _ _ 23 13 +| Water versus shallow water exploration, and 
‘Total SS™*~—CSSS—C~C*«idi BT, 903 43,438 987,452 39,768 | the structure of the drilling fluids industry 

Ground bate. S*é<“‘CSCSOS*‘<; 37 — ——* = not only in the gulf but also nationally. A 
~ Belgium-Luxembourg 64 98 38 59 highlight of the work was the tables listing | 
Canada 8 863 2.240 7,802 2.455 the minerals used in drilling fluids, their 
China 35 6 _ average consumption rates, technical ra- 
Czechoslovakia” a _ 50 3 tionale for use, and the general classifica- 

Co tion methods for water-, salt-, and oil-base France 646 219 575 172 . ways 
Germany, Federal Republic of 256 119 277 13g | Systems employed in drilling. ; “japan =~=~=~=~=—“—s—SsSSSSS 36 81 7 5 A review of Canadian barite beneticia- 

“Mexico 3 388 515 37,509 1,931 tion schemes was outlined. A map pin- 
Moroceo _ _ _ pointing Canada’s barite mines and tables 
Wetherlans 433 196 304 135 summarizing beneficiation techniques, 
Other —_ | _ principal flotation parameters, collector 
Tol TTT 3,403 DD to concentration data for rougher flotation, 
Sve <<< <<< | reagent facts, and analyses of heads and 
*Data do not add to total shown because of independent rounding. concentrates were features of the publi- 
Source: Bureau of the Census. cation. Brief sections on mineralogy, 
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| TABLE 12 

U.S. IMPORTS FOR CONSUMPTION OF BARIUM CHEMCIALS 

Blanc fixe Barium Barium oxide, 

Lithopone (precipitated | hydroxide, and 
Y barium sulfate) chloride peroxide 

ear —_—_— eee SSS 

Quantity Value! Quantity Value! Quantity Value! Quantity Value! 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1985 NA NA 8,138 $6,295 2,575 $1,125 | 5,178 $3,959 

1986 NA NA 9,479 8,530 1,741 733 4,468 3,960 

1987 NA NA 10,405 8,586 1,795 7715 4,760 4,147 

1988 NA NA 23,326 8,754 4,188 834 8,558 4,109 

1989 NA NA 10,638 8,945 1,477 702 4,644 5,335 

Barium Barium carbonate, . Other barium 

nitrate precipitated compounds | 

Quantity Value! Quantity Value! Quantity Value! 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1985 1,215 $643 11,301 $5,400 1,445 $2,556 | 

1986 1,037 504 10,310 4,809 1,635 3,197 

1987 1,324 579 11,658 5,485 8,566 2,500 

1988 2,754 567 19,209 4,803 2,165 3,439 

1989 1,477 1,012 14,401 8,047 _— _— 

NA Not available. . 

1C.if. value. 

Source: Bureau of the Census. ) 

TABLE 13 only for charge considerations but also for | oil- and gas-exploration industry has not 

U.S. IMPORTS FOR me superconducting mechanism to ensnyed the sieacy economic growth the 
1 nction. ation has enjoyed for the past 8 years. In 

CONSUMPTION OF WITHERITE addition, the uncertainty of alternate fuels 

a as a political solution to national air pollu- 

Year Quantity value | OUTLOOK tion standards has clouded the future of the 
(metric tons) thousands) oil industry. It is anticipated that inroads 

1985 129 $74 Domestic demand for barite is expected of alternate fuels, such as alcohol and 

1986 133 78 to recover slowly at an annual rate of be- | electric-power systems, will be challeng- 
1987 396 144 tween 1% and 2% through 1995. Primary | ed by the belatedly introduced newer and 
1988. +41,213... 253 ~~ =| barite production should approach 500,000 cleaner generation of petroleum products 

1939. —~COSSSSSSSS«~«Ss tons per year by 1995 and the apparent con- by the major oil companies. These two 

Baum uubyue S:«&@S?S Surmpptin of barite in this period should be | Systems, if left to competitive market 

Cif value. in the vicinity of 2.0 million tons. forces, will probably be resolved to the ad- 

Source: Bureau of the Census no longer reports crude and ground The atmosphere for the past 10 years has | vantage of the new generation of petroleum 

witherite separately. seen volatile crude oil prices depress oil- | Products. 
and gas-exploration drilling activity. Lit- 
tle gas and oil reserves have been added to 
the national inventory. Principal drilling BACKGROUND 

gravity concentration, flotation, | areas continue to be offshore rigs in the 

physicochemical considerations for collec- | Gulf of Mexico and California. Most of the Definitions and Specifications 

tors, absorption, and depressant | onshore wells are in the Overthrust Belt in 

mechanisms were noteworthy additions to | Wyoming and the Anadarko Basin in The term “primary barite,’ as used in this 

the barite mineral dressing literature. Oklahoma. Drilling activities in these | report, refers to the first marketable product 

The chemical properties and origin of | areas, however, appear to have focused in | and includes crude barite, flotation concen- 

high-temperature oxide superconductors, | the past few years on the search for gas | trate, and other beneficiated material such 

generally Ba;¥Cu,O,, yttrium barium cop- | reserves at the expense of oil because of | as washer, jig, heavy media, table, or mag- 

per oxide and its analogs, were reviewed.!6 | its economic uncertainties. Recent | netic separation concentrate. Most primary 

This theoretical study reveals the | statistics!” show in the past 3 years, 1987-89, | barite requires fine grinding before it is us- 

dependence of copper-bearing or cuprate | gas-well-drilling footage has increased | ed for drilling muds. This grinding may or 

superconductors on the barium ions not | from about 50% to 80%. The domestic | may not be done at the mine site. 
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TABLE 14 TABLE 15 

WORLD BARITE ANNUAL BARITE: WORLD PRODUCTION, BY COUNTRY’ 

PRODUCTION CAP ACITY, (Metric tons) . 

DECEMBER 31, 1989 a 

(Thousand metric tons) | Country? 1985 1986 1987 1988? 1989° 

$$ | Afghanistan’ 2 2,000 2,000 2,000 2,000 2,000 
- Country Rated capacity! Algeria tstst=—“‘i‘_CS~™S eria 60,000 60,000 °60,000 °60,000 60,000 

Afghanistan 3 Argentina "55,753 58,617 33,462 48,872 40,000 
Algeria 109 Australia 22,423 5,818 10,363 10,970 10,000 

Argentina 64 Belgium® 40,000 40,000 ~ 40,000 35,000 40,000 
Australia 23 Bolivia | 1,282 129, 1,337 _ 6,000 
Austria 1 Brazil 142,575 103,072 102,345 85,287 95,000 
Belgium : 41 Burma‘ 8,100 - 8,149 17,273 13,000 20,000 
Bolivia 2 Canada 71,000 40,000 42,000 51,000 542,000 

Brazil 154 Chile 54,494 53,121 52,109 43,135 40,000 
Burma 9 China® 1,000,000 1,000,000 1,250,000 1,500,000 1,750,000 
Canada 73 Colombia 5,050 4,198 4,189 "4,000 4,000 

Chile 109 Czechoslovakia“ 60,000 60,000 60,000 60,000 60,000 

China 1,633 Egypt 4,426 °4,500 4,116 5,651 5,000 

Colombia 5 Finland 8,690 6,969 11,000 “11,000 10,000 

Czechoslovakia | 64 France 120,800 116,400 104,050 100,000 100,000 

Egypt § | 5 German Democratic Republic® 34,000 34,000 32,000 32,000 30,000 
Finland # | 11 Germany, Federal Republic of 171,269 201,565 173,356  °167,000 160,000 
France © 154 Greece® 3,283 2,305 2,227 2,300 2,300 
German Democratic Republic. 36 Guatemala : 3,703 750 — 2,415 2,000 

Germany, Federal Republic of 204 India 579,742 *44,000 747,000 83 000 85 000 
en Iran 90,000 , , , , 

a ae ; Ireland __ 213,800 127,500 70,000 83,000 85,000 
IndiaS—=<CSsSsS 590 Italy 128,356 "114,132 81,643 85,650 85,500 
lan 181 Japan 76,665 52,848 31,625 . — (5) 
Irland. 181 Kenya 255 420 50 48 50 

Iay ©. 136 Korea, Republic of 2,785 3,778 2,942 2,573 2,800 

Jaan 64 Malaysia 23,394 17,677 38,935 38,766 36,500 | 
Kenya. 5 Mexico 467,693 321,186 401,336 534,954  5566,000 

Korea, North 91 Morocco 500,000 189,881 143,503 321,562 320,000 
Korea, Republicof 4 Pakistan 29,932 39,047 10,031 22,198 20,000 

—— Peru 21,661 9,945 8,354 8,500 8,400 
Malaysia * Philippines — — —_— 349 500 

Mexico o4 Poland 91,000 77,100 73,100 ~=—«°75,000~—S=—«75,000 
Morocco oa Portugal 1,094 120 660 1,720 1,200 
Pakistan 36 Romania® 75,000 75,000 72,000 ~=—S 72,000 ~—=—70,000 
Pero 71 South Africa, Republic of 4,387 8,653 8,617 8,735 8,800 
Philippines 5 ae e eee Spain 67,512 49,100 33,761 20,000 20,000 

Poland 100 Thailand 230,970 142,232 +~—=s«33,370~=Ss«40,587 ~—>—-40,000 
Portugal l Tunisia® 20,000 20,000 514,412 14,000 —«-14,000 
Romania 82 Turkey 220,497 «309,568 +=. 294,481 +~—=«-387,733 460,000 

_ | South Africa, Republic of 9 U.S.S.RS 540,000 540,000 540,000 «540,000 ~—=_ 540,000 
Spam 8 United Kingdom | 107,344 86,754 81,360 76,028 80,000 
Thailand 181 United States’ 670,000 269,000 406,000 404,000 ~—->290,000 
Tunisia 23 Yugoslavia 35,488 18,250 19,270 23,350 22,000 
Turkey 408 Zimbabwe 400 298 191 3,400 3,000 
U.S.S.R. 544 Total "6,066,823 4,708,082 4,704,468 5,480,783 5,712,050 
United Kingdom 91 “Estimated. PPreliminary. ‘Revised. 

United States 1,451 ‘Table includes data available through May 23, 1990. . . a . . 

ver? OEE “In addition to the countries listed, Bulgaria also produces barite, but available information is inadequate to make reliable estimates of 
Yugoslavia 45 output levels. 

Zimbabwe 1 *Data are for fiscal year beginning Mar. 21 of that stated. 
Toal 8,174 Ron are aie year beginning Apr. 1 of that stated. 

‘Includes capacity at operating plants as well as at plants on *Barite concentrates. 

standby basis. 7Sold or used by producers. 
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Barite is the mineralogical name for | tion, easy wettability by oils, and good Barium chloride is used in case- 
barium sulfate and was derived from the | sanding qualities. Unbleached barite may | hardening and heat-treating baths, in 
Greek word “barus,” meaning heavy. In | be substituted for bleached barite when | leather and cloth, in making magnesium 
commerce, the mineral is often referred to | brightness is not a factor. In painting auto- | metal, in preventing scum on brick, in 
as “‘heavy spar” or “‘barytes.” _ | mobiles, barite is used as a filler for the | water treatment, and as a laboratory 

| Specifications for barite vary according | primer coats. The barite contributes to the | reagent. Fused barium chloride may be 
to its different uses. Material for weighting | gloss of the topcoat. When the primers are | electrolyzed to produce barium metal. 
muds must be finely ground, heavy, and | applied by the electrodeposition process, Barium metal is also produced by reduc- 
chemically inert; consequently, barite for | the body structure is dipped into a tank | tion of barium oxide. It is used as a “get- 
this purpose must have a specific gravity | containing water and paint primer. The | ter” to remove traces of gas from vacuum 
of 4.2 or higher, it must be free of soluble | method eliminates one of the primary coats, | tubes. It also is used in alloys for spark 
salts, and 90% to 95% of the material must | thus reducing the quantity of barite used. | plugs and electronic emission elements in 
pass through a 325-mesh screen. A small Barite is also used as a filler or extender | electronic tubes. 
percentage of iron oxide is not objec- | in some plastic and rubber products. Proc- | Barium nitrate is used in green signal 
tionable. In chemical manufacturing, purity | essors of polyurethane foam use barite in | flares, tracer bullets, primers and 
is the principal concern, and a maximum | manufacturing such products as floormats | detonators, and enamels. Barium oxide is | 
of 1% each of ferric oxide (Fe,0;) and | and carpet-backings to increase density and | used in electric furnace ferrous metallurgy 
strontium sulfate (SrSO,) and a trace of | improve processing qualities. Barite is used | to increase the life of acid furnace linings, 
fluorine usually are specified, with a | in white sidewalls for tires; sidewalls con- | to give a quieter and steadier arc, to reduce 
minimum of 94% barium sulfate (BaSO,). | sist mainly of rubber, zinc oxide, and a | the sulfur content of the iron, and to lower 

| If the mineral is to be used in the produc- | small quantity of barite. the slag viscosity. Barium peroxide is 
tion of lithopone, the SrSO, content may Other industries use small quantities of | manufactured from barium oxide. 
be somewhat higher. Mesh size is impor- | barite fillers. In the paper industry, the Barium hydroxide prevents scumming in 
tant to chemical manufacturers; if the | white and dense barite coatings serve as a | ceramics and is used in lubricating oils and 
material is too fine, dust is lost, and if it | base for the sensitized layers in | to recover sugar from molasses by the 
is too coarse, mixing with carbonaceous | photographic prints. In the printing in- | barium saccharate process. Barium titanate 

| material is poor. Most chemical manufac- | dustry, barite is used in inks. finds use in miniature electronic and com- 
turers specify a size range of 4 to 20 mesh; In glassmaking, barite is added to the | munication equipment. 
some purchase lump barite and grind it to | glass melt to flux the heat-insulating froth | 
their own needs. . that forms on the melt surface, thus saving Industry Structure 

Glass manufacturers usually require a | fuel, and to act as an oxidizer and | 
minimum of 95% BaSO, with amaximum | decolorizer, making the glass more | Domestic barite production began in 
of 2.5% silicon dioxide (SiO,) and 0.15% | workable and increasing its brilliance. 1845 in Fauquier County, VA. About 5 
Fe,0;. The particle size range generally Minor uses include ballast for ships, | years later, production was begun in 
preferred is —30 to +140 mesh. Fine | heavy concrete aggregate for radiation | Missouri. In 1880, Tennessee became the 
ground barite can be substituted when | shielding and pipe-weighting in low-lying | third barite-producing State, and 1901 and 
crushed material is not available. areas, and applications in foundries. 1903 saw Georgia and Kentucky, respec- 

Barite is also a raw material for barium | tively, become producers. California came 
) | chemical manufacturing. The major | into production in 1914, Nevada in 1916, and 

Products for Trade and Industry barium chemicals are the carbonate, | Arkansas in 1941. | 
The principal use for barite, as a chloride, oxide, hydroxide, nitrate, perox- Barite’s first use was as a filler in white | — 

weighting material in well drilling muds, ide, and sulfate. paints; however, in 1842, with the advent 
accounted for 90% of total U.S. consump- The most important barium chemical is | of the domestic lithopone (a white pigment 
tion in 1989. Drilling muds have five main precipitated barium carbonate, which is a | composed of a mixture of barium sulfate, 
functions: (1) Transport drill cuttings to the | Taw material for production of many of the | zinc sulfide, and zinc oxide) industry, a se- 
surface, (2) control formation pressures, other compounds. It is also used in brick | cond important market was opened. In 
(3) maintain borehole stability, (4) protect | and tile manufacturing to control scum | 1908, Chicago Copper Refining Co. (now 
producing zones, and (5) cool and lubricate caused by gypsum or magnesium sulfate in | Chicago Copper & Chemical Co.) began 
the bit and drill string. The principal func- the clay and to diminish porosity and pre- | manufacturing barium chemicals at Blue 
tion of the barite constituent is as a | Vent discoloration in brick. Other uses are | Island, IL. The first washers and jigs used 
weighting agent to suppress high formation in television picture tubes, optical glass, | in the industry were installed in Georgia 
pressures and prevent blowouts. As the well ceramic glazes, porcelain enamel, ferrites, | and Tennessee in 1914-16 and in Missouri 
is drilled, the bit passes through various and miscellaneous ceramic products. in 1923-24. A fourth market for barite 
formations, each with different Blanc fixe, chemically precipitated | came into existence in 1916 when a patent 
characteristics. The deeper the hole, the barium sulfate, is used as a white filler in | was obtained on the use of barite as a 
more barite is needed as a percentage of paints, rubber, inks, and other material | weighting agent in rotary drilling muds; to- 
the total mud mix. where a degree of purity higher than | day this is the largest consumer of barite. 

The use of barite as a filler or extender | natural barite is required. Lithopone, | In 1941, the deposit of barite at Malvern, 
and other uses accounted for less than 10% || formerly manufactured in large tonnages | AK, was opened when Magnet Cove 
of total U.S. consumption in 1989. Barite for use as a white pigment in paints, has | Barium Corp. successfully separated barite 
has a high specific gravity, low oil absorp- | been largely replaced by titanium dioxide. | from associated minerals by flotation. In 
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1977, IMCO Services Co. completed a | inches to more than 50 feet, occur in- | near Petersburg in southeastern Alaska. 
multimillion dollar plant at Mountain | terbedded with dark chert and siliceous | The ore is blasted, recovered by a crane 
Springs, NV, that produced barite concen- | siltstone and shale. In most of the deposits, | equipped with a special digging bucket, and 
trate using jigs, concentration tables, and | the barite is laminated. In some areas, | loaded into barges. 

flotation. This combination of beneficiating | barite nodules and rosettes make up a large Barite grinding is usually accomplished 
methods was unique in the barite industry. | part of the beds. Many of the beds contain | by heated airswept Raymond mills; 

50% to 95% barite. Originally it was | however, ball mills are used when iron con- 
Geology thought that these deposits were the result | tamination is not important, as in drilling 

of the replacement of carbonate rocks; | muds. Barite is ground either wet or dry. 
Barite is the only commercial source of | however, current thought is that the | For use in well drilling, barite is ground 

barium and barium compounds. Witherite | deposits are of sedimentary origin. The ac- | dry; if it requires upgrading by flotation, 
| (BaCO,) was formerly produced from the tual environment of deposition has not been | it is ground wet. Also, barite to be bleach- 

Settlingstones Mine in England. Pure barite established, but theories range from sub- | ed for filler use is ground wet; impurities 
has a specific gravity of 4.5. marine volcanic emissions to hydrothermal | are subsequently removed by treatment 

Barite varies considerably in appearance | Solutions to recycling of barite from preex- | with sulfuric acid. The bleached barite pulp 
depending on source and treatment. It is isting rocks. is then settled and separated, washed, 

a moderately soft crystalline material with dried, sized, and bagged. 
a Mohs’ hardness between 3 and 3.5. In | Lechnology | Barite is converted into an intermediate 

residual deposits, it ranges in size from soluble form before its use in the manufac- 
large boulders to fines. Shades of white to Exploration.—In the past two decades, | ture of lithopone. Crushed barite is roasted 

dark gray and black, depending on im- | geological exploration has led to the | with coke in a kiln at about 1,200° C to 
. purities and surficial coating, are common | discovery of bedded barite deposits in | reduce the barium sulfate to the more solu- 

in commercial deposits. Canada, India, Mexico, and the United | ble compound, barium sulfide, common- 
Vein and cavity-filling deposits are those | States. Bedded deposits as yet have not | ly called black ash. The sulfide is leached 

in which barite occurs along faults, joints, been sought in many parts of the world. As | from the clinker with hot water.!® By ad- 
bedding planes, and other solution chan- | the search for barite expands in the com- | ding zinc sulfate to the leach liquor, an in- 
nels or sink structures. These deposits are | ing years, it is likely that more bedded | timate mixture of barium sulfate and zinc 
found most often in limestone. Most of the | deposits will be discovered. sulfide called lithopone is precipitated. 

vein deposits in the Western States are The leach liquor is also a precursor of 
postulated to be of epithermal origin. The Mining.—Residual deposits of barite are | a number of barium chemicals. Addition 
Eastern and Midwestern vein deposits are | generally mined by draglines in open pits | of sodium sulfate precipitates barium 
thought to be of hydrothermal or telether- | after removal of overburden by conven- | sulfate (called blanc fixe). Barium car- 
mal origin. tional methods using elevating scrapers, | bonate is precipitated by either carbonating 

In central Missouri, barite occurs in cir- | trucks, dumpers, bulldozers, and front-end | or adding sodium carbonate to the leach li- 
cular deposits in karst or collapse and sink | loaders. The ore is then beneficiated in | quor. Hydrochloric acid added to the leach 
structures. These ores are rich, but the | washer plants equipped with rotary | liquor produces a solution of barium 
deposits are generally small in overall ex- | breakers, log washers, trommel screens, | chloride. Barium carbonate and barium 
tent. These deposits are also important as | and jigs to separate barite from other | chloride are the starting compounds for the 
the source of the residual ore upon | material. Fine barite in the overflow from | manufacture of many other barium 
weathering. the log washers is recovered by tabling and | chemicals. 

Residual barite deposits are formed by | flotation while the jig concentrate is mag- | 
weathering of preexisting deposits. The | n¢tically separated. ‘Federal Register. International Trade Administration (U.S. 
principal residual deposits are found in Bedded and vein deposits may be mined | Dep. Commerce). Barium Chloride from the People’s 
southeastern Missouri; the Appalachian | by open pit or underground methods Ree aed at Ne ot Nhe ey a pons 

region; Sweetwater, TN; Cartersville, GA; | depending on local conditions. The bedd- | "7" "parium Chloride from the People’s Republic of 
and in the Rio Grande area of Texas. A con- | ¢d deposits of Arkansas have been mined | china; Final Results of Antidumping Duty Administrative 
centration of at least 100 to 300 pounds of | by both methods. The ore is crushed and | Review. V. 54, No. 1, Jan. 3, 1989, pp. 52-53. 

barite per cubic yard is required in a com- | ground for beneficiation by flotation. Bedd- | _*———- Environmental Protection Agency. Barium Sulfate, 
mercial deposit. In Washington County, | ed barite in Nevada is mined by open pit Know. V. 55, No. 29, Feb. 12, 1990, pp. 4879-4882 ner 
MO, the residuum is 10- to 15-feet thick, | methods using a combination of bulldozers | 4 ‘Mine safety and Health Administration (Dep. of 

while in Cartersville, GA, the ore is 150- | With ripping teeth and conventional | Labor). Air Quality, Chemical Substances, and Respiratory 
feet thick in some spots. This form of | blasting. The ore is picked up by front-end | Protection Standards. V. 54, No. 166, Aug. 29, 1989, pp. 

dep osit has been of considerable economic loaders and hauled in dump trucks toa pro- American Petroleum Institute. Quarterly Review of Drill- 

. Significance. cessing plant. In some deposits, the ore is | .,, siatistics for the United States. 4th Quarter 1989, and An- 
The most important commercial deposits of sufficient grade to be either screened and | jual summary 1989. V. 5, No. 4, Feb. 1989, 93 pp. 

are of bedded barite. These are principal- oyeet supped ort washed, crushes sereen "Baker Hughes Inc. 1589 Annual Report, 44 pp. 

ly in Arkansas, California, and Nevada.!8 , and shipped to a grinding plant; ost, insurance, and freight. = 
The barite in these areas is generally dark however, much of the ore requires | Oren Mae ees een oe . oe wee . cess Against All Odds. Ind. Miner. (London). No. 266, Nov. 

gray to black and has a characteristic fetid | beneficiation by jigging or flotation. 1989, pp. 23-69. 
odor when struck with a hammer. The Quantities of barite have been recovered | 5,5. Embassy, Rangoon, Burma. State Dep. Telegram No. 
beds, which vary in thickness from several | by underwater mining off Castle Island | 2409192, Oct. 24, 1989, 8 pp. 
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10Tndustrial Minerals (London). Mineral Notes. China Seeks Coastal | Geology, Univ. of Nevada—Reno, Reno, NV, pp. 89557-90088. Barite. Ch. in B 675, Mineral Facts and Pro- 

Minerals. No. 256, Jan. 1989, p. 53. 19Griffiths, J. Barytes: Non-Drilling Applications. Ind. Min. (Lon- oye 

‘Mining Magazine (London). Major New Projects and Expansion don), No. 177, June 1982, pp. 65-69. blems, 1985 Edition. 

Programmes: Non-Gold-Europe. V. 160, No. 5, May 1989, p. 430. Massone, J. Technology and Uses of Barium and Strontium Compounds. 

2Industrial Minerals (London). Mineral Notes. Pakistan Mineral | Ind. Min. (London), No. 201, June 1984, pp. 21-23. 

Development. No. 256, Jan. 1989, p. 51. Other Sources _. 

13Work cited in footnote 8. : OTHER SOURCES OF INFORMATION Engineering and Mining Journal. 

14Q’Driscoli, M. Drilling in the U.S. Gulf: Cautious Optimism for . . . Industrial Minerals (London 

Muddy Future. Ind. Miner. (London), No. 257, Feb. 1989, pp. 48-61. | Bureau of Mines Publications - ( ) 

15Andrew, P. R. A. and R. K. Collings. Beneficiation of Barite. A - Barite. Ch. in Mineral Commodity Sum- Mining Journal (London). 

Review of Processing Studies at CANMET. Min. Eng., v. 41, No. 6, . ini i i 
Review oe <ssing. ies al in. Eng., v. maries, annual. | Mining Engineering. 

“\6Kitazawa, K. Origin of Physical and Chemical Properties of Oxide Barite. Ch. in Minerals Yearbook, annual. Chemical Marketing Reporter. 
Superconductors. Ceram. Bull., v. 68, No. 4, 1989, pp. 880-882. Barite. Mineral Industry Surveys, annual ad- World Mining. 

17Work cited in footnote 5. - . . 

'sPapke, K. G. Barite in Nevada. Nevada Bureau of Mines and vance summary and annual preliminary, and Industrial Minerals and Rocks, 5th ed., v. 1 

Geology Bull. 98, 1984; available from Nevada Bureau of Mines and supplements. and 2, AIME, 1983. 
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BAUXITE, ALUMINA, 

By Errol D. Sehnke and Patricia A. Plunkert 

Mr. Sehnke is a physical scientist with 16 years industry and Bureau of Mines experience. Domestic survey data for bauxite and 

alumina were prepared by Shonta E. Osborne, mineral data assistant, Nonferrous Metals Data Section; and international data 

tables were prepared by Harold D. Willis and Virginia A. Woodson, International Data Section. 

Ms. Plunkert, a physical scientist with 21 years Bureau of Mines experience, has been the commodity specialist for aluminum 

since 1987. Domestic survey data for aluminum were prepared by Regina R. Coleman, mineral data assistant, Nonferrous Metals 

Data Section; and international data tables were prepared by Audrey D. Wilkes, International Data Section. 

berous aluminum oxide from the list of | mining operations in Alabama, Arkan- 

BAUXITE AND ALUMINA _ toxic chemicals contained in the Super- | sas, and Georgia. At Bauxite, AR, the 

| fund Amendments and Reauthoriza- | Aluminum Co. of America (Alcoa) 

World production of bauxite and | tion Act passed by Congress in October | mined bauxite for use in the manufacture 

alumina rose during 1989 to record | 1986; final removal of the toxic chem- | of proppants for the petroleum industry 

high levels in response to a strong but | ical designation was expected to occur | and processed crude ore at the compa- 

moderating demand for primary alumi- | in early 1990. ny’s local alumina plant to produce spe- 

num metal. Mine production of bauxite The National Defense Stockpile | cialty aluminum oxides and hydroxides. 

was reported from 26 countries. Do- | (NDS) goals for bauxite remained un- | Alcoa announced that its mining and 

mestic consumption of bauxite in- | changed at 21.3 million metric tons of | refining operations in Arkansas were 

creased significantly, with the majority | Jamaica-type and 6.2 million tons of | scheduled for permanent closure in 1990, 

of the increase driven by metal market | Suriname-type metallurgical grade | but that the alumina chemical products 

requirements for primary aluminum. | bauxite. Goals for calcined refractory | production would continue at this loca- 

Within the specialty materials area, | grade and abrasive grade bauxite were | tion using alumina feedstocks from 

consumption of abrasive grade bauxite | 1.4 million and 1 million tons, respec- | other company facilities. Harbison- 

was comparable with 1988 usage, but | tively. The Defense Logistics Agency, | Walker Refractories Div. of Dresser In- 

bauxite consumption by the chemical | manager of the NDS, listed an inven- | dustries Inc. shipped bauxite from 

and refractory industries declined in | tory of 12.7 million tons of Jamaica- | mines in Alabama to its local calcining | — 

1989. Demand for alumina was strong | type and 5.4 million tons of Suriname- | plant and to Carbo Ceramic Co.’s 

but weakened at the end of the year, | type metallurgical grade bauxite. The | proppant plant in Eufaula, AL. Mullite 

easing the tight supply situation that | NDS contained 279,000 tons of cal- | Co. of America (Mulcoa) mined baux- 

had developed in the past several years. | cined refractory grade bauxite and no | ite in Alabama and Georgia, which was 

U.S. production and shipments of cell- | stocks of abrasive grade bauxite at the | shipped to Mulcoa’s processing plant 

grade alumina increased, while spe- | close of 1989. in Andersonville, GA, for the produc- 

cialty alumina production and ship- | tion of refractory materials. 

ments declined sharply during the year. | Production Martin Marietta Corp.’s 635,000- 

Alumina was produced in 25 countries. Bauxite was produced from surface | ton-per-year alumina plant on the Is- 

Legislation and Government TABLE 1 

Programs 

On September 1, 1989, the Environ- SALIENT BAUXITE STATISTICS 

mental Protection Agency (EPA) pre- (Thousand metric tons and thousand dollars) 

sented its final rule on the list of spe- 

cific solid wastes from ore and mineral 1985 1986 1987 1988 1989 

processing that would remain within United States) t—<“—s~=st‘s*~*SCSCS 

the Bevill exclusion amendment to the | ~ proguction: Crude 

Resource Conservation and Recovery ore (dry equivalent) 674 510 576 588 W 

Act (RCRA) as special wastes. Red and Value® 12,855 10,361 10,916 10,566 W 

brown muds generated in the bauxite “Exports (as shipped) —(“‘(cwéwéé~*~*~*C*CW”*~*~*~*~*~«C:*C“<‘C(‘CNSNSC#@R(;(‘(O(N#CCCOC‘#S 

refining process were among five proc- “[mportsfor==2+2+*~”~S~CSCS<S 

essing waste streams that were found to consumption! 7,158 6,456 9,156 9,944 10,666 

satisfy all of the special waste criteria “Consumption (dry. 

for exclusion from regulation as haz- equivalent) 8,206 6,901 9,548 10,074 11,805 

ardous wastes under subtitle C of | World: Production 84,189 87,751 91,724 P97,946 © 105,029 
RCRA. Estimated. "Preliminary. ‘Revised. _W Withheld to avoid disclosing company proprietary data. 

The EPA proposed to delete nonfi- | 'Exctudes calcined bauxite. Includes bauxite imported to the U.S. Virgin Islands. 
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land of St. Croix in the U.S. Virgin TABLE 2 

Islands was purchased in April by Clar- MINE PRODUCTION OF BAUXITE AND SHIPMENTS 
endon pany an. omni yraeing FROM MINES AND PROCESSING PLANTS TO CONSUMERS 
group based in Switzerland. Damage I 
caused by Hurricane Hugo hampered | N THE UNITED STATES 
efforts to restart the facility, which had . (Thousand metric tons and thousand dollars) 

been idle since 1985. The new owners | 
announced that the refinery, renamed , , Shipments from mines and 
Virgin Islands Alumina Ine. (Vialco), | yea, Mime production ____ Processing plants to consumers" 
should be operational in the first quar- Crude Dry Value2 As | Dry Value2 
ter of 1990. —euiivalent Shipped equivalent 

Reynolds Metals Co. announced plans | 1987689, 576 10,916 56 BO 22,173 
to spend approximately $50 million over | 1988 714 588 10,566 770 688 24,703 
the next 2 years to increase the efficiency | 1989 WwW W WwW Ww WwW WwW 
of its 1.7-million-ton-per -year alumina | w Withheld to avoid disclosing company proprietary data. 

plant near Corpus Christi, TX. May exclude some bauxite mixed in clay products. 

Computed from values assigned by producers and from estimates of the Bureau of Mines. 

Consumption and Uses 

A continued strong demand for cell- | 
grade alumina propelled consumption : 
of crude and dried metallurgical grade | — 
bauxite to a level well above that of TABLE 3 
1988. Most of this increase was sup- 

plied from imports. Consumption of PERCENT OF DOMESTIC BAUXITE SHIPMENTS, 
bauxite by the abrasive industries was BY SILICA CONTENT 
essentially unchanged during 1989, 

while consumption by the chemical and | sio, (percent) 1985 1986 1987 1988 1989 
refractory industries decreased for the Lessthan8 74 4.77 J. g3” 
year. About 90% of the bauxite cOn- | From8to1ls 14 #7. J § 
sumed in the United States was refined Morethanis 12. 498. 93.9400 
to alumina, and an estimated average | —2-@$—27  ___JYS]HTS TJ 
of 2.31 tons of dried bauxite was re- 
quired to produce 1 ton of calcined | 
alumina. Twenty-two primary alumi- 
num smelters reported consumption of 

8 million tons of calcined alumina in TABLE 4 
1989. An estimated 97% of the alu- 
mina shipped by U.S. refineries went to PRODUCTION AND SHIPMENTS OF ALUMINA 

domestic primary smelters for metal IN THE UNITED STATES 
production. Consumption in various (Thousand metric tons) 
forms by the abrasives, chemicals, re- 
fractories, and other industries ac- ee 

. ; Total 
counted for the balance of the alumina Year Calcined Other Ts produced Galancg | 

usage. alumina alumina’ ot shipped? equivalent 
Prices | Production: ° 

Contract terms for the purchase of 188 BOD HD 8586S 
metallurgical grade bauxite and cell- | 1986 570 5088208105 
grade alumina in world markets arenot | 19873555 8804884 1S 
normally made public, and, conse- 1988 3,885 1,110 4,995 4,575 
quently, prices for these commodities 1989 4,580 285 4,860 4,670 
are not published by trade journals. | Shipments:¢ 
Price quotes are generally limited to 1985 2,890 760 3,650 3,425 

| certain specialty forms of bauxite and 196 8=©=©)—)—<“<i«~‘OOSDtsti<i<=CSséi‘ézrROCO*~‘CSNONO#*#é#CSBIN”SC*t«‘(‘((’T.OOC3#«CdO’” 
alumina for nonmetallurgical uses. | 1987 3,530 84 +4375. ° 4.2135 

In 1989, the Bureau of Mines esti- 1988 ©4645 °«#«=5)~)6oISSté=<t=~*é‘é™S‘WSOO!O!W™5« 34 
mated the average value of domestic ey 

crude bauxite shipments, f.o.b. mine or CR 

plant, to be $16 per ton. The aver age Data may no! add to totals shown because of independent rounding. 

value of calcined domestic bauxite was * Trihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 

estimated to be $ 132 per ton. Base * Includes only the end product if one type of alumina was produced and used to make another type of alumina. 
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TABLE 5 TABLE 7 

CAPACITIES OF DOMESTIC ALUMINA PLANTS,’ DECEMBER 31 U.S. CONSUMPTION OF CRUDE 

| AND PROCESSED BAUXITE 
(Thousand metric tons) 

(Thousand metric tons, dry equivalent) 

Company and plant 1987 . 1988 1989 

Aluminum Co. of America: Type Domestic Foreign Total 

Bauxite, AR 340 340 340 | ___ CI ONIN 

Point Comfort, TX 1,735 1,735 1,735 | 1988: 
| a aye Crude and 

Total _ 2,075 2,075 2,075 dried Ww w 9,259 

Kaiser Aluminum & Chemical Corp.: | ~~ Calcined and 

ew LA , 795 795 795 activated WwW Ww 815 

rmet Corp.: Burnside, LA —_ 545 . 545 Total 646 46 9,428 428 10.074 0,074 

Reynolds Metals Co.: Corpus Christi, TX 1,700 1,700 1,700 1989. ——SS—= eS. 

Grand total 4,570 5,115 5,115 | “Ggeand 

I Capacity may vary depending on the bauxite used. dried W Ww l l, 104 

Calcined and 

| activated W W 701 

prices quoted by Industrial Minerals | cost factors. Total 540 11,265 11,805 
magazine and independent sources for The average value of domestic cal- | w withheld to avoid disclosing company proprietary data; 
imported calcined refractory grade | cined alumina shipments was estimated | included in “Total.” | 
bauxite were as follows: Chinese, typi- | to be $310 per ton. Trade data released : 

cal 85% alumina (AI,O,), f.o.b. barge, | -by the Bureau of the Census indicated 
Burnside, LA, $90 to $130 per ton; and | the average value of imported calcined | tons in 1989, a continuation of the 

Guyanese, f.o.b. rail car, Baltimore, | alumina was $280 per ton, f.a.s. port of | sharp downward trend recorded in 

MD, or f.o.b. barge, Gulf Coast, | shipment, and $295 per ton, c.i.f. U.S. | 1988. Canada received 15,700 tons; 

$164.28 per ton. Abrasive grade baux- | ports. Mexico, 1,300 tons; and Algeria, 1,000 

ite, minimum 86% AI,O3;, c.i.f. main | tons. U.S. exports of calcined refrac- | 

European port, was priced at $95 to | Foreign Trade tory grade bauxite totaled 12,000 tons 

$108 per ton. Base prices were subject Dried bauxite exports totaled 18,900 | for 1989. Mexico received 8,900 tons | 

to adjustment for various grain-size 
specifications, size of order, and fuel 

TABLE 8 

PRODUCTION AND SHIPMENTS OF SELECTED ALUMINUM SALTS 

TABLE 6 IN THE UNITED STATES IN 1988 

U.S. CONSUMPTION OF 

BAUXITE, BY INDUSTRY Total shipments, including 
| Number of Production interplant transfers 

(Thousand metric tons, dry equivalent) Item producing (thousand Quantity 

plants metric tons) (thousand Value 
i . (thousands) 

Industry Domestic Foreign Total metric tons) 

1988: Aluminum sulfate: 

Alumina '506 '§,.738 8,970 Commercial and , 057 133.007 
Abrasive 2 W W 274 —muiepe ore AO) __# ae roo 

el ron-iree 0 

Chemical NW JN 236 Al,03) 24 125 123 15,547 | 
Refractory 140 690 524 Aluminum chloride: 

Other WW | Liquid and crystal 3 Ww Ww Ww 
___ Total = _—646 9,428 10,074 | Anhydrous (100% 
1989: AICl,) 4 W W W 

Alumina W '10,538 10,782 | Aluminum fluoride, 

Abrasive 2 W W 975 technical 3 W W W 

Chemical W W 223 | Aluminum hydroxide, . 
———__——— ; trihydrate (100% 

__ Refractory _ Ww 71 402 | A1,0,°3H,0) 7 587 662 159,953 
_Other _ Ww __W __ 123 Aluminates 15 61 64 27,603 

Total 540 11,265 11,805 Other aluminum 

W Withheld to avoid disclosing company proprietary data; compounds! NA NA NA 90,337 

included in “Total.” TT 
! Includes “Abrasive.” NA Not available. Ww Withheld to avoid disclosing company proprietary data. 

Includes consumption by Canadian abrasive industry. Includes light aluminum hydroxide, cryolite, etc. 
3 Includes “Chemical” and “Other.” Source: Data are based on Bureau of the Census 1988 Current Industrial Reports, Series MA-28A, “Inorganic Chemicals.” 
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: TABLE 11 | 

| TABLE 9 | AVERAGE VALUE OF U.S. IMPORTS OF CRUDE AND DRIED BAUXITE! | 

STOCKS OF BAUXITE IN THE (Per metric ton) 
UNITED STATES,’ DECEMBER 31 | —————___——eSsSsSSSSSSSsssssSeSeeeeeeeeeee 

1988 1989 

(Thousand metric tons, dry equivalent) Country Port of Delivered to Port of Delivered to 

. shipment U.S. ports | shipment ‘U.S. ports . 
Sector 1988° 1989 | (f.a.s.) (c.i.f.) (f.a.s.) (c.i.f.) 

Producers, processors, To U.S. mainland: 
and consumers 3,021 2,891 Australia $14.75 $22.42 $15.94 $25.37 

Government 18,474 18,474 Brazil | 25.55 33.72 31.22 40.59 

Total 21,495 21,365 Guinea 22.89 29.63 30.85 | 38.62 

"Revised. Guyana 30.53 42.84 30.15 42.06 . 
nome and foreign bauxite; crude, dried, calcined, activated; ‘Jamaica (attt™” 29.25 33.70 26.23 30.82 

Suriname 34.15 48.04 _ — 

| Weighted average 23.90 30.34 26.89 34.44 

TABLE 10 ' Computed from quantity and value data reported to U.S. Customs Service and compiled by the Bureau of the Census, U.S. Department of 
Commerce. Not adjusted for moisture content of bauxite or differences in methods used by importers to determine value of individual 

: hi . . 

STOCKS OF ALUMINA IN THE | 7" 
UNITED STATES,! DECEMBER 31 | | 

(Thousand metric tons, calcined equivalent) TABLE 12 

| ~MARKET QUOTATIONS ON ALUMINA AND ALUMINUM COMPOUNDS 

Sector 1988° 1989 (Per metric ton, in bags, carlots, freight equalized) 

Producers “710 “601 | — 

Primary aluminum plants 1,252 1,346 Compound _ ___Dec. 30, 1988 _ Dec. 29, 1989 
Total e 1,962 e 1,947 Alumina, calcined $418.88 $418.88 

© Estimated. ' Revised. Alumina, hydrated, bulk 209.44 278.88 
' Excludes consumers’ stocks other than those at primary alumi- Alumina, activated, granular, works 905.00 905.00 

lants. OT 
num plants Aluminum sulfate, commercial, ground,(17% AI,O;) 239.20 | 253.53 

| Aluminum sulfate, iron-free, dry (17% AI,O3) 369.27 358.25 

and Canada 1,900 tons. Exports of all Source: Chemical Marketing Reporter. 

other grades of calcined bauxite 

: (chiefly abrasive grade) amounted to : | : : 
12,900 tons for the year. Canada re- TABLE 13 
ceived 8,600 tons and Venezuela 4,200 U.S. EXPORTS OF ALUMINA, ! BY COUNTRY 

tons. Specialty aluminum compounds _ (Thousand metric tons, calcined equivalent, and thousand dollars) 
exported included 940 tons of alumi- | 
a sate 17,200 ons eon mam , a _ 1987 1988 1989 

: ountr ——_———_ — — 
OXIC¢ ca Fasives, an , tons 0 say Quantity Value Quantity Value Quantity Value 
various fluoride-based compounds of | — -——2J____-_- -JWMH#J 

. . . . . Argentina 1 629 - 1 740 1 849 aluminum, including synthetic cryolite — 
and aluminum fluoride Belgium-Luxembourg 2 2,543 3 2,955 a) 5,292 | - 

Imports for consumption of crude Brazil 75 10,789 115 19,780 20 — 6,966 

and dried bauxite increased from 1988 | Canada 575 89,890 509 91,337 942 257,466 
receipts, and the three traditional pri- | France | ] 2,005 I 1,422 3 2,225 
mary suppliers, Guinea, Jamaica, and | Germany, Federal 
Australia, in order of shipments, pro- | _Republic of I 2,989 2 3,372 2 7,216 
vided most of the total. Brazil’s ship- | Ghana 270 38,942 183 27,854 125 22,579 
ments to the United States increased | Japan 24 8,162 20 7,491 23 19,842 
sharply, and it greatly strengthened its | Mexico 150 32,431 175 35,341 150 56,280 

fourth place ranking. Netherlands 2 2,274 3 3,520 8 9,709 
| Sweden ) 106 ?) 323 27 5,634 

. United Kingdom 2 2,134 6 3,448 2 4,471 
World Review EERE EEE 

World production of bauxite and Venezuela ? 1312 ‘ 3,028 ; 21008 nie Procuchh Other 22 13,618 15 "15,495 17 19,388 alumina continued the upward trends | —_ ———— 

. . . . . " Revised. 

six countries mined bauxite In 1989, \ Includes exports of aluminum hydroxide (calcined equivalent) as follows: 1987—18,727 tons; 1988—15,656 tons; and 1989—33,316 tons. 

and the total world production of baux- 5 For 1987, Belgium and Luxembourg combined, data not available to separate; 1988 and 1989 data for Belgium only. 
. enae Less than 1/2 unit. 
ite reached a record 105 million tons, | ‘Data may not add to totals shown because of independent rounding. 

an increase of 7% over 1988 produc- Source: Bureau of the Census. 
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tion. Australia, Guinea, Jamaica, and | tions at Weipa, Queensland, operated | year of abrasive grade product, trial 
Brazil, in order of volume, accounted | at full annual rated capacity during the | shipments of cement grade, chemical 
for 70% of the total bauxite mined | year and produced about 9.7 million | grade, and trihydrate bauxite were 
during the year. The corresponding | tons of bauxite. Comalco announced made to markets in the United States 
world output of alumina rose to nearly | that, in addition to the main produc- | and Europe. The Queensland Alumina 
39 million tons, also a new production | tion based on standard metallurgical | Ltd. alumina plant at Gladstone re- 
record, and was 6% greater than the | grade bauxite and about 250,000 tons a | ported that it was expanding its capac- 
1988 production level. Three countries, 
Australia, the U.S.S.R., and the United 

States, contributed nearly 50% of the TABLE 15 
total world production. | U.S. IMPORTS FOR CONSUMPTION OF CALCINED BAUXITE, 

| BY COUNTRY | 

TABLE 14 (Thousand metric tons and thousand dollars) 

U.S. IMPORTS FOR Sg ggg 
CONSUMPTION OF BAUXITE, — TTTTTTeeeeeeoa=l=O=>S aS 

CRUDE AND DRIED, ! Country Refractory grade Other grade Refractory grade Other grade 

BY COUNTRY Quantity Value’ Quantity Value! Quantity Value! Quantity Value! 

Australia — — 20 1,788 — — 8 570 

(Thousand metric tons) China 103 6,696 152 8,765 176 10,044 147 8,218 
a Guinea — — _ — — — 114 3,036 
_ Country 198719881989 | Guyana 98 12,948 15 836 74 10,871 96 3,449 
Australia 1,167 1,612 1,535 Malaysia _ _ __ _ _ _ _ 113 1,073 

Brazil _ 451 792 1,373 | Suriname 5 175 _ _ _ _ _ _ 
China 5 20 69 | Other ?) 15 () 7 5 292 26 1,233 
Dominican Total? 206 «19,834 «188 11,396 254 = 21,207 505 17,579 Republic 70 33 ee. Ooo: 

a Value at foreign port of shipment as reported to U.S. Customs Service. 

Ghana 36 — — | ?Less than 1/2 unit. 

Guinea 4, 256 4,526 3,390 3 Data may not add to totals shown because of independent rounding. 

Guyana 244 225 379 Source: Bureau of the Census. 

Indonesia — 39 306 

Jamaica? 2,799 2,654 3,330 

Malaysia 23 12 59 TABLE 16 

Sierra Leone _ 29 167 U.S. IMPORTS FOR CONSUMPTION OF ALUMINA,! BY COUNTRY 

Suriname 104 3 — (Thousand metric tons, calcined equivalent, and thousand dollars) 
Other _— = ___ 58 

Total? 9,156 9,944 10,666 coum TB 
includes mae imported to the U.S. Virgin Islands from ountry Quantity Value2 Quantity Value2 Quantity Value2 

Dry equivalent of shipments to the United States. Australia 3,361 431,041 3,532 562,479 3,603 915,113 
Data may not add to totals shown because of independent Brazil 25 4,977 65 15,574 44 21,465 

Note: Total U.S. imports of crude and dried bauxite (including Canada 59 25,078 91 39,241 154 69,711 
the U.S. Virgin Islands) as reported by the Bureau of the Census | France 7 13,825 6 14,740 5 13,369 
were as follows: 1987—9,827,818 tons; 1988—10,498,913 tons; Germany, Federal _ 

and 1989— 11,346, 182 tons. Republic of 14 20,922 20 27,328 20 30,576 
Source: Bureau of the Census and The Jamaican Bauxite Institute. TTT 

Guinea 13 2,484 — — — — 

India — — 719 1,761 36 8,916 

Capacity.—A slight increase in the | Israel 25 3,612 — — — — 
annual rated capacity of plants produc- | {taly 0 3,037 ?) 783 (°) 386 
ing alumina helped to alleviate the | Jamaica 90 13,107 201 47,890 217 92,144 
shortages of cell-grade alumina re- Jaan OS™ 6 6,688 7 8,503 8 13,109 

quired for the production of primary | ¢ ioame 324 40,568 417 77,124 209 52,124 
o_o, that had developed in recent Veneucla il 13,936 507 34,286 ' 136 

Other 13 2,586 8 22,142 15 11,075 

Australia.—In 1989, the world’s larg- Total 4 4,068 581,864 4,634 851,851 4,311 1,228,123 

est bauxite and alumina producing coun- , Includes imports of aluminum hydroxide. 
. . Value at foreign port of shipment as reported to U.S. Customs Service. 

try achieved new production records for | 3, c than 1/2 unit. 
the seventh consecutive year. “Data may not add to totals shown because of independent rounding. 

The Comalco Ltd. mining opera- Source: Bureau of the Census. 
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ity from 3 million to 3.3 million tons | that construction had also commenced | Reynolds International Inc., a wholly 
per year of alumina by “sweetening” | on a 60,000-ton-per-year production | owned subsidiary of Reynolds Metals, 
the refining process with trihydrate | capacity rotary calciner near the Jari | reported the signing of an agreement to 
bauxite from Comalco’s Weipa opera- | River port of Munguba, and the plant | mine and market bauxite from deposits | _ 
tions, the sole source of the refinery’s | was expected to be operational in early | at Aroaima in the Berbice region of 

bauxite feed. | 1990. Guyana. | | | 

The Gove bauxite-alumina project in Companhia Brasileira de Aluminio | Norway’s Hydro Aluminium and 
the Northern Territories, managed by | (CBA) announced that the new alu- | Kaiser Aluminum & Chemical Corp. of 

Nabalco Pty. Ltd., produced 6 million | mina and aluminum plants it was in- | the United States reportedly partici- 

tons of bauxite and 1.45 million tons of | stalling near its existing complex at | pated in a feasibility study conducted 

alumina in 1989. Participants in this | Sorocaba, in Sado Paulo State, would | for the state-owned Bauxite Industry 
project released plans to increase the | utilize bauxite supplied by the compa- | Development Corp. to determine what 

alumina plant capacity at Gove by | ny’s 850,000-ton-per-year Pogos de | would be required to reopen the Linden 

150,000 tons per year. Caldas mines in Minas Gerais. CBA | alumina plant that had been closed 

Alcoa of Australia Ltd. announced | indicated that it planned to rely on the | since 1982. It was reported that an 

that it planned to proceed with the | newly discovered bauxite reserves near | estimated $106 million would be re- 
second stage of its Wagerup alumina | Cataguazes in Rio de Janeiro State to | quired to restart the idled refinery. 
plant expansion in Western Australia. | supply the Sorocaba operations follow- The U.S. firm Green Mining Inc. an- 
The 630,000-ton expansion would dou- | ing the depletion of the ore reserves at | nounced that it began work under an 
ble the capacity at the refinery and was | Pocos de Caldas. | 18-month contract with the Government 

part of a two-stage program to increase : to remove 1.3 million cubic meters of 

the total alumina output at Alcoa’s Canada.—Alcan Aluminium Ltd. | overburden and mine approximately 

three Australian refineries (Wagerup, | announced that a solar drying method | 800,000 tons of metallurgical grade baux- 

Kwinana, and Pinjarra) from 5.5 mil- | of red-mud disposal was introduced at | ite at Linden. Green Mining reported 
lion to 6.1 million tons per year. _ its Vaudreuil alumina plant in Quebec | that it had delivered its first shipment of 
The U.S. International Trade Com- | to provide a more environmentally | bauxite to Guymine in mid-September. 

mission determined on March 21, 1989, | compatible method for handling these At yearend, Alcan Aluminium an- 

under Section 735(b) of the Tariff Act | mineral processing wastes. nounced the signing of an agreement to 

of 1930, that U.S. industry was not | study the feasibility of renovating Guy- 

materially injured or threatened with Germany, Federal Republic of.—In | ana’s bauxite production and market- 

material injury by imports of calcined | mid-1989, Vereinigte Aluminium-Werke | ing operations at Linden. 
proppants from Australia that were | AG (VAW) announced its withdrawal 

found to have been sold in the United | from tabular alumina production in the India.—Bharat Aluminium Com- 

States at less than fair market value.” | Federal Republic of Germany. pany announced the closure of its baux- 

| | ite mining project in the Gandhamard- 

| Brazil.—Mineracao Rio do Norte Guinea.—Compagnie des Bauxites | han Hills, Orissa State, because of 

S.A. (MRN), the world’s third-largest | de Guinée (CBG) produced about 11.2 | strong environmental opposition by the 

bauxite producer and exporter, re- | million tons of the total bauxite mined. | local population. Heightened environ- 

ported it had begun an expansion pro- | CBG reportedly achieved this produc- | mental awareness prompted the Indian 

gram at its Trombetas mining operation | tion despite infrastructure problems | State-owned National Aluminium Co. 

in Para State that would increase mine | due to working beyond normal rated | to publicize the environmental preser- 

capacity from 6.5 million to 8.5 million | capacity. vation and restoration programs devel- 

tons per year. MRN indicated that the Hydro Aluminium A/S of Norway | oped for their bauxite mining areas. 

main focus of this program was the | announced that it bought a 20% share 

transfer of its existing ore-crushing and | in Frialco, the 51% owner of the baux- Italy.—Clarendon Ltd. reportedly 

-washing facilities to sites within the | ite and alumina company, Frigua. The | bought an 18% interest in Eurallumina 

proximity of active mine workings, plus | new shareholder structure for Frialco | SpA the owner-operator of the 720,000- 

the construction of a new system for | was reported as follows: Pechiney 30%, | ton-per-year alumina plant at Porto 

tailings thickening and disposal. Noranda 30%, Alcan 20%, and Hydro | Veseme, Sardinia. This reduced the share 

The state-owned mining company | 20%. of ownership held by the State-owned 

Cia. Vale do Rio Doce announced prep- A modernization project, financed | Allumina SpA from 62.5% to 52.1% 

aration of a feasibility study for a new | by the European Community, was re- | and that of the Australian-owned Co- 

bauxite mining operation at Jabuti in the | portedly started by Frigua at its Kimbo | malco from 37.5% to 29.9%. 

Paragominas region of Para State. bauxite-alumina complex. 

Mineracao Santa Lucrecia S.A. Jamaica.—The Alumina Partners of 

(MSL) indicated that the new refrac- Guyana.—The decline in bauxite pro- | Jamaica (Alpart) alumina plant at Nain, 

tory bauxite beneficiation plant it was | duction recorded for 1989 was partially | owned by Kaiser Aluminum (65%) and 

installing at its Caracuru mine in the | due toa 7-week strike by bauxite work- | Hydro Aluminium (35%), restarted op- 

Almeirim district of Para State would | ers at the state-owned Guyana Mining | erations in April after being closed since 

have a capacity of 200,000 tons per year | Enterprise Ltd. (Guymine). 1985. 
of green bauxite product. MSL stated The Government of Guyana and Plans to increase the capacity of the 
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Jamalco alumina plant in central Ja- | _ TABLE 17 
maica, jointly owned by the Govern- | © BAUXITE: WORLD PRODUCTION, BY COUNTRY'* 
ment and Alcoa, were reportedly de- : 
layed by technical problems following a (Thousand metric tons) | | 
strike and 2-week shutdown in July and 

| August. Country | = 1985 1986 1987 1988P 1989° 

Australia | 31,839 — 32,384 34,102 ~ 36,192 * 38,583 

Suriname.—The Suriname Alumi- | prazil 5,846 6,544 6,567 7,728 8,500 
num Co. mining operations at Moengo | Chinaé tt~S 1,650 1,650 2,400 3,500 4,000 
reportedly experienced a brief shut- Dominican Republic? _ _ 11 106 2464 

| down in October due to civil strife and France.” | , 
. . . rance 1,530 1,379 1,271 878 800 

ethnic violence associated with the con- | ——-———-~_____- 
tinuing political conflict and insurgent “Repub receral (+) (+) _ _ a 

rebel action that had troubled the coun- Ghana 170 296 530 300 2375 
try in recent years. oo 

Greece 2,453 2,230 2,472 ©2,400 2,400 

Sweden.—On March 27, 1989, the | Guinea®® 11,790 —:13,300 13,500 15,600 216,523 

U.S. International Trade Commission | Guyana®  *1, 675 2,074 2,785 1,774 *1,281 
determined there was no reasonable | Hungary 2,815 3,022 3,101 2,593 2,700 
indication that U.S. industry was mate- | India 2,281 2,322 2,736 3,961 * 4,768 
rially injured or threatened by imports | Indonesia 830 650 635 513 2 862 
of dry aluminum sulfate from Sweden | Italy — — 17 17 17 
that had been allegedly sold within the | Jamaica? © 6,239 6,944 7,660 7,408 29 395 
United States at less than fair value.? Malaysia t—t™S 492 566 482 361 350 

Mozambique 5 4 5 7 26 
Venezuela.—The U.S. Department | 5>|....7 | 2 

Pakistan 2 3 3 2 2 
of Commerce reported on October 18, | ——_.~-__LL- 2 
1989, that aluminum sulfate imports Romanian “ a “0 on 5 38 
from Venezuela had been subsidized | Settbeone BS 1,246 1,390 1,379 1,500 
and sold in the United States at less | Spam 2 3 | | 2 3 
than fair market value.* In December, | Suriname 3,738 3,731 2,522 3,434 *3,530 
the U.S. International Trade Adminis- | Turkey 214 280 247 269 345 
tration determined that U.S. industry | US.S.R.°’ 4,600 | 4,600 4,600 4,600 4,600 

was materially injured by the imports | United States? 674 510 576 588 WwW 
of aluminum sulfate from Venezuela | Venezuela _ — 217 700 2760 
and these imports were liable for as- | Yugoslavia” 3,538 3,459 3,394 3.034 23 952 
sessment of antidumping and counter- | FibapweSOttCSTN 1 24 _ _ _ 

vailing duties. Total 84,189 87,751 91,724 97,946 105,029 
Current Res earch mate een le theeen june 13. 1980. to avoid disclosing company proprietary data; not included in “Total.” 

Exploratory research by the Bureau of | ?Reported figure. 
Mines on high-temperature structural oe ees tulatent of erude ore 
mater lals for new and emerging technol- > Dry bauxite equivalent of ore processed by drying plant. 

ogies demonstrated that hard, dense aut Processed er conversion to alumina in famaica Pius Kiln-dried or prepared for enpor . « atun; 

composite materials can be produced | 7 sion ot bani port in he Bay on a ee ae 
from metallic nitrides such as titanium or 1987—1,660; 1988—1,640; and 1989—1,600 (estimated). Estimated alunite ore production was as follows, in thousand metric tons: 

Zirconium when combined with alumina 1985—615; 1986—620; 1987—625; 1988—625; and 1989—600. Nepheline syenite concentrate grades 25% to 30% alumina, and alunite 

(ALOs) and aluminum nitride (AIN). Of | Seate concentrate equals 055 ton of bautte and lion of shunieequls OMtooitanite 
these nitrides, titanium nitride (TiN) has 

shown the best results for meeting the 
high-performance demands placed upon | ite material called “alumina-enhanced | trial usage in kilns, furnaces, heat en- 
this new class of advanced materials, and | thermal barrier” (AETB) that extends | gines, and other applications for which 
investigations have been conducted to | the high-temperature capability of in- | lightweight and high operating temper- 
characterize the physical properties of | sulating materials.’ This improved fi- | ature are major requisites. 
various combinations of ceramic partic- | berous ceramic tile material had a com- An improved method for the removal 
ulate composites made from the system | position of 14% aluminoborosilicate | of iron from Bayer process solutions 
TiN-Al,0,-AIN.° fibers, 66% silica fibers, and 20% alu- | was developed for mixed gibbistic- 

The Ames Research Center of the | mina fibers. Although it was intended | boehmitic or boehmitic bauxites.® The 
National Aeronautics and Space Ad- | primarily for use in the heat shield of | removal of the iron oxide was achieved 
ministration reported the development | the Space Shuttle orbiter, the new ma- | by passing the pregnant alumina plant 
of a rigid, fiberous refractory compos- | terial had obvious potential for indus- | liquors through a bed of activated sand 
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(washed and heated coarse red mud) TABLE 19 

that had a high iron oxide content, ALUMINA: WORLD PRODUCTION,! BY COUNTRY” 
which promoted precipitation of iron | 
from the solution. (Thousand metric tons) 

Outlook Country 1985 1986 1987 1988P 1989° 

Known world bauxite reserves are | Australia 8,792 9,423 10,109 10,518 310,800 

sufficient to meet cumulative world de- | Brazil 1,096 1,258 1,326 ©1,300 1,600 
mand well into the 21st century. Con- Canada 1,019 1,015 953 993 1,400 

sidering the ng probabaty of eiscov- China®tttCS~S 825 825 1,200 1.500 1,440 

assuming reasonable energy costs, the | cZ=toso@kia® 78 "70 7 7 "3 
a . ° 7 7 | 

added possibility of using lower grade ————— 76 40 m 63 60 
. . : erman Democratic bauxite deposits and other alternative Republic 47 46 5] 6A 60 

sources of alumina, world resources of Germany, Federal 

aluminum are adequate to meet de- | Reoublic of 1,657 1,560 1,313 1,145 1,200 
mand for the foreseeable future. a 

. . Greece 380 470 518 514 521 
As the costs of imported bauxite and Gunaa 572 556 543 500 617 

alumina increase, alternate domestic | ———————__—— 
sources of alumina may appear to be- | Hungary 138 - 856 . 858. 873 870 

| | India | 587 586 650 1,188 31,419 

. | Treland 555 686 784 843 — 865 

TABLE 18 , Italy 555 618 700 708 - 700 

: | | Jamaica 1,622 1,586 1,572 1,522 32,221 

WORLD ANNUAL ALUMINA Japan 978 607 358 415 3466 
CAPACITY, BY COUNTRY Romania 548 555 584 ~—s—ité«S80 550 

(Thousand metric tons) Spain * 725 748 801 “800 880 
Suriname‘ 1,242 1,471 1,363 1,632 31,567 

| Country 1987 1988 1989 | Turkey 113 144 95 182 200 
| Australia 9,750 10,000 10,850 | U.S.S.R.* 3,500 3,500 3,500 3,500 3,500 

Brazil | 1,150 1,150 1,555 | United Kingdom 110 “110 110 “110 110 

Canada 1,225 1,225 1,140 | United States‘ 3,465 3,105 4,150 34,575 4,670 

China 850 1,300 1,500 | Venezuela © 1,085 1,269 1,381 “1,350 1,241 

Czechoslovakia 100 100 100 | Yugoslavia 1,138 1,117 1,113 1,051 1,168 

France 1,040 1,040 700 | Total 32,220 32,921 34,818 36,561 38,700 
German Democratic ‘Estimated. ? Preliminary. ‘ Revised. 

Republi c 65 60 60 ' Figures represent calcined alumina or the total of calcined alumina plus the calcined equivalent of hydrate, when available; exceptions, 

SEER if known, are noted. 

Germany, Federal Table includes data available through June 13, 1990. 
Republic of 1,745 1,745 1,380 | ?Reported figure. 

ee 4 
Greece 500 500 600 Hydrate. 

| Guinea 700 700 700 

Guyana 355 355 300 ; ; ; ; 

Hungary 920 920 929 | Come economically more attractive. On and Europe, to the bauxite-producing 
India ~~~ *~*675~=C«‘2«C00.S«*. 5800 the other hand, high fuel prices tend to | countries of the world. Imports of pri- 

OO make nonbauxitic materials less compet- | mary aluminum metal from countries 
Ireland 800 800 900 | ... . . . 
lay SCi 790 790 itive because the processes for treating | with low electrical energy costs and 

ay | alternate materials require considerably | secondary production from recycled 
Jamaica 2,825) 3,100 2,950 | more energy than Bayer-processed baux- | aluminum was likely to be used in 
Japan TS 550 500 | ite. It therefore appears evident that non- | ever-increasing proportions to meet the 
Romania 540 540 540 | bauxitic sources of aluminum would be- | domestic demand for aluminum. 
Spain 800 800 1,000 | come viable only within the context of a 

Suriname 1,350 1,350 1,400 | prolonged national emergency or inter- | — == 
Turkey 200 200 200 | national embargo extending over a pe- | ALUMINUM 

U.S.S.R. 4,600 4,600 4,600 | Tod of several years. OT 
United Kingdom —«'1220 120 120 In the future, the structure of the 

United States. -—~<«;«CSTO.-«*SAS. S15 aluminum industry was expected to see Most primary aluminum smelters 
—— a continued shift of alumina produc- | operated close to and, in some cases, 
Venezuela 1,000 1,300 1,300 . eaeue . oe . 
VusosavigBBSSt«i;GBS«*S700 tion facilities from the aluminum- above rated capacities during the year. 
aNeOstavIaA PP NDP _ 3?" | producing industrial countries with | Exports of aluminum in 1989 increased 

—_Total 39,410 40,925 42,300 | high energy costs, in North America | significantly for the second successive 
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year to a level that was more than twice | under the United States-Canada Free- | line at its smelter in West Virginia, 
that of 1986. A record 49.4 billion used | Trade Agreement Implementation Act | raising the rated capacity of the plant 
beverage cans (UBC) were recycled in | of 1988. These lists included some ar- | to 166,000 tons per year. This potline 
1989, equivalent to more than 60% of | ticles of aluminum for which accelera- | had been shut down since April 1981. 
the aluminum can shipments for the | tion of tariff elimination had been re- Alumax and the United Steelworkers 
year. Prices decreased during the year | quested in petitions submitted either to | of America (USWA) completed early 
as world supply and demand came into | the Government of the United States or | contract negotiations covering workers 
a more balanced position. World pro- | to the Government of Canada.'° at the Frederick, MD, and Ferndale, 

duction of primary: aluminum ap- | WA, smelters. In March, a new con- | 
proached a record 18 million tons for | Production tract, scheduled to expire on October 1, 
the year. 1992, was signed by workers at the 

| Primary.—Domestic primary alumi- | Frederick, MD, smelter, replacing the 
Legislation and Government num production was the highest annual | previous contract, which was set to 
Programs production level since 1984. Most | expire on October 24, 1990. In Novem- 

| The U.S. Department of Transporta- | smelters operated at or above their | ber, workers at the Ferndale, WA, plant 
tion issued a notice of proposed rule- | rated capacity levels during the year. ratified a new 3-year contract that was 
making to regulate materials that are In September, a power outage, | scheduled to expire on September 30, 
transported at elevated temperatures. | caused by Hurricane Hugo, damaged | 1993. The new Ferndale smelter con- 
The proposed changes to the Hazard- | the Alumax Inc. 181,000-ton-per-year | tract replaced the previous contract that 
ous Materials Regulations (49 CFR | primary aluminum smelter in Mount | was scheduled to expire at the end of 

171-179) would communicate the haz- | Holly, SC. The outage froze metal in | September 1990. 
ards of these elevated temperature ma- | the smelter potlines, but company offi- In April, Alcan Aluminum Corp. 
terials by means of marking, shipping | cials reported that structural damage to | and the Aluminum, Brick, and Glass 

| papers, and placarding, and would pre- | the plant was not extensive. The com- | Workers International Union (ABG- 
scribe package requirements. Molten | pany estimated that it would be 20 | WIU) announced the ratification and 
aluminum was one of the materials that | weeks before full production could be | signing of a new labor contract cover- 
would be’ covered by these proposed | resumed at the plant. However, by the | ing workers at the Sebree, KY, smelter. 
changes.” end of the year, a full 10 weeks ahead | This contract took effect immediately 

The Office of the U.S. Trade Repre- | of schedule, the company announced | and replaced the previous contract that 
sentative published lists of materials | that repairs had been completed and | was not scheduled to expire until Octo- 
that were under consideration for nego- | the plant was back in full production. | ber 28. The new contract reportedly 
tiations. with the Canadian Govern- Ravenswood Aluminum Corp. an- | included an initial pay increase of 
ment for accelerated tariff elimination | nounced plans to restart a fourth pot- | 4.25%, plus increases of 3.5% in 1990, 

and 3% in 1991. Additional cash bo- 
nuses were also reported to be included 

TABLE 20 in this new contract that was scheduled 
to expire on October 28, 1992. 

SALIENT ALUMINUM STATISTICS Workers at Noranda Aluminum 

(Thousand metric tons and thousand dollars unless otherwise specified) Inc.’s New Madrid, MO, smelter 
walked off their jobs on September 1, 

_ ss '7r'7RS!!~C«*R6SO*~*«~‘“‘«é«~aSNRBTCO#*«‘(‘(CUéC#C®’COW OCL9890~—~ after the previous labor contract ex- 
United Suis) pired. The company reported that pro- 

TTT duction levels at the plant would be 
Primary production 3,500 3,037 3,343 3,944 4,030 . . : 
a _— | maintained by salaried personnel. 
__ Value 6,249,614 5,422,993 5,328,300 9,572,066 7,801,086 | While negotiations continued between | 

Price: Average cents per the USWA and management, workers 
— pound returned to their jobs in December 
_ US. producerfist BNO 8 CUNATCUNA CNA | without ratifying a new contract. 
___US. market (spot) 48-8 55972387. Alcan Aluminum announced the 

Secondary recovery 1,762 1,773 1,986 2,122 2,054 purchase of Jarl Extrusions Inc., a 

| Exports (crude and maker of custom aluminum extrusions. 
__semicrudey OB i SRT AT sit 613 | Jarl reportedly operated five presses 
aos On (crude and a remelt, billet casting center at 

and semicrude) 1,420 1,967 1,850 1,620 1,470 | Elizabethton, TN, and two presses at 
Aluminum industry its facility in Franklin, NH. - 

shipments? 6,382 6,545 6,813 6,851 6,857 | _ Alcan Rolled Products Co., a divi- 
“Consumption, apparent __—<S,174_—=—«'S,143——=S=«'SM69—~—*S,373_——_a959 | SiON OF Alcan Aluminum, aunounetl 
World: Production 15,398 15,613 16,385 717,608 *17.980 | Tye ‘Oswego, NY. The $175-million 
1 potimated. 1 Preiminay “Revised. NA Not available program was reported to include a 
2 Shipped to domestic industry. modernization of the hot rolling mill, a 
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. , TABLE 21 
new melting and casting center, a oo 
pusher furnace-preheat facility, a high- PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY 
speed precision slitting line, and a new |. IN THE UNITED STATES, BY COMPANY | 
roll grinder. a So ) | : | 

Alcan Aluminum also announced | Yearend capacity — . 
plans to construct an aluminum cable Company (thousand metric tons) © 1989 Ownership (percent) 

plant in Roseburg, OR. The plant re- 1988 1989 
portedly would be completed by 1991 | Ajican Aluminum Corp.: } 

and would produce transmission and | ~ sebree, KY 163 163 Alcan Aluminium Ltd., 100%. 
| distribution conductor cable as well as | (oO === | | 

aluminum building wir Arman te 
Kai Al . g - d vl Ferndale, WA (Intalco) 254 254 AMAX Inc., 75%; Mitsui & Co., 

alser uminum announce Pp ans 11%; Toyo Sash 7%; Yoshida 
to build an aluminum forgings plant in Kogya K.K., 7%. | 

Greenwood, SC. The company re- | Frederick, MD (Eastalco) 160 160 Do. 
ported that it would enlarge an existing | ~ Mount Holly, SC 181 181 | AMAX, 73%; Clarendon Ltd., 
building on the site and would produce 27%. : 

_ aluminum forgings primarily for the Total 595 595 
automouve mare. Kaiser ee Aluminum Co. of America: ——<— = | 

expected production to begin by the Alcoa, TN 200 200 Aluminum Co. of America, 
end of the year. 100%. 

aa wes rporied the pur- | Badin,NC =—<“—t:CS™sSSC—CSdYS 115 Do. | 
enase 0 on uctor Products Inc., a Evansville, IN (Warrick) 270 270 Do. 
cable plant in Marshall, TX. The plant | —27—__11___ 

: Massena, NY 127 127 Do. 
manufactured overhead cable and insu- | ————2—______- 310 31 D 
lated underground cable products. _Rockdale, TX 0 °. 

Reynolds Metals also announced plans | _Wenatchee, WAL 205205 Do. 
for a $30 million expansion and modern- Total 1,227 1,227 | 
ization of aluminum plate capacity at its | Columbia Aluminum Corp.: 
McCook, IL, rolling mill. The company Goldendale, WA 168 168 Columbia Aluminum Corp., 

- anticipated that the 2-year program, 70%; employees, 30%. 
which targeted larger shares of the air- | Columbia Falls Aluminum Co.: 
craft and aerospace markets, would in- Columbia Falls, MT | 163 163 Montana Aluminum Investors 

crease aluminum plate capacity by 16% Corp., 100%. 
to 80 million pounds per year and in- | Kaiser Aluminum & Chemical Corp.: 

crease machining capacity for wing skins Mead, WA (Spokane) 200 200 = _MAXXAM Inc., 100%. 

by 50%. Tacoma, WA 73 73 Do. 

Logan Aluminum Inc. announced a Total 273 - 273 

ma) Or two-stage expansion program for National-Southwire Aluminum Co.: 

its aluminum can stock mill in Logan, Hawesville, KY 172 172 National Steel Corp., 50%; 
KY, that would double the plant’s ca- Southwire Co., 50%. 

7 pacity. The first phase of the program | Noranda Aluminum Inc.: 

included a 90-inch high-speed cold | “New Madrid, MO 204 204. Noranda Mines Ltd., 100%. 
mill, a coating line, a slitting line, two | [> _s>—V 
ingot preheat furnaces, and an ingot Northwest Aluminum Compe: 

i. P Th d h 7 The Dalles, OR 82 82 Martin Marietta Corp., 87.2%; 

sca per. © second phase Teporte y private interests, 12.8%. 
‘included another cold mill plus a | —OW7———— 

. Ormet Corp.: 
fourth stand added to the hot mill. | ——M—Y—_____ a . 

. . Hannibal, OH 245 245 Ohio River Associates Inc., 
Logan Aluminum was jointly owned by 100% 
Atlantic Richfield Co. (Arco) and Al- | >... 
can Aluminum Ravenswood Aluminum Corp.:" 

. i, ; WV 110 166 ich Partners Inc., 100%. 
Columbia Aluminum Corp., which Sata c _ 10 __166 __Stanwich Partners Inc ° 

owns a primary aluminum smelter in | Reynolds MetalsCo: 5 Mictals 0." 
Goldendale, WA, announced several ac- Longview, WA 204 204 Reynolds Metals Co., 100%. 

quisitions of fabrication facilities. Co- Massena, NY 123 123 Do. 
lumbia Aluminum reported the purchase Troutdale, OR 121 121 Do. 

of an extrusion plant in Rockwall, TX, Total | 448 448 

from Alumax; extrusion facilities in City | Vanalco Inc:: | 

of Industry, CA, and City of Commerce, Vancouver, WA 110 110 Vanalco Inc., 100%. 
CA, from Indal Ltd.; and an extrusion Grand total | 3.960 4,016 

plant In Modesto, CA, from Pacific Alu- ' Northwest Aluminum Corp. signed a lease-purchase agreement for The Dalles smelter with Martin Marietta Corp. in 1986. 

minum Corp. ? Purchased from MAXXAM Inc. in Dec. 1988. 
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VAW of America Inc. reported the | tries Inc. announced the sale of its | nated the use of salt fluxes employed in 

purchase of Easco Corp.’s aluminum | secondary smelter in Steele, AL, to conventional treatment methods. The 

extrusion plant in Phoenix, AZ. The | Legett & Platt Inc., a producer of | process reportedly used plasma-torch 

plant produced extrusions and pipes | aluminum die-cast components for the technology provided by Plasma Energy 

for the construction, building prod- | home furnishing industry. In Decem- | Corp. of Raleigh, NC. Alcan Alumin- 

ucts, and consumer goods markets. | ber, Apex International Alloys Co., a | ium announced that the company 

National Intergroup Inc. (NIJ), the | secondary aluminum smelter in Cleve- | would begin industrial-scale testing of 

parent company of National Alumi- | land, OH, reported that the company this process at its plant in Jonquiere, 

num Corp., announced the sale of its | had filed under Chapter 11 of the U.S. | Quebec, in 1990. | 

aluminum rolling and extrusions divi- | Bankruptcy Code. — 

sions. NII reported that Noranda had American Recovery Technology Sys- Consumption 

| purchased a foil rolling mill in New- | tems Inc. announced the completion of The container and packaging indus- 

port, AR; a light-gauge foil mill in | a closed-loop system for recycling sec- | try remained the largest domestic con- 

Salisbury, NC; and some laminating | ondary aluminum dross and salt cakes. | sumer of aluminum products. The Can 

facilities in Ohio and Massachusetts. | Capacity of the system was reported to | Manufacturers Institute reported that 

R. D. Werner announced the purchase | be 6 million pounds per month. The | about 83 billion aluminum beverage 

of NII’s custom extrusion plant in An- | company said that the facility was de- | cans were shipped in 1989, representing 

niston, AL. signed to recover the salt flux and | almost 97% of the total metal beverage 

produce an exothermic flux for use by | can shipments. 

Secondary.—According to a survey | the steel industry and remelt secondary Reynolds Metals announced plans to 

conducted by the Aluminum Associa- | ingot producers. begin commercial marketing of alumi- 

tion, the Institute of Scrap Recycling Metal Mark Inc. announced plans to | num composite panels for use by the 

Industries, and the Can Manufacturers | startup an aluminum dross processing | architectural industry. The panel com- 

Institute, a record 49.4 billion alumi- | plant late next year. The new company, | bined a solid thermoplastic compound 

num UBC’s were recycled in 1989, sur- | to be located near Chicago Heights, IL, | core with two sheets of aluminum. The 

passing by almost 7 billion the number | and to be named Columbia Aluminum panel reportedly was intended to serve 

of UBC’s recovered in 1988. The per- | Recycling Ltd., would reportedly be- | a wide range of architectural applica- 

centage of aluminum cans recycled in | come the fifth plant owned by Metal | tions, including designs where fire resis- 

the United States increased from 54.6% | Mark. | tance was critical. The panel, called 

of aluminum cans shipped in 1988 to | Alcan Aluminium reported the de- | Reynobond, would be produced at the 

60.8% of can shipments in 1989. velopment of a process for recycling | company’s architectural products plant 

Alcan Aluminum announced the | aluminum dross that reportedly elimi- | in Eastman, GA. 

opening of its new UBC recycling plant | 
in Berea, KY. The company anticipated : 

that the production from the 120,000- TABLE 22 

ton-per-year plant would be sent to the 

company’s can sheet rolling mills in U.S. CONSUMPTION OF AND RECOVERY FROM 

Henderson, KY, and Oswego, NY. PURCHASED NEW AND OLD ALUMINUM SCRAP,’ BY CLASS 

International Mill Service Inc. (IMS) (Metric tons) 

reported that its UBC recycling plant in 

Hauser, ID, was operational. The plant | Calculated recovery 
. . alculated recovery 

reportedly had the capacity to convert Class Consumption Aluminum Metallic 

at least 80 million pounds of UBC’s | ——WH—YVWHs____ 

and 40 million pounds of aluminum 2 | 

scrap per year into secondary metal, | Secondary smelters 0 871,484 725,881 781,813 

which could then be transported to | Primary producers 1,025,107 860,494 921,725 

Kaiser Aluminum’s rolling facility in | Fabricators 229,868 200,978 214,988 

nearby Trentwood, WA. In addition, | Foundries 71,499 59,297 63,755 

the IMS plant reportedly had the capa- | Chemical producers 36,854 36,854 36,854 

bility of processing 50 million pounds | Total 2,234,812 1,883,504 2,019,135 

of aluminum dross annually. Estimated full industry coverage 2,348,000 1,979,000 - 2,122,000 
Golden Aluminum Co. announced |= —————Sggg—(a !ti(isistsS ——<=' —='=' — 

plans to tine. ‘Nin S oovntonia Secondary smelters” 804,995 666,212 716,581 

TX. The plant reportedly would con. | Piimaty producers 1,027.485 661,153 922,621 
vert UBC’s into 200 million pounds per Fabricators 222,456 195,910 209,422 

year of beverage can body stock. Foundries 83,024 67,581 72,842 

Secondary Aluminum Smelters Inc. | Chemical producers 36,019 __ 36,019 __ 36,019 

announced the opening of a new 36- Total 2,173,989 1,826,875 1,957,485 

million-pound-per-year secondary smelt- | Estimated full industry coverage 2,280,000 1,908,000 2,054,000 

er in Chattanooga, TN. Culp Indus- | 'Exctudes recovery from other than aluminum-base scrap. 
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TABLE 23 

U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW 
| AND OLD ALUMINUM SCRAP! AND SWEATED PIG IN 1989 

(Metric tons) 

Class of consumer and type of scrap Stocks, Jan. 1° Net receipts * Consumption Stocks, Dec. 31 

Secondary smelters: 

New scrap: . 

Solids | 36,556 125,781 156,300 6,037 

Borings and turnings 4,551 119,472 119,155 4,868 

Dross and skimmings 2,396 20,808 21,574 1,630 

Other? 5,347 84,836 87,865 2,318 

Total 48,850 350,897 384,894 14,853 

Old scrap: OO a OO OO 
Castings, sheet, clippings 15,450 244,310 246,723 13,037 
Aluminum-copper radiators 1,083 8,523 9,061 545 
Aluminum cans | 3,897 4107,015 *109,401 1,511 
Other ° 1,085 33,519 34,309 295, 
Total 21,515 393,367 399,494 15,388 

Sweated pig 2,352 19,723 20,607 | 1,468 | 

Total secondary smelters 72,717 763,987 804,995 31,709 

Primary producers, foundries, fabricators, chemical plants: CO a Oo OO 

New scrap: a 

Solids 15,132 476,764 479,678 12,218 

Borings and turnings 204 32,075 32,136 143 

Dross and skimmings | 1,012 10,036 9,389 1,659 
| Other? 3,595 158,580 158,849 3,326 

Total 19,943 677,455 680,052 17,346 

Old scrap: CO SO a OO 

Castings, sheet, clippings 1,296 120,767 120,911 1,152 

Aluminum-copper radiators 39 1,411 1,396 54 

Aluminum cans 18,182 $61,127 $42,157 37,152 

Other > 1,474 — 1,474 — 

Total 20,991 683,305 665,938 38,358 

Sweated pig 1,154 22,601 23,004 751 

Total primary producers, etc. | 42,088 1,383,361 1,368,994 56,455 

All scrap consumed: CO ae OO 

New scrap: 

Solids 51,688 602,545 635,978 18,255 

Borings and turnings 4,755 151,547 151,291 5,011 

Dross and skimmings 3,408 30,844 30,963 3,289 

Other 8,942 243,416 246,714 5,644 

Total new scrap 68,793 1,028,352 1,064,946 32,199 

Old scrap: OO OO OO OO 

Castings, sheet, clippings 16,746 365,077 367,634 14,189 

Aluminum-copper radiators 1,122 9,934 10,457 599 

Aluminum cans 22,079 668,142 651,558 38,663 

Other 2,559 33,519 35,783 295 

Total old scrap 42,506 1,076,672 1,065,432 53,746 

Sweated pig 3,506 42,324 43,611 2,219 

Total of all scrap consumed 114,805. 2,147,348 — 2,173,989 _ 88,164 
" Revised. 

' Includes imported scrap. According to reporting companies, 6.04% of total receipts of aluminum-base scrap, or 129,795 metric tons, 
was received on toll arrangements. 

2 Includes inventory adjustment. 

3 Includes data on foil, can stock clippings, and other miscellaneous. 

4 Used beverage cans toll treated for primary producers are included in secondary smelter tabulation. 
> Includes municipal wastes (includes litter) and fragmentized scrap (auto shredder). 
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TABLE 24 

PRODUCTION AND SHIPMENTS OF SECONDARY ALUMINUM ALLOYS BY 
INDEPENDENT SMELTERS IN THE UNITED STATES 

(Metric tons) 

1988 , 1989 

Production Net shipments! Production Net shipments! 

Die-cast alloys: 

13% Si, 360, etc. (0.6% Cu, maximum) 107,626 108,475 97,970 97 305 

380 and variations 326,011 323,698 348,160 349,471 

Sand and permanent mold: 

95/5 Al-Si, 356, etc. (0.6% Cu, maximum) 19,063 18,849 18,451 | 18,850 

No. 12 and variations W W W W 

No. 319 and variations 53,971 53,921 60,542 60,068 

F-132 alloy and variations 6,945 6,781 6,826 6,763 

Al-Mg alloys 224 222 49 — 68 

Al-Zn alloys 2,390 2,296 1,913 2,170 

Al-Si alloys (0.6% to 2.0% Cu) | 6,933 6,737 9,710 9,837 

Al-Cu alloys (1.5% Si, maximum) 1,189 1,176 350 449 

Al-Si-Cu-Ni alloys | 933 943 1,121 1,123 

Other 3,672 3,626 1,209 1,237 

Wrought alloys: Extrusion billets 108,052 108,052 126,482 124,714 

Miscellaneous: 

Steel deoxidation | 8,605 8,903 7,967 7,994 

Pure (97.0% Al) . — — — — 

Aluminum-base hardeners 1,904 1,933 1,813 1,777 

Other? 44,307 43,318 31,091 31,226 © 

Total 691,825 688,930 713,654 713,052 

Less consumption of materials other than scrap: | 

Primary aluminum 46,939 — 55,731 — 

Primary silicon 38,344 — 36,981 — 

Other 5,405 — 3,536 — 

Net metallic recovery from aluminum scrap and sweated pig 

consumed in production of secondary aluminum ingot? 601,137 XX | 617,406 XX 

' Includes inventory adjustment. 

2 Includes other die-cast alloys and other miscellaneous. 

3No allowance made for melt-loss of primary aluminum and alloying ingredients. 

Topy Corp., which has been manufac- | Stocks balanced position. The London Metal 
turing steel wheels since 1986, an- Inventories of aluminum ingot, mill | Exchange (LME) and New York Com- 
nounced the completion of a new man- | products, and scrap at reduction and | modity Exchange (COMEX) prices for 
ufacturing facility for aluminum wheels. | other processing plants, as reported by | aluminum futures followed the same 
The new facility reportedly would have | the U.S. Department of Commerce, | general trend as the U.S. market prices. 
an annual production capacity of | decreased from the revised figure of | In January 1989, the LME changed the 
800,000 units. Topy was the U.S. subsid- | about 1.88 million tons at yearend 1988 | basis of its price quotes for aluminum 
lary of Topy Industries Ltd. of Japan. to about 1.82 million tons at yearend | ingot from standard-grade (99.5%- 

A-Mold Corp., a newly established | 1989. pure aluminum) to high-grade (99.7%- 
U.S. subsidiary of Ube Industries Ltd. pure aluminum). This change more ac- 
of Japan, announced plans to con- curately reflects the material traded in 
struct an aluminum wheel manufactur- | Prices the world market. 
ing plant in Mason, OH. The company The monthly average U.S. market The following table summarizes var- 
expected the plant to have an annual | price for primary aluminum ingot | ious average monthly and annual alu- 
production capacity of 1 million units | trended downward during the year as | minum prices during the year, in cents 
and to be completed in 1991. supply and demand came into a more | per pound: 
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LME .__iCiUS. US. Secondary aluminum ingot prices, as 

COMEX I COME 21 _COMEX 3 (cash) market transaction | quoted by AMM, also followed a 

1988: Annual — : downward trend. The yearend price 

average 111.13 106.57 88.13 7115.88 110.09 112.24 ranges for selected secondary alumi- 

1989: a CO num ingots were as follows: Alloy 380 

) January 106.91 107.67 94.23 108.75 107.73 108.89 (1% zinc content), 73 to 76 cents per 

February 96.32 97.40 89.61 99.02 99.58 100.95 | pound; alloy 360 (0.6% copper con- 

March «9S 93.05 84.06 94.06 95.78 97.53 | tent) and alloy 413 (0.6% copper con- 
April = st—=~<CS~Ss=«S 710 93.70 85.90 96.42 96.38 97.61 | tent), 78 to 80 cents per pound; and 

May 97.15 96.27 88.76 102.48 97.80 99.18 | alloy 319, 76 to 78 cents per pound. 
June ~~ WTA 86.34 81.82 86.83 87.66 89.30 Changes in aluminum metal prices 
== 2 from 1850-1988 and a brief analysis of 
Judy 82.55 80.78 77.85 79.65 80.40 81.45 the factors that influenced the changes 

_August 81.28 80.78 79.07 81.57 81.37 82.34 | were included in a Bureau of Mines 
September 78.23 78.18 76.75 77.92 78.30 79.05 report on nonferrous metal prices.’ 

October 79.23 78.64 78.43 82.56 79.76 80.30 | 

November 76.16 75.70 75.85 78.75 75.81 76.25 | 

December 72.85 73.30 73.98 74.08 73.56 74.22 Foreign Trade 
Annual For the third consecutive year, ex- 

average 87.10 86.82 82.19 88.51 87.84 88.92 ports of all forms of aluminum from 

' COMEX delivery positions: 1-within 1 month; 2-within 3 months; and 3-within 12 months. the United States increased substan- 

* Average for 11 months. | tially from those of the previous year. 

Source: Metals Week. | Total exports in 1989 were more than 

| double those of 1986. Japan and Can- 
ada continued to be the major recipi- 

Purchase prices for aluminum scrap, | cent-per-pound level by the end of the | ents of U.S. aluminum materials in 

as quoted by the American Metal Mar- | year. 1989. Japan received three-fourths of 

ket (AMM), also decreased during the Prices for UBC’s fluctuated during | the U.S. exports of crude metal and 

year. The purchase price for mixed low- | the year but also followed a general | about one-half of the total exports of 

copper-content aluminum clips, which | downward trend. Aluminum produc- | aluminum materials during the year. 

began the year near 80 cents per pound, | ers’ buying prices for processed and | Exports of UBC’s, which were included 

closed at a low 50-cent-per-pound level. | delivered UBC’s decreased from a | in the scrap category, totaled 17,354 

Purchase prices for old sheet and cast | range of 74 to 77 cents per pound in | tons in 1989, more than 4 times the 

aluminum, as well as clean, dry, alumi- | late January and early March to a price | quantity exported in 1988. Japan con- 

num turnings, decreased from the mid | range of 50 to 53 cents per pound at the | tinued to be the principal destination of 

60-cent-per-pound level to a mid 40- | end of the year. UBC’s exported, accounting for more 

than one-half of the total in 1989. 
| Imports for consumption of alumi- | — 

TABLE 25 num decreased slightly compared with 

U.S. APPARENT ALUMINUM SUPPLY AND CONSUMPTION those of 1988. Canada remained the 
major shipping country to the United 

(Thousand metric tons) States, supplying three-fourths of the 
Ss ttotal US. imports in 1989. 

1985 1986 1987 1988° 1989 U.S. tariff rates in effect in 1989 for 
Primary production 3,500 3,037 3,343 3,944 4,030 | selected aluminum products from 

Change in stocks:' Aluminum countries with most-favored-nation sta- 

industry +312 + 108 + 341 +11 +61 | tus were as follows: 

Imports 1,420 1,967 1,850 1,620 1,470 

Secondary recovery: ” 

New scrap 912 989 1,134 1,077 1,043 HTS Import 

Old scrap __ 850 784 852 1,045 1,011 tem No. duty 
Total supply 6,994 6,885 7,520 7,697 7,615 | Unwrought 

Less total exports 908 753 917 1,247 1,613 (Gn coils) 7601.10.30 + 6% ad 
Apparent aluminum supply valorem. 

available for domestic 7601.20.30 Do. 

manufacturing 6,086 6,132 6,603 6,450 6,002 § oD 
oO Unwrought 

Apparent consumption ° 5,174 5,143 5,469 5,373 4,959 | (other than 

Revised. Si-Al alloys) 7601.10.60 Free 

' Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks. 7601.20.90 Do. 

; Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry coverage. . Wate 

Apparent aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure of consumption 

in manufactured end products). and scrap 7602.00.00 Free. 
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| TABLE 26 -. TABLE 29 

DISTRIBUTION OF END-USE SHIPMENTS OF ALUMINUM PRODUCTS TARIFF CODES FOR 
IN THE UNITED STATES, BY INDUSTRY | | U.S. EXPORTS OF ALUMINUM 

1987 , 1988 1989° Material 1988 1989 

indutry Ground ae (hewsand ok owend ok | ee SS 
( metric grand metric grand metric grand eas and alloys, 618.0300 7601.10.0000 

| tons) total tons) total ~ tons) total a rn " —— 

Containessand ) 618.0630 7601.20.9030 
| packaging 2,052 27.8 2,036 26.7 2,104 26.6 618.0670 7601.20.9045 

Building and a 618.4500 7601.20.9500 
construction 1,441 | 19.5 1,316 17.2 1,296 16.4 Plates, sheets, 

Transportation | 1,500 20.3 1,536 20.1 1,515 | 19.1 bars, etc.: 

Electrical 620 8.4 671 8.8 679 8.6 Plates, sheets, 
Consumer durables 576 1.8 588 17 554 70 bars, strips, etc. 618.1520 7604.10.1000 

Machinery and | 618.1540 7604.10.3010 

equipment 401 5.4 435 5.7 443 5.6 618.1700 7604.10.3050 

Other markets 223 3.1 269 3.5 266 3.3 618.2810 7604.10.5030 

Total to domestic 618.2830 7604.10.5060 
users 6,813 92.3 6,851 89.7 6,857 86.6 618.2850 7604.21.0000 

Exports 569 1.7 787 10.3 — 1,060 13.4 618.2870 7604.29.1000 

Grand total 7,382 — 100.0 7,638 100.0 7,917 100.0 618.2890  7604.29.3010 

P Preliminary. 1604.29.3050 

Source: The Aluminum Association Inc. 71604.29.5030 

| ~ 7604.29.5060 

| | 7606.11 .3030 

| | | | 7606. 11.3060 

| | TABLE 27 | TABLE 28 | 7606. 11.6000 

U.S. NET SHIPMENTS! DISTRIBUTION OF | 1606. 12.3030 

OF ALUMINUM WROUGHT WROUGHT PRODUCTS 7606. 12,3070 

| AND CAST PRODUCTS, IN THE UNITED STATES | 7606. 12.6000 

BY PRODUCERS (Percent) | 7606.91 .0010 

~ 7606.91 .0050 

(Metric tons) a | | 7606.91 .0070 
eR 7606.91 .0090 

1988 1989P Sheet, plate, foil: 7606.92.0010 

Wrought products: Nonheat-treatable 58.4 58.2 7606.92.0050 

Sheet, plate, foil 3,779,789 3,899,451 Heat-treatable 3.9 3.9 71606.92.0070 

Rod, bar, pipe, Foil 7.3 7.1 

tube, and shapes___1,336,657 1,280,301 | Roa, bar, pipe, tube, shapes: Sean ga 

_Rod, wire, cable 334,118 338,888 | Rod and bar (rolled and forgings 657.4320 7616.90.0060 
F Greling extruded) ET 2) 657.4342 7616.90.0070 
impacts) 75,264 71,724 YP any tube (extruded and 530O Semifabricated 

Powder, flake, Extruded change 187 191 forms, nec, | 618.4620 7608.10.0030 

paste 40,941 42,369 | —TBSSE Siapes 618.4640 7608.10.0090 

Total 5,566,769 5,632,733 | Ro Wie, cable: 618.4900 7608.20.0030 
Castings: ———— Ss | _Rodand bar wire ° 688.3600  7608.20.0090 

Sand 115,351 na | —Cable and insulated wire 3.9.3 688.3710  7609.00,0000 
Permanent mold 201,334 na | Forgings (including impacts) = 1-2 1-3| Scrap 618.1020 7601.20.9075 
Die 699,897 na | Powder flake, paste TB 618.1060 7602.00.0030 
Other 37,934 na | —lotal 0.01000 618.1080  7602.00.0090 

Total 1,054,516 1,095,508 | muminary: ‘Revised. Foil and leaf 644.0720 7607.11.3000 
Gran dtotal 6,621,285 6,728,241 Source: U.S. Department of Commerce. 644.0740 7607.11.6000 

P Preliminary. NA Not available. 7607.11.9000 

'Net shipments derived by subtracting the sum of producers’ 1607.19.0000 

domestic receipts of each mill shape from the domestic industry’s ——__————_,,vx \X” 0 2 ww 

gross shipments of that shape. See footnotes at end of table. 

Source: U.S. Department of Commerce. 
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TABLE 29—Continued a normally sustainable long-term oper- | the Boyne Island smelter at Gladstone 
TARIFF CODES FOR ating rate, based on the physical equip- | to Austria Metall AG. 

U.S. EXPORTS OF ALUMINUM ment of the plant and given acceptable Tomago Aluminium Co. Pty. Ltd. 
routine operating procedures for labor, | announced that it was investigating the 

TT gg s*:sC CTBY, materials, and maintenance. possibility of constructing a third pot- 
Material Tsus) Ts? Capacity includes both operating line at its 230,000-ton-per-year smelter | 

| splants and plants temporarily closed | in New South Wales that would in- 
Powders and flakes 618.4000 = 7603.10.0000 | that, in the judgment of the author, can | crease capacity to 360,000 tons per 

618.4200 _7603.20.0000 | be brought into production within a | year. Startup of the additional potline 
Wire and cable 618.2100 7605.11.0030 | short period of time with minimum | reportedly depended on the signing of a 

| 7605.11.0090 | capital expenditure. _ | power contract with the New South 
7605.19.0000 Greenfield smelter expansions were | Wales Electricity Commission. 
7605.21.0030 | planned for areas of the world that had Comalco announced that a prefeasi- 
7605.21.0099 | low energy and/or labor costs, most | bility study for a 198,000-ton-per-year 
7605.29.0000 | Notably Canada and the Persian Gulf | expansion at the Boyne Island smelter 

T Tani? Schedules oF the United SlaissAmnoucanSSCCtCtsté‘Y*C. had been completed. Comalco report- 

2 Harmonized Tariff System of the United States. edly was investigating the possible pur- 
Source: Bureau of the Census. Algeria.—A Dubai-based consor- | chase of the Gladstone power station to 

tium, Industrial Development Corp. of | ensure the power required for the 
| | Dubai, and the Algerian Public National | planned expansion. | 

| On January 1, 1989, the Harmonized | Enterprise announced plans to build a 
Tariff System went into effect. This sys- | 220,000-ton-per-year smelter and related Bahrain.—Kaiser Aluminum §$an- | 
tem was designed to bring the trade | facilities, including a powerplant and | nounced the sale of its 17% interest in 
classifications used in the United States | port, on the western coast of Algeria. | Aluminium Bahrain (Alba) to the Gov- 
closer to those used in the rest of the | Work on the facility, to be named Me- | ernment of Bahrain. The sale increased 
world. Tables 29 and 32 provide listings | dial, was expected to start in late 1990 | the Government’s share in the 205,000- 
of the tariff codes used by the Bureau of | and take 3 years to complete. Members | ton-per-year primary smelter to 75%. 
Mines to prepare trade data before Jan- | of the consortium were reported to be | Alba also announced expansion plans 
uary 1 and those that were used under | Caradel Investments Inc., George Wim- | for the smelter that would increase 
the new Harmonized System. pey Plc., Asea Brown Boveri, and the | capacity to 460,0000 tons per year by 

Marc Rich organization. 1992. 
World Review 

World aluminum demand slowed Australia.—Kaiser Aluminium an- Brazil.—Reynolds Metals announced 
from levels reached during the past few | nounced the sale of its 20% interest in | the sale of all but a 35% interest in 

years but remained strong. Inventories 
in market economy countries increased 
slightly over last year’s levels but re- TABLE 30 
mained at historically low levels. Many U.S. EXPORTS OF ALUMINUM, BY CL ASS! 

of the world’s producers of aluminum 
continued to operate their primary | —@—@-@-—@-@- ———— 

:; 1988 1989 
smelters at or near rated capacity levels. ee 

Primary aluminum inventories held Class Quantity Value Quantity Value 
by members of the International Pri- metric tons) (thousands) __ (metric tons) _ (thousands) 
mary Aluminium Institute (IPAI), | CtUdeandsemicrude: 
which represent the bulk of stocks held | _Metals and alloys, crude 400,057 $925,572 593,048 $1,260,638 
outside the centrally planned economy | __S¢rap 486,615 774,277 574,170 767,573 
countries, increased slightly from 1.482 Plates, sheets, bars, strip, 
million tons at yearend 1988 to 1.576 | ete” 334,395 995,767 416,241 1,195,015 
million tons at yearend 1989. IPAI re- Castings and forgings _ 16,964 111,168 20,480 128,975 

ported that total metal inventories, in- Semifabricated forms, n.e.c. 9,306 50,669 9,368 55,075 

cluding secondary aluminum, in- Total 1,247,337 2,857,453 1,613,307 3,407,276 

creased from 3.085 million tons at | Manufactures: TT 

yearend 1988 to 3.231 million tons at | Foil and leaf 52,307 78,912 39,334 73,708 
yearend 1989. Powders and flakes 4,445 19,472 3,262 15,949 

. Wire and cable 4,160 15,823 4,553 19,087 
Capacity.—The data in table 35 are | “737 OSS—C GR D—S—“‘“~*~«sKOTs—“‘<‘<CS«CKTS«C:C*«‘“C«*«‘iC TN 

rated annual capacity for plants pro- ——Grandtoal—t—“‘sSOS™*”*;*;*CTSCSORS«=«O«CTOTLOGD «= 660,456 «= 3.516,020 

ducing primary aluminum metal as Of | er ofthe implementation of he Harmonized Tarif System beginning in Jan, 1989, export categorie for 1988 ar at necessarily December 31 for the years Shown. | comparable with those in 1989. eee 
Rated capacity 1S defined as the maxi- 2 Includes “strip” with plates, sheets, bars, etc. in 1989. 

mum quantity that can be produced ON | Source: Bureau of the Census. 
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TABLE 31 

U.S. EXPORTS OF ALUMINUM, BY COUNTRY 

Metals and Plates, sheets, Scrap Total 

Country alloys, crude bars, etc. | , | 

Quantity Value Quantity Value Quantity Value - Quantity Value 

(metric tons) (thousands) (metrictons) (thousands) (metrictons) (thousands) (metrictons) (thousands) 

1988: ; 

Belgium 5,243 $13,541 809 $4,253 4,06 4 $7,332 10,146 $25,126 

Brazil 252 573 1,884 11,958 74: 924 2,882 13,455 

Canada 29,756 83,720 210,524 607,678 30,689 33,306 270,969 724,704 

Colombia 199 574 1,929 5,095 47 86 2,175 5,755 

Dominican Republic 372 773 389 957 12 11 773 1,741 

France 176 707 1,923 16,059 12,814 22,628 14,913 39,394 

Germany, Federal 
Republic of 1,227 5,087 4,437 23,923 4,280 6,360 9,944 35,370 

Hong Kong 1,023 2,078 11,513 31,940 922 1,496 13,458 35,514 

Italy 77 281 2,611 © 18,470 8,575 11,711 11,263 30,462 

Japan : 303,120 673,326 15,281 62,234 268,846 441,645 $87,247 1,177,205 

Korea, Republic of 10,108 25,197 17,532 57,582 35,663 75,627 63,303 158,406 | 

Mexico iw 13,966 32,038 31,176 86,608 29,859 37,703 75,001 156,349 

Netherlands 10,434 26,966 2,957 . 13,801 13,150 26,980 26,541 67,747 

Panama 82 836 605 1,756 193 439 880 3,031 

_ Singapore 10,328 25,175 642 9,829 1,705 3,718 | 12,675 38,722 

Spain 24 78 1,170 6,040 330 482 1,524 6,600 

Taiwan 7,054 16,762 8,903 28,006 65,823 87,946. . 81,780 132,714 

Trinidad? 163 462 173 738 14 57 350 1,257 

United Kingdom 1,391 3,328 8,027 45,339 1,993 3,610 11,411 52,277 

Other‘ 5,062 14,070 38,180 125,338 6,860 12,216 50,102 151,624 

Total 400,057 925,572 360,665 1,157,604 486,615 774,277 1,247,337 2,857,453 

1989: 3 EEE EEE 

Belgium 2,944 6,889 1,129 5,191 4,851 6,239 8,924 18,319 

Brazil 127 988 2,430 13,833 3,642 4,606 6,199 19,427 

Canada 28,491 76,163 260,718 689,586 36,854 41,335 326,063 807,084 

Colombia 439 ° 927 1,510 3,940 31 | 47 1,980 4,914 

Dominican Republic 130 354 1,143 3,025 58 126 1,331 3,505 

France 265 1,635 3,274 23,817 16,522 20,602 20,061 46,054 

Germany, Federal 
___Republicof | 723 3,050 5,719 23,876 9,669 12,558 16,111 39,484 

Hong Kong 2,964 6,548 10,468 30,483 1,150 1,279 14,582 38,310 

Italy 173 735 6,238 36,530 13,000 15,908 19,411 53,173 

Japan 444,617 932,457 24,838 85,566 337,163 488,503 806,618 1,506,526 

Korea, Republic of 25,012 51,054 19,010 63,480 13,983 18,916 58,005 133,450 

Mexico 19,188 44,076 40,721 139,115 26,509 38,150 86,418 221,341 

Netherlands 14,619 29,433 2,726 12,168 11,503 17,250 28,848 58,851 

Panama 394 877 910 2,719 35 73 1,339 3,669 

Singapore 5,566 9,784 1,673 19,021 453 565 7,692 29,370 

Spain 179 1,602 985 5,665 1,292 1,605 2,456 8,872 

Taiwan 26,706 50,985 15,301 37,099 75,429 77,768 117,436 165,852 

Trinidad and Tobago? 203 588 364 1,156 30 28 597 1,772 

United Kingdom 2,137 4,898 8,303 40,937 5,122 6,619 15,562 52,454 

Other 18,171 37,595 38,629 141,858 16,874 15,396 73,674 194,849 

Total 593,048 1,260,638 446,089 1,379,065 574,170 767,573 1,613,307 3,407,276 

" Revised. 

' Includes castings, forgings, and unclassified semifabricated forms. 

*For 1989, Trinidad and Tobago combined, data not available to separate; 1988 data for Trinidad only. 

3 Because of the implementaion of the Harmonized Tariff System beginning in Jan. 1989, export categories for 1988 are not necessarily comparable with those in 1989. 

Source: Bureau of the Census. 

BAUXITE, ALUMINA, AND ALUMINUM MINERALS YEARBOOK— 1989 165



TABLE 32 TABLE 32—Continued its smelter at Baie Comeau, increasing 

TARIFF CODES FOR US. TARIFF CODES FOR U.S. capacity to 400,000 tons per year. The 
IMPORTS OF ALUMINUM IMPORTS OF ALUMINUM company expected the potline to be 

fully operational by 1991. In June, 
gg ggg | epg erg workers at the Baie Comeau smelter 

Material meer ag Material 8s 7 — ratified a new 3-year labor contract that 
——— = ros TSUS HTS was set to expire on June 30, 1992. 

etals and alloys, Rods and bars— 7604.29.3050 ini crude 618.0100 7601.10.3000 Alcan Aluminium announced the 
SS Continued 7604.29.5030 | purchase of a 20% stake in Moli En- 

618.0200 7601.10.6000 | ~ | 7604.29.5060 | ergy Ltd. of Vancouver, British Colum- 

618.0400 —7601.20.3000 Scrap 618.1000 7601.20.9075 | bia, and the signing of an agreement to 
618.0610 —7601.20.6000 7602.00.0030 | blend the technologies of Alcan’s 
618.0630 7601.20.9030 | 7602.00.0090 | aluminum-air battery and Moli’s re- 
618.0650 7601.20.9045 Foil andleaf -—~—~—«644.0600 7607.11.00 chargeable lithium battery. Alcan re- 

618.4500 7601.20.9090 | Egy gpg 7607.11.3000 ported that the joint venture could lead 
Plates, sheets, bars, to the development of a lightweight 

644.0900 7607.11.6000 . ; 
etc.: ) 644.1100 7607.11.9000 power source for an electric vehicle that 

Plates, sheets, " oo could also involve the company’s 
bars, strips, etc., | 644.1200 7607.19.1000 | aluminum-structured-vehicle technology. 

— mec. «618.1700 = 7606. 11.3030 644.2600 7607.19.3000 

618.2520 — 7606.11.3060 644.6400 7607.19.6000 China.—The Government announced 
618.2550 7606.11.6000 644.6800 plans to add 80,000 tons per year of 
618.2560  7606.12.3030 644.7200 capacity to its 110,000-ton-per-year 

618.2563 7606.12.3060 644.7600 smelter at its Guizhou complex. Officials 

618.2580  7606.12.3090 | Flakes and powders 618.4000 7603.10.0000 | €xpected the expansion to be completed 

618.2720 7606.12.6000 | == 618.4200 7603.20.0000 by 1991. ‘onal 

| 618.2740 7606.91.3030 | Wire ——~—~6 18.2000 7605.11.00 une sme pntemnanon aust “ a 
618.2760 7606.91.3060 618.2200 7608.11.0030 | VeStment Corp. reportedly canceled the 
618.2765  7606.91.3075 } contract to buy a mothballed smelter in 

" — 7605.11.0090 Sakata, Japan, from Sumitomo Metal 
618.2900 7606.91.3090 7605 .19.0000 Industries Ltd. 

7606.91.6020 7605 .21.0030 | 

7606.91 .6040 7605 .21.0090 Dubai.—Dubai Aluminium Co. 
7606.91 .6060 7605.29.0000 | (Dubal) announced that construction 
7606.91.6080 | ' Tariff Schedules of the United States Annotated. had begun on a new potline that would 
7606.92.3030 | 7Harmonized Tariff System of the United States. increase the smelter’s capacity to 

7606.92.3060 | Source: Bureau of the Census. 235,000 tons per year by 1991. 

7606.92.3075 
7606.92.3090 | Latasa, its aluminum can manufactur- Indonesia.—The Asahan Develop- 

ing plant that came on-stream this year, | ment Authority announced plans to 
7606.92.6020 eye : : to three Brazilian banks. build a second hydroelectric power- 
7606.92 .6040 . 

plant for the Inalum smelter in Suma- 
7606.92.6060 Canada.—A six-member consortium | tra. The plant, with a capacity of 180 
7606.92.6080 | announced the signing of an agreement | megawatts, reportedly was scheduled 
7616.90.0060 | to construct a 215,000-ton-per-year pri- | for completion in 1990. 
7616.90.0070 | mary smelter at Sept Iles, Quebec. The 

Pipes, tubes, etc. 618.4700 7608.10.0030 | members of the consortium were VAW, Korea, Republic of.—Aluminium of 

618.4800 7608.10.0090 | 20%; Austria Metall, 20%; Hoogovens | Korea Ltd. announced plans to build a 

7608.20.0030 | Groep BV, 20%; Société Generale de | 100,000-ton-per-year rolling mill. The 
7608.20.0090 | Financement, 20%; Kobe Steel Ltd., | company ‘planned commissioning of 
7609.00.0000 | 13.3%; and Marubeni Corp., 6.7%. | the plant in 1992. 

Rods and bars. 618.1520 7604.10 1000 The smelter to be called Alouette re- 
TT portedly was scheduled to come on- Netherlands.—Hoogovens Groep BV 

618.1540 7604.10.3010 J] 
618.2540 7604.10.3050 stream in 1992. announced that it would merge its alumi- 

_ Alumax announced plans to con- | num operations into a new subsidiary, 
7604.10.5030 | struct a 215,000-ton-per-year greenfield | Hoogovens Aluminium BV. 
7604.10.5060 | aluminum smelter at Deschambault, 
7604.21.0000 | Quebec. Completion of the project was Norway.—Soer-Norge Aluminium 
7604.29.1000 | scheduled for 1992. A/S announced plans to expand capacity 

7604.29.3010 Reynolds Metals announced plans to | at its 66,000-ton-per-year smelter at 
See footnotes at end of table. add a 120,000-ton-per-year potline to | Husnes to 100,000 tons per year. The 
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company noted that the project, which | announced the formation of a joint | The company expected the plant to 
could take 3 to 5 years to complete, hinged | venture to construct an aluminum bev- | have an annual capacity of 50,000 tons 
on the signing of power supply contracts. | erage can plant in Hsin Chu County, | and to come on-stream in 1991. 

south of Taipei. Ball reportedly would 
Saudi Arabia.—The Minister of In- | own 30% of the venture called Lam 

dustry and Electricity reported that | Soon-Ball International. The company Venezuela.—Aleaciones Ligeras SA 
approval had been granted for the con- | expected the plant to be operational | (Alisa) reported the signing of an agree- 
struction of a 220,000-ton-per-year pri- | early next year and to produce 1,600 | ment with Davy McKee for the con- 
mary smelter at Yanbu. Alujain Corp., | cans per minute for the local beer and | struction of a 120,000-ton-per-year pri- 
formed by Saudi interests, reportedly | soft drink market. mary aluminum smelter. Alisa is a 
would hold a 60% interest in the smelter. wholly Venezuelan-owned project. 
Gove Aluminium Ltd. reported the sign- U.S.S.R.—Reynolds Metals, Fata | Corporacion Venezolana de Guyana 
ing of an agreement with Alujain to | European Group of Italy, and a group | (CVG) reportedly owned 30% of the 
supply 100,000 tons per year of alumina | of U.S.S.R. organizations announced | project, and Ripesa, an investment 
to the smelter. The Alusa smelter was | plans to build an aluminum foil pro- | group, held the remaining 70%. The 
expected to begin production in 1992. duction and converting operation in | new startup date given by the company 

Siberia. The plant was expected to have | was 1993. 
South Africa, Republic of.—General | a capacity of 47,000 tons per year and 

Mining Union Corp. Ltd. (Gencor) an- | to be located in the town of Sajan- | 
nounced that it had purchased a 30.7% | ogordsk. Six U.S.S.R. entities would | Current Research 
interest in the Alusaf Pty. Ltd. primary | own 70% of the plant, while Reynolds Golden Aluminum published a brief 
aluminum smelter at Richards Bay. Metals and Fata would each own | description of the continuous cast proc- 

13.5%, and the remaining 3% would | ess used by the company to produce can 
Switzerland.—Swiss Aluminium Ltd. | be held by the San Paolo Bank of Italy. | body stock at its Fort Lupton, CO, 

(Alusuisse) announced that the company facility. The paper described chemical 
would be renamed Alusuisse Lonza composition control, surface quality, 
Holdings effective January 1, 1990. United Kingdom.—British Alcan | internal structure, gauge, and casting 

Aluminium Pic. announced plans to | parameters, as well as the operating 
Taiwan. —Ball Corp. of Muncie, IN, | build a UBC recycling plant at Latch- | practices required to obtain these qual- 

and Hong Kong-based Lam Soon Ltd. | ford Locks in northwestern England. | ity levels.!2 

| _ The Bureau of Mines studied the 
effects of aluminum additions on the 

| TABLE 33 sulfidation resistance of iron-chrom- 

U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY CLASS! _| lwm-nickel (Fe-Cr-Ni) alloys. A series 
of Fe-Cr-Ni alloys with and without 

SS —— | additions of 4% aluminum were tested 

BB 1989 in a wet sulfur vapor atmosphere at 
Class Quantity Value Quantity Value 677° C. Aluminum-containing alloys 

(metric tons) (thousands) (metric tons) thousands) f d ‘ 
sss sss | formed a compact, tightly adherent 

Crude and semicrude: layer of scale that reduced corrosion 
__Metals and alloys, crude «1,027,246 $2,197,785 923,030 $1,898,132 | rates by a factor of 3 to 10 compared 

Plates, sheets, strip, etc., with that of aluminum-free alloys. The 
mec S341, 508 898,386 315,564 867,222 | thin, adherent aluminum-containing 

_Pipes, tubes, etc, 3,838 18,205 2,808 20,363 | scale limited inward diffusion of sulfur 
Rods and bars 47,113 111,622 22,012 63,331 | and oxygen to the base metal and out- 

Scrap 200,517 318,015 206,610 309,122 | ward diffusion of nickel from the base 
Total 1,620,222 3,544,013 1,470,024 3,158,170 | metal.!? 

Manufactures: 

Foil? 33,058 144,643 25,832 123,223 
Leaf? (*) 299 () (3) Outlook 

Flakes and powders 2,869 6,799 2,259 6,916 | _ World supply and demand should be 
“Wire 5,452 18,331 23.446 68,683 | in fairly good balance over the next mw 

Tol anv 70.9 SST 98 ae to aed hom the. rapid 
__Grandtotal 61601 3,714,085 1,521,561 3,356,992 growth rates of the late 1980’s but 

Because of the implementation of the Harmonized Tariff System beginning in Jan. 1989, import categories for 1988 are not necessarily should show an average growth rate of 
comparable with those in 1989. about 2% per year over the next few 
sucludes Plates sheets, circles. and disks. years. Increased attention, both domes- 

4 1988-—_aluminumn leaf not over 30.25 square inches in area 5,235,781 leaves, and aluminum leaf over 30.25 square inches in area, tically and abroad, to waste disp osal 

771,966,360 square inches. problems should provide steady growth 

Source: Bureau of the Census. in the secondary aluminum industry. 
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TABLE 34 | 

U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY COUNTRY 

Is and Plates, sheets, seme Mea uc es sn Ta 
Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1988: 

. Argentina 25,088 $39,581 9,763 $23,231 — — 34,851 $62,812 

Australia 13,358 28,440 5,182 10,996 662 $1,281 19,202 40,717 

Belgium 89 504 33,616 86,617 231 | 233 33,936 87,354 

Canada | 794,786 1,704,106 117,984 286, 102 135,061 219,793 1,047,831 2,210,001 

France 130 657 25,926 78,609 422 660 26,478 79,926 

Germany, Federal 
Republic of 1,229 6,908 11,814 40,428 3,474 4,462 16,517 51,798 

Ghana 50,543 126,417 723 1,596 _ — 51,266 128,013 

Hong Kong 227 465 2,924 7,625 112 172 3,263 8,262 

Israel 9 37 1,165 5,064 716 109 1,250 5,210 

Jamaica 209 | 289 — —_ 1,049 1,567 1,258 1,856 

Japan 558 2,782 40,062 108,508 234 642 40,854 111,932 

Mexico 7,085 ~ 15,538 5,882 17,164 17,180 21,148 30,147 53,850 

Netherlands 2,167 3,581 8,978 40,750 3,224 4,332 14,369 48,663 

Panama 348 342 19 21 3,967 4,739 4,334 5,102 

__U.S.S.R. | 267 485 — — 16,877 29,118 17,144 29,603 

United Kingdom 2,000 5,524 7,063 29,739 3,955 6,284 13,018 41,547 

Venezuela 52,829 106,448 36,641 81,206 8,644 15,865 98,114 203,519 

Yugoslavia 431 981 12,684 31,214 — — 13,115 32,195 

Other" 75,893 154,700 72,033 179,343 5,349 7,610 153,275 341,653 

Total 1,027,246 2,197,785 392,459 1,028,213 200,517 318,015 1,620,222 3,544,013 

—-1989:2 TO REE 

Argentina 12,173 23,046 6,889 17,302 — — 19,062 40,348 

Australia 5,764 12,084 11 70 666 1,588 6,441 13,742 

Belgium | 76 467 29,993 83,693 ‘101 116 30,170 84,276 

Canada 789,587 1,637,472 151,848 384,988 160,764 246,259 1,102,199 2,268,719 

France 97 672 11,042 40,715 379 527 11,518 41,914 

Germany, Federal 

. ___Republicof | 579 7,766 10,745 42,165 872 1,295 12,196 51,226 

_Ghana 8,924 21,805 278 651 — — 9,202 22,456 

_Hong Kong 10 10 2,558 7,157 123 213 2,691 7,380 

Israel — — 1,227 7,786 20 31 1,247 7,817 

Jamaica 100 168 _ —_— 1,875 2,919 1,975 3,087 

Japan 941 2,657 20,788 68,291 310 891 22,039 71,839 

Mexico 733 1,650 3,028 9,564 20,798 23,993 24,559 35,207 

Netherlands 2 72 5,056 24,515 20 147 5,078 24,734 

Panama 481 638 — — 3,539 4,285 4,020 . 4,923 

U.S.S.R. 100 226 — — 5,845 10,054 5,945 10,280 

United Kingdom 356 1,789 11,470 41,960 541 1,077 12,367 44,826 

Venezuela 59,552 90,694 16,454 36,612 4,747 7,800 80,753 135,106 

Yugoslavia 19 50 13,289 31,320 — — 13,308 31,370 

Other 43,536 96,866 55,708 154,127 6,010 7,927 105,254 258,920 

Total 923,030 1,898,132 340,384 950,916 206,610 309,122 1,470,024 3,158,170 

" Revised. 

‘Includes circles, disks, rods, pipes, tubes, etc. 

2 Because of the implementation of the Harmonized Tariff System beginning in Jan. 1989, import categories for 1988 are not necessarily comparable with those in 1989. 

Source: Bureau of the Census. 
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TABLE 35 TABLE 35—Continued is removed by heating crude bauxite in 

ALUMINUM: WORLD ANNUAL | ALUMINUM: WORLD ANNUAL | ‘tary drying kilns at about 315° C. 
PRIMARY METAL PRODUCTION | PRIMARY METAL PRODUCTION Calcined bauxite 1S Produced by heat- 

CAPACITY, BY COUNTRY! CAPACITY, BY COUNTRY! Ing bauxite to 925 to 1,040 C to 

reduce total volatile matter, including 
(Thousand metric tons) (Thousand metric tons) chemically combined water, to less than 

1%. About 2 tons of crude ore is 
| Continent and Conti required to produce 1 ton of calcined 1987 1988  1989P ontinent and p 

country country 1987 19881989" | bauxite. 
North America: Asia—Continued | Aluminum metal has a relatively low 

Canada 1,577 1,594 1,594 Korea, North 20 20 20 | density, high electrical and thermal 

Mexico 66 66 66 Korea, conductivity, good resistance to corro- 

United States 3,895 3,960 4,016 Republic of 18 18 18 | sion, and good malleability. It is non- 

South America: Taiwan 50 50 50 | Magnetic, nonsparking, and highly re- 
Argentina —«*dS0 160 160 Turkey 60 60 60 lective. It may be alloyed and treated 
BrailS~S~SC«S 6 869 69 | United Arab to yield a high strength-to-weight ratio. 
Suiname 30 30 30 Emirates: Ingot is a cast form of primary or 

: Vesa CR 460 666 Dubai 149 159 170 | secondary metal that is convenient to 

~<a Oceania: handle and store and is suitable for 
Europe: Australia 1,012. 1,177 1,177 fabricating or remelting. Commercial 

ee o oo « New Zealand 244 250 250 | Size ingots normally weigh about 30 
zechoslovakla 6 Total —s*«é‘—T'*7~«zOTD.«18,480 —-18,946 pounds; however, some ingots weigh up 

France 346 346 346 | ——________—————————_ | to 9 tons. A significant portion of both 
nes Preliminary. ‘ Revised. . . 

German — | "Detailed information on the individual aluminum reduction | Primary and secondar y metal is sold 
Democratic plants is available in a two-part report that can be purchased from and transpor ted in molten form. 

Republic 85 85 85 Chief Division of Financ Bureau of Mines, Bids. 20, Federal Commercially pure aluminum usually 

G , enter, Venver, 5 . rar 0 rimary umimMum Fiants, . ° 

Federal Worldwide” details location, ownership, and production capacity contains about 99.7% aluminum. In the 

R . for 1985-92 and sources of energy and aluminum raw materials annealed condition, it has low strength 
epublic of 733 733 733 6 . ; . . . we . . 
ee or foreign and domestic primary aluminum plants, including and is relatively soft. However. it 1S avail- 

Greece 145 145 145 those in centrally planned economies. Part 2 summarizes produc- . . Pe 

Huneary et!” 16 16 76 tion capacities for 1985-92 by smelter and country. able in strain-har dened conditions . of 

_areneary higher strength and reduced ductility. 

_tceland 86 86 86 Metal with more than 99.7% and up to 
Italy 276 276 276 | TE : a BACKGROUND 99.85% aluminum is available at higher 
Netherlands 266 266 266 | _____ costs than standard commercial metal. 
Norway 834 843 851 io. Superpurity aluminum contains a mini- 
Poland 110 110 119 | Definitions, Grades, and mum of 99.99% aluminum. 
Romania 250 250 250 Specifications Aluminum alloys have been developed 
Spain Bag 344 344 Bauxite is a heterogeneous material that, after cold rolling, heat treating, 

“Sweden 91 91 9, | composed chiefly of the aluminum oxide annealing, or age hardening, have 
oo minerals gibbsite (Al,0,°3H,O), the tri- | strengths approaching those of mild 

Switzerland 72 72 72 : . . 
USSR. —s«2.590-—«(2.590S«2.640 hydrate, and boehmite and diaspore | steels. More than 100 commercial alloys 
ae , (Al,O,°H,O), the monohydrates.'* Do- | are available, and several new alloys are 

Kine dom 387 387 3g7 | mestic bauxites and those imported from | developed each year. The alloys offer a 
Yusoslavia tC 367 377 Brazil, Guyana, and Suriname are of the | wide variety of combinations of mechan- 

Aiea trihydrate gibbsitic type. Imports from | ical strength, ductility, electrical conduc- 
ea the Sangaredi deposits of Guinea and the | tivity, and corrosion resistance. 

_Cameroon 80 80 80 | north coast of Jamaica are predomi- Aluminum alloys are generally di- 
_Egypt 10 170 170 | nantly gibbsitic, but they also contain | vided into two major groups: wrought 

Ghana 200 200 200 | 4% to 10% of the monohydrate mineral | and casting. The Aluminum Associa- 

South Africa, boehmite. In most European and north- | tion uses a code to designate the purity 
Republic of 172 172 172 | ern Asian bauxite deposits, boehmite is | and alloy content of wrought alloys and 

Asia: the principal alumina mineral. Recovery | to register the composition of casting 
Bahrain 180 180 205 | of the aluminum oxide in boehmite re- | alloys and ingot. The range of compo- 

China "695 875 975 | quires a higher temperature and higher | sitions of wrought aluminum alloys 
India 472 472 472 | caustic concentration than is needed in | and selected aluminum casting ingot 
Indonesia 225 225 225 | processing gibbsite. Major impurities in | alloys is given in table 39. 

“Tan 50 50 59 | bauxite ores include iron oxides, silica, New aluminum-base scrap, generated 
aluminum silicates, and titanium oxides. | in the production of intermediate and 

Japan 64 64 64 . . . . 
7 Ul eeprentennn eRe ED ERREE Free moisture in crude bauxite, as | end products of aluminum metal, may be 

See footnotes at end of table. . 
mined, may range from 5% to 30%. In | pure (unalloyed), segregated (one alloy 
dried bauxite, most of the free moisture | type), or mixed (two or more alloys). It 

BAUXITE, ALUMINA, AND ALUMINUM MINERALS YEARBOOK—1989 169



TABLE 36 

includes solids, such as new casting ALUMINUM, PRIMARY: WORLD PRODUCTION ,| BY COUNTRY 
scrap; clippings or cuttings of new sheet, | 
rod, wire, and cable; borings and turn- ) (Thousand metric tons) 
ings from the machining of aluminum _ 
parts; and residues, drosses, skimmings, Country 1985 1986 1987 1988? 1989° 

spillings, and Sweepings. Argentina 136 148 153 154 155 
. New scrap is further defined as either | Australia 85] 889 1,004 1,150 21 244 

runaround” (home) scrap or pur- | Augiatti<‘<i=COSs™S™S 94 93 93 95 293 
chased scrap. Runaround or home Bahan 176 178 180 © 189 2484 
scrap is new scrap that is recycled by the Bail 549 357 943 974 2935 
same company that generates it; such | —2——_____ 
scrap by definition never leaves the | C@meroom 70 84 2 87 86 
company generating it and, therefore, | Camada_ st 1,355 1,540 1,535 “1,555 
is never marketed as scrap. Purchased | Chinas 410 410 615 800 825 
scrap is new scrap that is purchased, | Czechoslovakia 32 33 32 32 30 
imported, or treated on toll by second- | Egypt 209 175 179 173 173 

ary smelters, the original aluminum | France 293 322 323 328 2335 

product suppliers, or others. New alu- | German Democratic Republic‘ 60 61 62 6] 60 

minum scrap that is purchased from | Germany, Federal Republic of 745 765 738 744 2742 
manufacturers of end products may be | Gan, ti‘ Ot*‘i‘<;C;CSW 49 125 150 161 2169 
teferred to as consumer scrap. Pur-| Gouge t=<“CSs‘—S 125 104 107 151 2145 
chased scrap is sometimes referred to as | 2—-?W-W___LL- 

ee ~ Hungary 74 74 76 75 75 
prompt industrial scrap. a __§—_ > 

Old scrap, all of which is considered as Iceland B 76 85 82 89 

purchased, comes from discarded, used, Indiay 260 257 265 375 375 

and worn out products. It includes alu- | Indonesiay® 217 219 202 18 222 
minum pistons or other aluminum en- | Iran‘ — 4B 40 40 40 40 
gine or body parts from junked cars, | Italy 224 243 233 222 220 

aluminum UBC’s and utensils, and old | Japan4 227 140 Al 35 235 | 
wire and cable. Sweated pig is scrap that | Korea, North® 10 10 10 10 10 
has been sweated or melted into a pig OF | Korea, Republic of?” 18 19 oy) 18 17 

ingot form for convenience and economy | Mexico? tt ttst—~S 43 37 65 71 72 
in shipping and storage. Obsolete scrapis | Noneands St(‘“‘~™S™*S*S*S*~*~CS:*é«S*dC‘CO 266 216 278 2994 
new, unused, but technologically obso- New Zealand 54l 936 352 364 2760 
lete aluminum end products, outdated | ———-—____—_—_ 5 
inventory materials, production over- | NoWway 743 726 806 864 859 
runs, and spare parts for machines and | Poland® 47 48 48 48 47 
equipment no longer being used. In the | Romanian 24] 269 260 260 250 
United States, both sweated pig and ob- | South Africa, Republic of 165 170 171 172 170 

solete scrap are considered old scrap. Spain 370 350 341 323 2352 

Suriname 29 *29 2 10 . 10 

Geology-Resources Sweden s—<‘i‘SOOSSOSOCS™ 84 78 81 99 297 
Bauxite 1S formed by the weathering | switzerland i (ai‘sé;~*~S 73 80 7B 72 274 

of aluminum-bearing rocks under cON- | Tukey 54 60 42 a) 57 
ditions conducive to the chemical USSR® 2,200 2.300 2,400 2,400 2,400 

breakdown of minerals in the parent | (ca arab Emirates: Dubai 153 155 155 162 160 
rock. In the weathering process, the | ——— - 5 
aluminum is retained as hydrated alu- | United Kingdom 275 276 294 300 297 
minum oxide minerals and other con- | United States 3,500 3,037 3,343 3,944 “4,030 
stituents are leached from the parent | Venezuela 396 "424 440 455 500 
rock. Conditions favorable for the for- | Yugoslavia* ’ 280 282 244 260 260 
mation of bauxite existed in areas and Total 15,398 "15,413 16,385 17,608 17,980 

geological periods that provided Warm | ‘Estimated. Preliminary. ‘Revised. 
wet climates, parent aluminous rocks ‘The Bureau of Mines defines primary aluminum as “The weight of liquid aluminum as tapped from pots, excluding the weight of any 

. . eae . alloying materials as well as that of any metal produced from either returned scrap or remelted materials.” International reporting 

with high permeability and I eadily sol- practices vary from country to country, some nations conforming to the foregoing definition and others using different definitions. For 

uble minerals, good subsurface drain- those countries for which a different definition is given specifically in the source publication, that definition is provided in this table by 

age, an d ] on g peri O ds of tectonic sta- Resort fue. data available through May 23, 1990. 

bility that permitted deep weathering | >Primary ingot. 
and preservation of land surfaces. 4Excludes high-purity aluminum containing 99.995% or more as follows, in metric tons: 1985—4,783; 1986—8,140; 1987—12,099; 

The major deposits in central Arkan- ee eo een eae loved 
y unalloyed ingot plus secondary unalloyed ingot. 

sas were formed by weathering of © Primary unalloyed metal plus primary alloyed metal, thus including weight of alloying material. 
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TABLE 37 ets containing a few hundred tons of 

TYPICAL SPECIFICATIONS FOR GRADES OF BAUXITE bauxite to basins containing millions of 
| | | tons. The soil overburden is only 1 to 2 

(Weight-percent, maximum content unless otherwise specified) feet thick. Jamaican bauxite is largely 

gibbsitic, although mixtures containing 
~ Constitutent _ Metal grade Refractory grade Abrasive grade | up to 20% monohydrate alumina oc- 

| (dried Jamaica type) (calcined) (calcined) cur. Ore grade is 45% to 49% AI,O;, 

Al,O; ' 47.0 "86.5 ' 83.0 0.8% to 8% SiO, 17% to 22% Fe,O3, 
SiO, 3.0 7.0 6.0 and 2.5% TiO,. The bauxite deposits 

Fe,O, 22.0 2.5 8.0 in the Dominican Republic and Haiti 
TiO, 3.0 3.75 230. 4.5 are similar in grade, age, and genesis, 
K,0 + Na,O NS | 2 4 and are identified as “‘Jamaica-type”’ 

MeOsCao. CONS NS | Datuxites. oo 
Cao. NBS Bauxite deposits in Suriname and 

esses §§ —# = | Guyana are scattered throughout a nar- 
MgO NS NS belt extendi long th tact 
MnO, + Cr,0, + VO 2.0 1.0 1.0 row belt exteneme aone tne cone 

me NS | between the Precambrian crystalline 
POs SNS S| rocks of the Guyana Shield and the 
Lossonignition CONS SO | sedimentary beds of Tertiary or later 
NS No specification. age that form the coastal plain. These 
Minimum content. deposits usually rest on kaolinitic clay 

? Range of content. 

and range from exposed outcrops to ore 
bodies overlain by as much as 200 feet 

TABLE 38 of sand and clay, although the average 
overburden is around 60 feet. Other 

CELL-GRADE ALUMINA SPECIFICATIONS, deposits of bauxite and laterite occur in 
IN WEIGHT-PERCENT these countries at higher elevations 

south of the coastal belt. The alumina 

Impurity Maximum Impurity Maximum | mineral is gibbsite and the ore is high 

content content | grade; typically 55% to 60% AI,Os;, 
SiO, 0.015 B,O, 0.001 | 2% to 5% SiO,, and less than 3% 

Fe,O, , .015 TiO, 002 | Fe,O;. Both countries have been ex- 
MnO 002 P,0, 001 | porters of refractory and abrasive- 

NiO. 005g 002 | BAe bauxite. a | 
CrO, 02. CaO... .04- In the large deposits discovered in 
Go... ol northern Brazil since 1967, the bauxite 

2 ; ; 
Vong KL ggg | OCCU as a residual capping on dissected 
2S EN ___§_———__ | plateaus several hundred feet above the 
ZnO Clore, residual | Amazon or other nearby rivers. The ore 
Ga0y S| Chas: developed on unconsolidated Ter- 
Source: Industry-Bureau of Mines Alumina Miniplant Steering Committee recommended specifications, May 1979. tiary sediments and is covered by 12 to 30 

| feet of kaolinitic clay. Ore thickness av- 
-. | erages about 16 feet. The approximate 

nepheline syenite intrusives during late | plain of Alabama and Georgia are found | grade after washing is 55% Al,O3, 3.5% 
Paleocene and early Eocene time.'° | as lenses within flat-lying beds of kaoli- | SiO,, and 11% Fe,O,. Bauxites in north- 
The predominant aluminum oxide min- | nitic clay, which are overlain by sand and | ern Brazil and Venezuela are of the gibb- 
eral in the bauxite is the trihydrate | clays of early Tertiary age. Average ore | stic type and contain little monohydrate 

form, gibbsite. Some deposits are resid- | thickness is 10 feet, though locally 33- | alumina. : 
ual on the igneous rock and clay, while | foot ore has been encountered. Overbur- The Weipa bauxite deposit in Queens- 
others are the result of transportation | den, especially in the Alabama sinkhole | land, Australia, occurs in the upper 
and accumulation of eroded deposits. | deposits, can exceed 120 feet in thick- | portion of a flat-lying laterite that ex- 
Most of the deposits were subsequently | ness. The grade of the bauxite is 48% to | tends for more than a hundred miles 
covered by sand and clay beds. Bauxite | 56% AI,O,, 12% to 16% SiO,, and less | along the west coast of the Cape York 
ore ranges in thickness from a few feet | than 2.5% Fe,O;. The low iron oxide | Peninsula. The bauxite ranges in thick- 
to 65 feet and is overlain by a 40- to | content permits this ore to be used in | ness from a few feet to 30 feet and is 
150-foot overburden. The composition | refractories and chemicals. covered by a soil overburden 1 to 3 feet 
of the ore mined in Arkansas varies In Jamaica, the bauxite deposits fill | thick. Average ore thickness is about 14 
widely within a range of 40% to 52% | sinkholes and channels and blanket un- | feet. The ore is basically gibbsitic, but 
ALO;, 7% to 17% SiO,, and 6% to | even depressions in the karst surface of | some of the alumina is also present in 

12% Fe,O3. a limestone of middle Tertiary age. | the form of boehmite. The deposits are 
The bauxite deposits in the coastal | Individual ore bodies range from pock- | associated with Tertiary  kaolinitic | 
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sands, from which they were probably | inland plateaus at elevations of 900 feet | depressions in the karst weathering sur- 
derived. The grade of the beneficiated | or more above sea level. The deposits | face of Mesozoic limestone beds that 
bauxite is 53% to 58% Al,O;, 4% to | have been dissected by stream valleys. | have been buried, folded, and faulted 
7% SiO,, and 12% Fe,QO,. Most of the bauxite is believed to have | subsequent to the development of the 

The Darling Range bauxite deposits | formed through weathering of schists | bauxite. European bauxites are com- 
in Western Australia occur as a residual | and sandstones of Devonian or Post- | posed predominantly of monohydrate 

| capping on Precambrian granites, | Devonian age. The thickness of the | alumina minerals, although some gibb- 
gneiss, and intrusive crystalline rocks. | Sangaredi bauxite ore averages more | sitic deposits are mined in Hungary and 
A thin 1.5-foot blanket of soil mixed | than 65 feet and exceeds 130 feet in | a few other countries. 

| with loose pisolites covers the deposits. | some places. Overburden, where Historically, the commercial produc- 
The top of the ore is characterized by a | present, consists of a thin topsoil. Typ- | tion of primary aluminum has been 
ferruginous hardcap about 6 feet in | ical ore contains 57% to 60% AI,O,, | based almost entirely on the use of 
thickness. The deposits are character- | less than 1% SiO,, and 2% to 4% | bauxite. However, deposits containing 
ized by a low alumina and a high | Fe,0,. The upper zone of the San- | aluminum in the other mineral forms 
quartz sand content; however, the reac- | garedi deposit contained only a few | are widespread and virtually inexhaust- 
tive silica is typically less than 2%. | percent boehmite, but mining has pro- | ible. The average aluminum content of 

: General composition is 38% to 46% | gressed to lower benches where the | the Earth’s crust has been estimated at 
Al,O3, 10% to 23% SiO,, 11% to 16% | monohydrate content has increased to | 8.3% (15.7% on an AI,O; basis), and 
Fe,O,, and about 4% TiO,. nearly 10%. | deposits containing more than 13% 

| In Guinea, the large Sangaredi baux- Many of the European bauxite de- | aluminum (25% AI,O;) are common. 

ite deposits occur as laterite caps on | posits are associated with pockets and Information on bauxite reserves and 

TABLE 39 

COMPOSITION LIMITS AND USES OF SOME ALUMINUM WROUGHT AND CASTING ALLOYS' 

| | (Weight-percent) 

Aluminum Association . . eye . or 
designation Aluminum Copper Manganese Magnesium Silicon Other constitutents Applications 

Wrought alloy series: | 

1000 99.00-99.75 0.2 0.05 0.05 21.0 0.1 zinc, 0.05 titanium. Electrical conductor, 
chemical equipment, 

cooking utensils. 

2000 Balance? 1.9-1.2 0.2-1.8 0.02- 1.8 0.1- 1.2 1.3 iron, 0.2 titanium, 2.3 Forgings, aircraft, rocket 

nickel. fuel tanks. . 

3000 do.? 3 .3-1.5 .2- 1.3 .6 0.4 zinc, 0.1 titanium, 0.7 Ductwork, can bodies, 
: iron. hydraulic tubing. 

4000 do.? .10-1.3 .05-1.3 3.6-13.5 3.6-13.5 1.3 nickel, 0.2 zinc. Welding and brazing wire, 

pistons. | 

5000 do.? 2 .01-1.0 5- 5.6 45 0.35 chromium, 0.2 Bus and truck bodies, 

. titanium, 7 iron. screens, pressure vessels, 
. aircraft tubing. 

6000 do.? .1-1.2 .03-1.1 .35- 1.5 1.8 2.4 zinc, 1.0 iron. Heavy-duty structures, 

pipe, bus bars. 

7000 do.* .05-2.6 A- 7 1- 3.4 2.7 0.35 chromium, 8.0 zinc, Aircraft structurals and 
7 0.2 titanium. skins. 

Diecasting ingot:* 

A380 do.? 3.0-4.0 5 1 7.5- 9.5 -0.5 nickel, 3.0 zinc, 1.3 General purpose castings. 

iron. 

A413 do.? 1.0 35 1 11.0-13.0 0.5 nickel, 0.5 zinc, 1.3 Large instrument cases. 
iron. 

Sand and permanent 

mold casting ingot: * 

342 do.? 3.5-4.5 .35 1.2- 1.8 1.0 2.3 nickel, 0.35 zinc, 0.25 Cylinder heads, engine 
titanium. pistons. 

356 do.? 25 35 2- 4 6.5- 7.5 0.6 iron, 0.35 zinc, 0.25 Automative transmission 

titanium. cases, aircraft and marine 
fittings. 

' Maximum weight-percent of the casting ingot or at least one of the wrought alloys in the series unless a range is given, in which case the upper and lower limits do not necessarily apply to the same alloy 

in the series. 

2 Includes iron. 

3 Balance after deducting percent composition of specified alloying constitutents, plus other normal impurities. Minimum impurities for casting alloys are normally specified but are not shown in this table. 

4 Composition of castings may differ from that of the ingot. 
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resources varies from reports based on | of domestic refractory and chemical TABLE 40 | 
thorough exploration for some deposits | bauxites. WORLD BAUXITE RESOURCES, 
to reports giving only a total quantity The resources of bauxite in the DECEMBER 1989 | 
estimate based on unspecified field- | United States, other than the present 
work for other deposits. The reserve | reserves, are chiefly in (1) large low- (Million metric tons of bauxite) 
and reserve-base estimates in table 40 | grade deposits containing substantial | 
are the result of evaluating data and | quantities of clay minerals and deeply | Continent and Reserves! Reserve 
information obtained from many | buried and thin deposits in Arkansas, country base! | 
sources. The quality of bauxite depos- | Alabama, and Georgia; (2) ferruginous | North America 
its cannot be assessed by the alumina | bauxite deposits in Oregon and Wash- ane Caribbean | 

content alone because the mineralogi- | ington; and (3) deposits of low-grade ee 
cal form in which the alumina occurs, | ferruginous bauxite in soils and weath- vonimean 30 45 
its extractability in the Bayer process, | ered basalts on Kauai and Maui, Ha- ee 
the quantity of reactive silica present, | waii. Inclusion of these low-grade re- Ha 10 l4 
iron content, including the ratio of | sources increases the total estimated | —22™!c@__ 2,000 2,000 | 
ferric to ferrous iron, and other chem- | bauxitic resource in the United States to | _United States 38 40 
ical and physical properties all affect | 300 to 325 million tons. The mining of | South America: 
the process cost and the alumina recov- | some of these deposits may be re- Brazil 2,800 2,900 
erable from a given bauxite. The clas- | stricted or prohibited because of envi- Guyana 700 900 
sification of undeveloped bauxite de- | ronmental considerations such as their Suriname 575 600 | 
posits as either reserves or subeconomic | proximity to populated or scenic areas. Venezuela 320 350 
resources also is a matter of judgment Nonbauxitic aluminum-bearing de- | Burope: 
because many factors other than grade | posits in the United States that have | “pune 30 40 
influence the economics of mining, | received the most attention as poten- Gree 600 650 
transporting, and processing the baux- | tially economic sources of aluminum | ———--—————— 
ite to alumina. The definitions of re- | include kaolinitic clays, anorthosite, _Hungary 300 300 

serves and reserve base are published in | and alunite. Other types of clays, _Htaly ° | ° 
U.S. Geological Survey Circular 831, | shales, schists, nepheline syenite, and | Romania 50 50 
“Principles of a Resource/Reserve | sapprolite are also potential aluminum Spain 5 5 
Classification for Minerals.” !® raw materials. In addition, the produc- | __U.S.S.R. 300 300 | 

Past estimates of world bauxite re- | tion of certain other minerals yields Yugoslavia 350 400 | 

serves were about | billion metric tons | aluminous materials that may be con- | Africa: - 
in 1945, nearly 3 billion tons in 1955, 6 | sidered potential sources of metal. Cameroon 680 1,000 
billion tons in 1965, and about 21 | These include coal ash and coal mining | “Ghana!” 450 560 
billion tons in 1985. In 1989, they were | refuse, copper leach solutions, alumi- | “Ging 5,600 5,900 
estimated at about 22 billion tons. | num phosphate rock, and dawsonite if Mozambique ) 7 7 
Guinea and Australia together have | produced in conjunction with the min- | —————————__ 
about one-half of the world’s reserves. | ing of oil shales. _Sierra Leone 40 160 | 
More than 25% occurs in the Western Zimbabwe 2 2 
Hemisphere, principally in Brazil, Ja- | Technology Asia; 
maica, Guyana, and Suriname. Esti- China 150 1,450 
mates of additional bauxite classified Exploration. —The first stage of plan- India 1,000 1,200 
as subeconomic, hypothetical, or spec- | ning a bauxite exploration program usu- Indonesia 750 805 

ulative resources bring the total world | ally entails a thorough study of regional Malaysia 15 20 
resources of bauxite to 55 to 75 billion | geology, physiography, and any previous Pakistan 20 20 
tons. Growth in reserves has roughly | reports on exploration or mining opera- | “Turkey” 5 30 
paralleled the expansion of world baux- | tions within the area of interest. The | Oana. SO!” 
ite production capacity. Major new dis- | initial regional appraisal should includea | Australia 4,440 4,600 
coveries are the primary factor in re- | review of topographic maps (rarely avail- | Other CS” 00 200 
serve increases; however, production | able for remote tropical areas), aerial | “7442  — "22,000 25,000 
economies resulting from technological | photographs, satellite images, and mosa- "Resource Reserve Definition. Geological Survey Circular 831, 

advances and large-scale operations | ics prepared from aerial side-looking ra- | i930. 
have also permitted the inclusion of | dar (SLR) surveys. In the Amazon Basin | *Data may not add to totals shown because of independent 
lower grade bauxite previously consid- | of Brazil, where the dense rain forest | °"%"® 
ered subeconomic. canopy completely masks stream valleys, 

The principal domestic deposits of | scarps, and plateaus, SLR methods have 
bauxite are in central Arkansas, where | proven effective in revealing the hidden | minous laterites. Airborne radiometric 
reserves are estimated to be about 33 | topography. Geobotanical techniques us- | surveys are useful in delineating exposed 

million metric tons. An additional 2 to | ing real or false color air photos and | laterites by their typically evaluated levels 
5 million tons of bauxite reserves in | satellite images have been used to iden- | of radioactivity. 
Alabama and Georgia are the source | tify vegetation types associated with alu- After specific target areas have been 
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defined, reconnaissance by helicopter or | closure in 1990. finely dispersed in the bauxite that they 
fixed-wing aircraft can provide valuable In Jamaica, the bauxite deposits lie | cannot be readily separated by physical 

| logistics information. Surface prospect- | closer to the surface, and the overbur- | methods. Many bauxites are upgraded, 
ing for float samples in stream valleys has | den of vegetation and topsoil is easily | however, by washing or wet screening to 
long been a reliable guide in the discovery | stripped. The ore usually requires no | remove sand and some of the clay 
of bauxite deposits. Vertical channel | blasting. Shovels, draglines, and scrap- | minerals. | | 
sampling of indurated resistant outcrops | ers are used to load the ore. Haulage is Metallurgical and chemical grades of 
exposed in stream valleys can often pro- | by truck, railroad, or aerial tramline to | bauxite that must be transported appre- 
vide the first positive identification of the | the alumina plants and port facilities. | ciable distances are normally dried be- 
presence of bauxite. Detailed evaluation | In Suriname and Guyana, up to 200 | fore shipment. Drying facilitates the 
and development require drilling, pitting, | feet of overburden is stripped by drag- | handling of some bauxites, and the 
or trenching to provide samples for | lines, scrapers, bucket wheel excava- | degree to which a specific bauxite is 
chemical analysis. Surface mapping is | tors, or hydraulicking. The ore is bro- | dried depends in part on its handling 
essential to document drill collar and pit | ken by blasting and loaded into ore cars | and dusting characteristics. Because 
locations and elevations. or trucks with power shovels, back- | crude bauxite may contain 10% to 30% 

Bauxite minerals are difficult to iden- | hoes, or draglines. free moisture, drying results in savings 
tify visually and require sophisticated | At Weipa, Australia, bulldozers and | in freight that may more than offset 
laboratory techniques for quantitative | scraper loaders remove the few feet of | drying costs. Suriname and Guinea 
analysis. Because of this requirement, | overburden. Front-end: loaders, each | bauxite is dried to 3% to 6% moisture, 
exploration samples and development | mining in excess of 500 tons per hour, | whereas Jamaican bauxite is shipped , 

samples are often shipped to the com- | then load the uncemented pisolitic ore | with about 15% moisture. Bauxite for 
pany’s main laboratory for analysis. | into trucks for a short haul to a bene- | use in refractories and abrasives is cal- 
The most important determinations are | ficiating plant for sizing and washing. | cined to remove both free moisture and 
for alumina and silica content. Both | At the deposits in the Darling Range of | chemically combined water. 

“total alumina” and “available alu- | Western Australia, forest clearing of 
mina” (alumina recoverable by both | vegetation and overburden removal are Alumina Production.—Virtually all 
low- and high-temperature Bayer proc- | followed by blasting of the hardcap | commercially produced alumina from 
esses) are normally determined. In ad- | that comprises the top few feet of the | bauxite is obtained by a process pat- 
dition to “total silica,” it is important | bauxite deposits. Front-end loaders | ented by Karl Bayer in 1888 (German 
to analyze for “reactive silica” because | load dump trucks for haulage to a | Patent 43,977), although research on 
the latter combines with alumina and | mobile crushing plant. Bauxite is car- | aluminum extraction from other min- 
soda in the Bayer process to form so- | ried from the crusher to an alumina | eral raw materials has continued for 
dium aluminum silicates that are lost in | plant by conveyer belt. many years. The Bayer process involves | 
the red mud wastes. Iron oxides, tita- The deposits mined for the Boké | a caustic leach of the bauxite at ele- 
nia, and loss on ignition are also rou- | project in Guinea have little overbur- | vated temperature and pressure, fol- 
tinely determined. den, but require blasting. Loosened ore | lowed by separation of the resulting so- 

is loaded by electric shovels directly | dium aluminate solution and selective 
Mining.—Open pit mining accounted | onto railcars for shipment 85 miles to a | precipitation of the aluminum as the hy- 

for all of the bauxite mined within the | treatment plant and port at Kamsar. drated aluminum oxide (Al,0,°3H,0). 
United States in recent years and for Underground mining accounts for The actual processing conditions such 
about 95% of the world bauxite pro- | much of the Greek, French, and Hun- | as the leach temperature, holding time, 
duction. Restoration of the land sur- | garian bauxite production and is widely | and caustic concentration, as well as the 
face of depleted bauxite mines is being | used in other parts of Europe, includ- | costs, are influenced by the type of baux- 
practiced in many areas of the world by | ing the U.S.S.R. Room-and-pillar and | ite to be processed. As a result, a Bayer 

preserving the topsoil after stripping | various stoping methods are used. Un- | alumina plant is designed to treat a spe- 
for later replacement. derground water problems are common | cific bauxite and, in general, cannot use a 

In Arkansas, draglines, scrapers, shov- | —especially in the Hungarian mines | bauxite that is too different from the one 
els, and trucks are used in stripping | where bauxite deposits are associated | the plant was designed to use without 

operations. Stripping ratios as high as 13 | with the weathering of limestone. Here | major plant modifications. 
feet of over-burden to 1 foot of ore have | dewatering of underground workings The Bayer process is initiated by mix- 
been employed, and some surface pits in | accounts for 10% to 15% of the mining | ing crude bauxite with preheated spent 
Arkansas have reached depths of about | cost. leach solution. Lime is added during 

200 feet. The pit walls of unconsolidated this initial step to control the phospho- 
sand and clay are relatively stable; how- Beneficiation.—Bauxite treatment is | rus content and to increase the solubil- 
ever, some slumping does occur. In the | usually confined to crushing, washing, | ity of alumina. The resulting slurry, 
past, a deeper flat-lying ore was recov- | and drying operations. Most of the | containing 40% to 50% solids, is 

ered by room-and-pillar mining along a | bauxites that are mined do not require | pumped with additional caustic leach 

retreating cave line. Underground baux- | the more costly beneficiation tech- | solution to pressurized digesters where 
ite mining ceased in 1976, and the re- | niques used on some other metal ores. | high-pressure steam is used to raise the 
maining surface mining operations in | Moreover, most impurities such as iron, | temperature. Alumina and some of the 
Arkansas are scheduled for permanent | silicon, and titanium are frequently so | silica are dissolved during this step, 
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soluble sodium aluminate is formed, | used to produce aluminum. European | silica ore in proportions that will givea | | 
and a complex sodium aluminum sili- | Bayer plants have traditionally pro- | feed material approximately 12% to 
cate is precipitated. duced a fine-grained, highly calcined, | 13% silica. The combination process is 

Digestion, in tanks 10 to 15 feet in | floury alumina while North American | currently used in one plant in Arkan- 
diameter and up to 90 feet high, takes | Bayer plants have always produced a | sas, which has been scheduled for per- 
up to 5 hours. Leaching temperatures | coarser grained, porous, sandy alumina | manent closure in 1990, and reportedly 
range from about 105° C to about 290° | that has not been totally calcined to the | in several plants within the U.S.S.R. 
C, with corresponding pressures rang- | alpha alumina stage (artificial corun- In the U.S.S.R., alumina is extracted 

ing from about 60 pounds per square | dum). The relatively large surface area | from nepheline [(Na,K)AISiO,] flota- 
inch (psi) to more than 1,000 psi. The | of the sandy alumina particles com- | tion concentrates and other nonbaux- 
lower temperature ranges are used for | pared with the floury alumina particles | itic materials containing about 30% 
bauxites in which nearly all of the | permits their use as an absorbent in dry | alumina. Nepheline syenite has been 
available alumina is present.as gibbsite. | scrubber units at the smelter. Fluorine | mined at Belogorsk in Siberia and ob- 
The higher temperatures are needed to | in the gases emitted by the potlines is | tained as a byproduct of apatite recov- 
digest bauxite having a large percentage | trapped by the alumina and is later | ery from syenite deposits in the Kola 
of boehmite. Caustic concentration of | recycled when the alumina is used as | Peninsula. The process used involves 
the spent leach solution, expressed as | feed for the cell. Pressure from environ- | sintering the nepheline with lime 
grams per liter of sodium carbonate | mental regulations and improved eco- | followed by leaching. Alumina report- 
(Na,CO,), averages about 200 grams | nomics through recovery of fluoride | edly is also produced from alunite 
per liter for gibbsitic bauxite and about | have been important factors in the con- | [KAI,(OH),(SO,),] in: the Azerbaijan 
300 grams per liter for bauxites with a | version of world alumina plants to pro- |.S.S.R. : 
high-boehmite content. — duce a sandy rather than a floury alu- Historically, a small tonnage of alu- 

The resulting slurry of sodium alu- | mina product. — mina has been extracted commercially | 
minate solution and insoluble red mud | © The red mud contains Fe,O;, TiO,, | in Norway from high-iron bauxites by 
from the digesters is cooled to atmo- | the sodium aluminum silicate complex, | the Pedersen process. In this process, 
spheric boiling temperature, and a | and small quantities of other metal | bauxite, limestone, coke, and iron ore 
coarse sand waste fraction is removed | oxides. Because the complex represents | are smelted in an electric furnace to 

| by gravity separators or wet cyclones. | a loss of both alumina and soda, alow | produce pig iron and calcium alumi- 
The fine solids in the red mud are then | reactive silica content in the bauxite is | nate slag containing 30% to 50% alu- 
separated by decantation of the over- | desirable. Reactive silica contents of | mina. The slag is leached with sodium | 
flow in settling tanks measuring about | more than 8% are usually uneconomic | carbonate solution, and alumina trihy- 
15 feet in depth and 50 to 125 feet in | for treatment by the Bayer process be- | drate was precipitated by carbon diox- 

diameter. A flocculant such as starch is | cause approximately 1.1 units (weight | ide. During World War II, the process. 
added to increase the settling rate of the | unit) of alumina and 1.2 units of soda | was also used at a Swedish plant to 
red mud particles. The overflow from | are lost for each unit of reactive silica in | treat andalusite (Al,Si105). 
the settling tanks containing the alu- | the ore. The loss of soda is made up by | 

mina in solution is clarified by filtra- | adding caustic soda or soda ash and | Smelting = 
tion and placed into precipitating tanks | lime to the spent leach solution to bring | os 
ranging in size from 25 to 30 feet in | it up to the appropriate caustic concen- ‘Primary Aluminum Production.— 
diameter and up to 80 feet high. tration before it is recycled. Primary aluminum is produced by the 

The clarified sodium aluminate li- Bauxite with 8% to 15% silica may | reduction of alumina by electrolysis in 
quor is cooled until it becomes super- | be treated by the combination process | a molten bath of natural or synthetic 
saturated, then seeded with fine crys- | developed by Alcoa. In this process, the | cryolite (Na,AIF,), which serves as an 
tals of alumina trihydrate. The alumina | bauxite is first subjected to a Bayer | electrolyte and as a solvent for the 
is precipitated as the trihydrate, sepa- | leach. The resulting red mud, contain- | alumina. The reduction cells or pots 
rated by sedimentation or filtration, | ing sodium aluminum silicate, is sin- | containing the bath are about 10 to 15 
and washed. The spent leach solution | tered with limestone and soda ash and | feet wide, 20 to 40 feet long, and about 
containing caustic soda is regenerated | then leached with water to recover alu- | 3 to 4 feet deep, lined with carbon, and 

in the precipitation step, and together | mina and soda. Alumina produced by | connected in electrical series of 100 to 
with the alumina remaining in solution, | the combination process is of relatively | 240 cells to form a potline. From 800 to 
is recycled to the digesters. The filtered | high purity and commands a premium | 3,000 pounds of aluminum are pro- 
and washed alumina trihydrate is cal- | price. The insoluble residue (brown | duced per day in each pot. The carbon 
cined for use in making metal. A por- | mud) resulting from leaching the sin- | lining is in contact with the molten 
tion of the washed alumina may be left | tered materials has a composition | aluminum metal and serves as the cath- 
in the trihydrate form for chemical uses | somewhat similar to that of portland | ode. It usually must be replaced after 3 

or it may be further processed under | cement. to 4 years. 
controlled conditions to produce a va- The upper limit of silica for use in Cryolite and aluminum fluoride are 
riety of chemical aluminas, such as | the combination process is about 15%. | added to the electrolyte to maintain the 
activated or tabular alumina for uses | However, in practice, bauxite contain- | desirable ratio of sodium and alumi- 
other than metal production. ing some clay and as much as 25% | num fluoride and to replace fluorine 

Two forms of calcined alumina are | silica is mined and blended with low- | lost from the cell in pot linings or 
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through volatilization. The melting | treatment to remove fluorine; the off- | cathode spacing. Moreover, localized 
point of the bath is lowered by the | gases from a Soderberg cell are difficult | thermal effects may distort the carbon 
addition of small quantities of fluor- | to collect, necessitating fluorine recovery | lining. 

spar or, in some instances, lithium | from a larger volume of gas than that Production cells normally have cur- 
| compounds. The carbon anode, which | required in prebaked systems. rent efficiencies ranging from 85% to 

is consumed during the operation, is The molten bath or electrolyte may | 93%. Metal losses are principally 
| replaced using the Soderberg continu- | be as deep as 14 inches, but the anode | caused by reoxidation of aluminum in 

ous method or the prebaked method. is usually only 2 inches from the pad of | the electrolyte and by physical loss of 

In the Soderberg method, a rein- | molten aluminum collecting on the car- | metal through vaporization from the 
forced rectangular steel shell, approxi- | bon cathode. The optimum operating | bath or spillage. The resistance of the 
mately 3 to 5 feet high and open at the | temperature is between 950° to 985° C. | bath is sufficient to maintain the oper- 
top and bottom, is suspended above the | At this temperature range, the alumina | ating temperature. However, heat en- 
furnace. The carbon mass of paste or | content of the bath ranges from 3% to | ergy is lost by radiation, thermal con- 

| briquets of coke and pitch within the | 10%. When the alumina concentration | ductance through electrode connections, 
shell forms the anode and is added | drops to about 2%, the electrical resis- | in exhaust gases and tapped metal, and 
periodically as the anode is consumed. | tance of the cell increases sharply, | in electrodes removed from the cells. 

: Current enters the anode through rows | chiefly because of a gas film that en- To prevent atmospheric pollution, 
of pins inserted into the carbon mass | velops the anode, and the voltage drop | fumes evolved from the cells during 

| either vertically or horizontally. The | across the cell increases from 5 volts to | electrolysis are removed from plant off- 
| heat of the bath and the heat resulting | 30 to 40 volts. The phenomenon is | gases by a collection and wet-scrubbing 

from the electrical resistance of the | known as the “anode effect,” and as | system or by a dry process whereby the 
carbon bake the anode mass so that it | soon as it occurs, the crust of frozen | fluorine is absorbed by alumina and 

| becomes a hard monolithic mass from | cryolite on top of the bath is broken | recycled. 
the surface of the electrolyte to a point | and more alumina is added to the cell, | 

| approximately 20 inches above the | which then returns to normal operating Superpurity Aluminum Processing.— 
7 bath. As the carbon anode is consumed | condition. The production of superpurity alumi- 

and additional carbon descends Every 1 or 2 days the molten alumi- | num, 99.99+ % purity, requires special 
through the rectangular steel shell and | num is removed from the bottom of the | procedures, such as a continuous elec- 

| is consumed, the lowest pins are with- | cell by a vacuum siphon technique. | trorefining of commercially pure alu- 
: drawn and replaced at higher levels in | Thermally insulated cast-iron pots with | minum in a Hoopes cell. This cell 
: the carbon mass. The optimum anode- | airtight lids and downward-sloping | employs three molten layers of metals 
- cathode distance is maintained by rais- | spouts are used to withdraw the molten | or bath materials of different densities. 

| ing or lowering the cathode mass via | metal. The pot is evacuated, and the | The bottom layer is the anode, a rela- 
, the pins, which become baked into the | molten metal is sucked into the cast- | tively impure aluminum alloyed with 

lower part of the carbon block. -| iron pot. The molten metal is blended | copper to increase its density. The in- 
- In the prebaked anode system, sets of | in a holding furnace with other batches | termediate layer is molten cryolite elec- 
- 16 to 24 prebaked carbon blocks are used | and alloyed and cast into various solid | trolyte with alkaline earth metal fluo- 

for the anode. The size of the blocks | forms or transported molten to fabri- | rides added to give the desired density, 
varies from plant to plant; typical blocks | cating plants as far as 300 miles away. | always greater than pure aluminum. 

: are about 20 inches wide, about 30 inches Utilizing direct current, cells operate at | The top layer, which serves as the cath- 

/ long, and 12 to 18 inches high. They | 65,000 to 150,000 amperes; the majority | ode, is the molten superpurity alumi- 
| weigh 400 to 600 pounds. Steel stubs or | of plants have 80,000- to 100,000-ampere | num that floats on the electrolyte layer. 

rods, which suspend the block in the | cells. Anode current densities range from 
bath and conduct the current to the | 600 to 800 amperes per square foot. The Recycling. —In recycling, aluminum- 

| carbon, are sealed in the anode block by | voltage drop across a single cell is 4.5 to | base scrap is usually melted in gas- or 
| pouring molten iron around the rod and | 5.0 volts; across a potline, it may be as | oil-fired reverberatory furnaces of 

allowing it to solidify. The blocks are | high as 1,000 volts. 30,000 to 100,000 pounds capacity, 
raised or lowered separately to maintain | The larger cells require less labor per | sometimes with primary ingot metal. 
proper position with respect to the bath | pound of aluminum produced, but spe- | The furnaces have one or two charging 
and are replaced individually as they are | cial problems are encountered in cells | wells separated from the main bath by a 
consumed. designed to operate at 100,000 or more | refractory wall that permits only mol- 

The Soderberg system requires less la- | amperes. The larger currents cause | ten metal into the main bath. The 

bor and, except for moving the steel pins, | powerful magnetic fields in the molten | principal refining of aluminum-base 
is a continuous method of feeding anode | aluminum metal and the bath, resulting | scrap is the removal of magnesium by 
carbon. The prebaked system results in | in violent agitation. This agitation | treating the molten metal with chlorine 
better electrical efficiency in the reduc- | causes aluminum to be dispersed in the | or with various fluxes such as alumi- 
tion cell but requires separate anode fab- | bath, increasing the possibility of re- | num chloride, aluminum fluoride, or 
ricating and rodding facilities not re- | versing the reduction reaction. Another | mixtures of sodium and potassium 
quired in the Soderberg system. The | detrimental effect is that the molten | chlorides and fluorides. To facilitate 
prebaked system permits efficient collec- | metal piles up toward the negative | handling, a significant proportion of 
tion of the cell offgases for subsequent | leads, causing a variation in the anode- | the old aluminum scrap, and in some 
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cases new scrap, is simply melted to | in countries such as Brazil. Although Fulford, G. D. Scavenging Non-Filterable [ron From 
f olid j t called “ d vig.” | bundant d lab d Bayer Liquors Using Activated Bayer Digester Sands. 
orm a solid ingot called “sweated pig,” | energy was abundant and labor an Paper in Light Metals 1989, ed. by P. G. Campbell, 
which must be further treated to pro- | supply costs in Brazil traditionally have | tws-AIme, Warrendale, PA, pp. 77-89. 
duce specification-grade ingot. been low, extreme inflation in 1988 and °Federal Register. Department of Transportation. El- 
Aluminum drosses containing about | 1989 made Brazil a higher-cost pro- | evated Temperature Materials. V. 54, No. 182, Sept. 21, 

30% metallics are usually crushed and | ducer when costs were reported in U.S. | '98% PP. thee of ed States Trade R 
screened to bring the metallic content | dollars. © » Office Of the United States Trade Represen- 

. . tative. Implementation of the Accelerated Tariff Elimi- 
up to about 60% to 70%. They are then In terms of relative costs competi- | nation Provision in the United States; Canada Free- 
melted in a reverberatory furnace, with | tiveness in 1988, Australia and Canada | Trade Agreement. V. 54, No. 135, July 17, 1989, pp. 
the molten aluminum metal collecting | were the lowest cost aluminum produc- | 29959-29972. 
on the bottom of the furnace. Salt slags | ers, principally because of low-cost en- peau or Mines. Nonferrous Metal Prices in the 

containing less than 30% metallics may | ergy and lower alumina and supply | “mtd States Through 1988. Speg. Publ. 198?) pp. I | 
be leached with water to separate the | costs. Latin American countries such McAuliffe, D. and I. M. Marsh. Production of Can . Pp 7 ~ Body Stock From Caster II Continuous Cast Strip. 
metallics. as Brazil have traditionally been low- | paper in Light Metals 1989, ed. by P. G. Campbell, 

| W cost producers; Brazil’s costs, in the | TMS-AIME, Warrendale, PA, pp. 739-741. 
Economic Factors midcost range, reflected the high infla- Dunning, J. S. and S. C. Rhoads. Effects of Al 

Aluminum production costs at alu- | tion rates present in that country in | Additions on Sulfidation Resistance of Some Fe-Cr-Ni 
. oe . . . . Alloys. BuMines RI 9278, 1989, 19 pp. 

minum mining and primary processing | 1988. The U.S. aluminum industry also 4 . 
eqeue : . . McCawley, F. X. and L. H. Baumgardner. Alumi- 

facilities were affected by internal fac- fell in the middle of the cost range, | num. Ch. in Mineral Facts and Problems, 1985 Edition. 
tors such as variations in bauxite type | indicative of the domestic aluminum | BuMines B 675, 1986, pp. 9-31. 
and quality, stripping ratios, caustic | industry’s recent efforts in cost reduc- 'SPatterson, S. H., H. F. Kurtz, J. C. Olson, and C. 

soda consumption rates, and energy | tion and restructuring. European alu- | L- Neeley. World Bauxite Resources. U.S. Geol. Survey 
: 4: : Prof. Paper 1076-B, 1986, 151 pp. 

and alumina costs. In addition, exter- | minum producers appeared to be the ‘6 | 
nal fact h f . h hishest t ti _ '°U.S. Geological Survey and U.S. Bureau of Mines. 

a c Ors suc as Torelgn exchange ignest cost operations. | Principles of a Resource Classification for Minerals. 
rates, inflation, and world market oe U.S. Geol. Survey Circ. 831, 1980, 5 pp. 
prices for products affected aluminum '7Prepared by David R. Wilburn, mineral specialist, 

producers. The Bureau’s . Minerals 'Federal Register. Environmental Protection Agency. | Bureau of Mines, Minerals Availability Field Office, 
Availability Program (MAP) monitors | Mining Waste Exclusion; Final Rule. V. 54, No. 169, | Denver, CO. 

these factors to determine variations in | S¢Pt- 1, 1989, pp. 36591-36642. - 
the industry and changes in the cost —, International Trade Commission. Calcined OTHER SOURCES OF INFORMATION 

titiveness of major aluminum Bauxite Proppants From Australia. Investigation No. 

rod 1 , J 731-TA-411; Final. V. 54, No. 64, Apr. 5, 1989, p. 
roducin ntries. . . 

P cing countries . or 13749. Bureau of Mines Publications 
Table 41 summarizes the principal 3_____., International Trade Commission. Dry Alu- . . . . 

. . , a Aluminum. Ch. in Mineral Commodity 
production costs of aluminum for se- | minum Sulfate From Sweden. Investigation No. 731- S . ; 

lected countries in average 1988 U.S. | T4430: Preliminary. V. 54, No. 64, Apr. 5, 1989, pp. vm? ane . 
oo, . : 13749-13750. Bauxite. Ch. in Mineral Commodity 

dollars. The wide spread in electric 4 . oo, , . 
. : ————. International Trade Administration. Final Summaries, annual. 

power costs among primary aluminum Determination of Sales at Less Than Fair Value; Alumi- Primary Aluminum Plants Worldwide, 

operations was a pr incipal reason for | num Sulfate From Venezuela. V. 54, No. 205, Oct. 25, 
Loe . . . Parts I and II, annual. 

large variations in aluminum ingot pro- | 1989, pp. 43438-43440. 
. e . 5 . . o ° . 

duction costs among producing nations. jumoine. ana aI Trade vitae tay Anti- | Other Sources | 
As a result, many energy-intensive plants | CUmPIn8 Duty Sréer: Aluminum Sulfate Mrom menezu Aluminum Association Inc. Aluminum 
h | d si : ela. V. 54, No. 240, Dec. 15, 1989, p. 51442. _ : 
ave Closed since 1980, and operating “International Trade Administration. Counter- Statistical Review, annual. 

facilities have implemented energy- vailing Duty Order: Aluminum Sulfate From Venezuela. American Metal Market (daily paper). 

conserving technology. Countries with | V. 54, No. 242, Dec. 19, 1989, p. 51908. Industrial Minerals (London), monthly. 
lower energy costs appeared to have a “Liles, K. J. Mechanical and Physical Properties of International Bauxite Association. IBA 
cost advantage over other producers. Particulate Composites in the System Titanium Nitride- Review, quarterly. 

oe . : Alumina-Aluminum Nitride. BuMines RI 9272, 1989, 7 
Extreme variations in inflation rela- | ,,, Metals Week. 

tive to foreign exchange rates were an- 7NASA Tech Briefs. Alumina-Enhanced Thermal Roskill Information Services Ltd. 
other factor affecting production costs | Barrier. V. 13, No. 4, Apr. 1989, p. 78. Aluminum 1988, 3rd ed. 
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| | TABLE 41 | 

ALUMINUM PRODUCTION POTENTIAL AND COSTS FOR SELECTED COUNTRIES 

(Average 1988 U.S. cents per pound of aluminum) | 

Annual Operating costs Transport Net 0% DCFROR* 15% DCFROR? 

Country production Supplies/ Overhead to operating Recovery of Total Ret Total 
(thousand upplies capital ota 4 Kelurn on = 1ota 

a metric tons) Labor “alumina E"erey smelter - cost* Taxes cost TAX€S” investment cost 

Producing | 
operations: | | | 

Australia. 2,318 8.4 23.4 12.4 4.2 0.8 49.2 3.2 0.3 52.7 5.2 5:9 © 63.5 

Brazil 2,407 5.0 28.3 18.0 4.9 4 56.6 4.4 4 61.4 2.0 8.9 71.9 

Canada 3,057 11.2 25.8 5.4 3.9 6 46.9 3.3 i) 50.7 8.7 5.9 64.8 

France 639 13.4 34.2 20.5 7.0 4 75.5 4.5 3 80.3 5.0 6.1 91.1 

Germany, | | 
Federal | 

Republic of 1,518 17.9 33.1 25.4 8.4 1.1 85.9 3.7 4 90.0 7.1 5.8 102.5 

India 610 14.6 29.3 33.1 8.4 NA 85.4 2.4 1 (87.9 3.6 4.0 95.4 

Italy 499 18.7 34.0 21.2 8.0 a) 82.2 4.3 4 86.9 4.7 5.5 96.7 

Norway 1,624 17.5 30.4 11.3 6.4 1.2 66.8 3.1 2 70.1 5.6 5.3 80.8 

Spain . 681 10.3 38.0 25.7 7.6 1 81.7 3.6 | 85.4 2.2 5.2 92.7 

Switerland 126 18.6 25.8 15.0 7.4 2.2 69.0 6.2 3 75.5 2.9 7.4 85.5 

United Kingdom 571 13.4 37.2 21.7 7.5 Oo. 80.7 3.2 2 84.1 2.9 — 5.3 92.1 

United States 579 12.8 21.5 20.7 6.5 7 62.2 1.7 7 64.6 2.5 3.7 70.1 

Total or | : 
average° 26,840 11.2 25.4 16.5 5.6 7 59.4 3.0 6 63.0 5.2 5.6 73.2 

Nonproducing _ 

operations: | 

Total or | | | 
average ° 2,410 9.9 28.6 10.4 4.7 4 54.0 2 3.2 57.4 30.8 26.7 111.7 

All operations: | 

Total or 
average ° 29,250 11.1 25.6 16.0 5.6 7 59.0 2.8 8 62.6 7.1 8.5 77.4 

NA Not available. 

' Based on total recovered aluminum divided by life of smelter. 

*Costs may not total because of individual rounding. 

3 Discounted Cash Flow Rate of Return. 

4 Taxes at 15% reflect higher revenues needed to obtain 15% return on investment. , 

Total cost (15%) = Total cost (0%) + (taxes (15%) — taxes (0%) + return on investment. 

© Reported figures are totals or weighted averages of all operations considered in this study. Other countries include Argentina, Austria, Bahrain, Greece, Iceland, Indonesia, Iran, Mexico, the Netherlands, 

New Zealand, Qatar, Suriname, Turkey, the United Arab Emirates, and Venezuela. 

Source: Bureau of Mines, Minerals Availability Field Office, Denver, CO. 
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| By Deborah A. Kramer 

Ms. Kramer is a physical scientist with the Branch of Nonferrous Metals. She has covered beryllium for 6 years. Domestic 
survey data were prepared by Ruth A. Hough and Lura M. Nightlinger, Nonferrous Metals Data Section. International data were 
prepared by W. Zajac, International Data Section. : | 

oftness in the defense, semicon- | pressed beryllium billets in 1989, under a TABLE 2 
& ductor, and computer markets | contract awarded to Brush Wellman in STOCKPILE STATUS, 

resulted in lower domestic beryl- | 1988. Of the 27 tons purchased and DECEMBER 31, 1989 
lium production and consump- | delivered under the 1988 contract, 21 

tion. Concern about health hazards as- | tons must be tested before it is accepted (Metric tons, beryllium content) 
sociated with beryllium oxide ceramic | in the NDS. Total NDS inventories and 

components resulted in a decrease in | goals for beryl ore, beryllium-copper Material Goal Inventory 

their use in some defense applications. | master alloy, and metal are shown in | Beryllium ore | 653 653 
Although total beryllium demand de- | table 2. Beryllium-copper . _ 

creased, beryllium alloys, such as Alloy In September, the Environmental Pro- | master alloy 287 268. 

174, gained new uses in automotive | tection Agency issued a final ruling on | Beryllium metal 363 269 
electronics components, and new alloys | the criteria to evaluate mineral processing | 
were introduced for use as molds for | wastes for exclusion from regulation un- | 
injection-molded plastics. der subtitle C of the Resource Conserva- The U.S. Department of Commerce 

Brush Wellman Inc. remained the sole | tion and Recovery Act (RCRA). Barren | planned to investigate reports that De- 
U.S. mine producer of beryllium ores | filtrate, raffinate, and bertrandite thick- | gussa AG of the Federal Republic of 
and the only company with the facilities | ener sludge from primary beryllium proc- | Germany shipped a small quantity of 
to process ore into alloys, metal, and | essing operations were candidates for ex- | high-purity beryllium metal to India 
oxide. Because of a drop in profits, the | clusion under the original criteria | without obtaining an export license. 
company planned to consolidate or sell | established in 1988. To be excluded from | International shipment of beryllium 
some of its metals businesses to reduce | regulation under RCRA, waste streams | metal is strictly controlled because of 
costs. -| must pass high-volume and low-toxicity | the metal’s applications in nuclear 

criteria established in the final ruling. | weapons. Commerce officials indicated 

re  «éBarren filtrate and raffinate waste | that an application for shipment of 
LEGISLATION AND streams did not pass the high-volume | beryllium would have been denied be- 

GOVERNMENT PROGRAMS criteria and were no longer excluded | cause India did not sign the nuclear 7 

Td from )=RCRA. Bertrandite thickener | nonproliferation treaty. 
slurry was reclassified as a beneficia- 

The National Defense Stockpile | tion waste and was to be regulated | —  — SSSSSSSSSSSSSSSSSSSSSSSSC 
(NDS) acquired 6 metric tons of hot- | under the subtitle D+ program.’ PRODUCTION 

TABLE | Mine shipments of beryllium concen- 
SALIENT BERYLLIUM MINERAL STATISTICS trates declined, continuing a 2-year 

(Metric tons of beryllium metal equivalent unless otherwise specified) heniiurt oxide. and beriiun-covpe, 

| master alloy also decreased. Brush Well- 
8S _—1986_—1987_198B_ 1989 | Man remained the sole ore processor in 

United States: the United States, treating bertrandite, 
Beryllium-containing ores: imported beryl, and small quantities of 

Mine shipments 209 237 220 212 184 | domestically produced beryl at its plant 

Imports for consumption, beryl! 60 54 83 35 24 | in Delta, UT. 

Consumption, reported 287 288 323 243 217 To provide faster service to customers 

Price, approximate, per short ton unit BeQ, with small orders, Brush Wellman com- 
imported cobbed beryl at port of exportation $87 $88 $84 $93 $90 | pleted a $5 million expansion program at 

Yearend stocks 181 177-164 158 153 | its beryllium-copper rolling facility in 
World: Production! 326 330 317 + +332 +~+~+©303 | Reading, PA. New equipment installed at 
“Euimaed. Pelimmay ‘Reise «Ys thee plant included a 10-inch-wide cluster 
' Based on a beryllium metal equivalent of 4% in beryl. mill with computerized feed control, a 
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| strand annealing furnace, and a chemical | vacuum cast ingot, 98.5% pure $225 WORLD REVIEW 
cleaning line. The company expected to | Metal powder, in 1,000-t04,999- |§ —————_——_—_——__________—_ 
provide its customers with shorter re- | pound lots and 98.5% pure 196 

| sponse times, larger coils, and improved | Beryilium-copper master alloy 160 Capacity data for beryllium mining 
thickness control. | Beryllium-copper casting alloy $5.52- 6.30 | Operations are presented in table 7. 

_ Late in 1989, Brush Wellman an- Beryllium-copperinrod,ba,_——~S~=~S~S Beryl mining operations outside the 
nounced that it would consolidate and | wire | a 9.85 | United States employ manual labor to 
sell a few of its metal businesses to | Beryilium-copper in strip ..=—=—~—~=«8.90 | Separate beryl crystals from the host 
reduce costs and streamline operations. Beryllium-aluminum alloy,in. SOS rock, and capacity data for such oper- 
Specifically, the company planned to |  100,000-pound lots 260 ~ +‘| ations represent average production fig- 
sell the unrelated custom rolling business | Beryiium oxide powder =S*~=<C«~*«~CS*«C*«SS<«CHS—* | «ES. OOUtputt from manny operations, 
of its subsidiary, Metals Engineering | ——————_____"—-——— | particularly those in Africa, was depen- 
Co., and consolidate the remainder of dent largely on the economic and polit- 
its metals systems operations at the Changes in beryllium metal prices | ical situation within the country. 
Lincoln, RI, location of its Technical | from 1932 to 1988 and a brief analysis Hecla Mining Co. announced that it 
Materials Inc. subsidiary. In addition, | of the factors that influenced the | would withdraw from its joint venture 
Brush Wellman planned to seek a part- | changes were included in a Bureau of | with Highwood Resources Ltd. to de- 
ner or buyer for its clad metal systems | Mines report on nonferrous metals | velop a beryllium-containing deposit in 

| business in Japan because of losses in | prices.’ | the Northwest Territories, Canada. Al- 
1988 and 1989. The company expected though a processing design was devel- 
that the restructuring plan would affect | = CCSC#:-« Pl, the company encountered difficul- 
about 10% of Brush Wellman’s 2,200 | FOREIGN TRADE ties in marketing the product. Highwood 
employees.” TT | Resources planned to assess other alter- 

natives for the project. 
| a In 1989, the United States imple- 

CONSUMPTION AND USES mented the Harmonized Tariff System | _- 
nn st CATS), which resulted in changes in | QUTLOOK 

| classifications for some _ materials. —_—-#--—77—-7,____——_ 
Because of softness in defense, semi- | Some data that were aggregated under 

| conductor, and computer markets, de- | one category in the Tariff Schedule of Although total beryllium demand 
mand for beryllium products declined | the United States (TSUS) classification | has declined each year since 1987, this 
in 1989. In addition, concern about the | system were separated under the HTS, | trend is not expected to continue over 
potential health hazards of beryllium | and some data that were separated in | the next few years. The consumption of 
oxide ceramic components led to a de- | the TSUS system are aggregated in the | beryllium is influenced largely by the 
cline in their use in some defense- | HTS. Consequently, trade data that | requirements for beryllium-copper al- 
related applications. can be identified specifically with one | loys, which represents more than one- 

Although overall beryllium demand | commodity may have changed, and | half of the total demand. Increased use 
decreased, the use of Alloy 174, a | data for 1989 were not comparable to | of beryllium alloys in automotive elec- 
lower cost beryllium-copper alloy, con- | that of 1988 and previous years. For | tronic components was expected to be 

| tinued to increase in automotive elec- | beryllium, data on exports of metal and | an important factor in alleviating the 
tronics. Brush Wellman also introduced | waste and scrap in 1989 were not ex- | downturn in demand. In addition, ap- 
two new beryllium-copper alloys for | actly comparable to 1988 export data, | plications for Alloy 174 were expected to 
use as molds for injection-molded plas- | and import data for beryllium metal | expand because of its lower cost com- 
tics for automotive, industrial, and | and compounds differed from those in | pared with traditional beryllium-copper 
consumer applications. previous years. alloys, and its superior performance rel- 

Exports of beryllium-copper alloys | ative to the materials it can replace. 
could not be separately identified in the 

oo S*|s«éBurreau Of the Census data. The Jour- 
PRICES nal of Commerce Port Import/Export 

TTT wn 7 | Reporting Service (PIERS) provided BACKGROUND 
some information on these exports. 

Metals Week quoted a price of beryl | According to PIERS, 300,678 kilo- | Products For Trade and Industry 
ore at a range of $78 to $85 per short | grams (gross weight) of beryllium- A wide variety of applications use 
ton unit (20 pounds) of contained be- | copper alloys was exported from the | beryllium in one of three forms—metal, 
ryllium oxide throughout 1989. At | United States, with almost 80% of the | oxide, and alloys. Beryllium-copper al- 
yearend, American Metal Market | material shipped to France. In addi- | loys are the principal form, averaging 
quoted the following prices, in dollars | tion, 29,508 kilograms (gross weight) | about 65% of annual consumption on a 
per pound, for beryllium and beryllium | of beryllium-copper master alloy was | beryllium metal equivalent basis. These 
alloys; beryllium-copper master alloy | exported, with 63% shipped to France, | alloys, most of which contain approxi- 
was quoted in dollars per pound of | 33% to the Federal Republic of Ger- | mately 2% beryllium, are used because 
contained beryllium: many, and 4% to Brazil. of their high electrical and thermal con 
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TABLE 3 ductivity, high strength and hardness, 

U.S. EXPORTS OF BERYLLIUM ALLOYS, good corrosion and fatigue resistance, 
WROUGHT OR UNWROUGHT, AND WASTE AND SCRAP,’ and nonmagnetic properties. Beryllium- 

BY COUNTRY copper strip is manufactured into 
springs, connectors, and switches for 

agg use in applications in automotive, aero- 
Country “Quantity ~~+~Vailue “Quantity ~~-Vailue space, radar and telecommunications, 

(kilograms) (thousands) (kilograms) (thousands) | factory automation, computer, home 
Angola” ee appliances, and instrumentation and 
—— control systems. The principal use of 
Australia — — 22. 9 large-diameter beryllium-copper tubing 
Belgium — — 277 40 is in oil and gas drilling equipment and 
Brazil 118 $3 — — bushings and bearings in aircraft landing 
Canada 2,102 331 3,415 524 gear and heavy machinery. Connectors 
China 173 38 37 50 in fiber optic telecommunications sys- 

France 5,604 2,271 1,954 784 tems are the main application for 

Germany, Federal beryllium-copper rod, and small plug- 
Republic of 4,944 1,145 910 353 gable sockets for joining integrated cir- 

Hong Kong 4 11 — — cuits to printed circuit boards is the main 

India © me 73 10 — _ use for beryllium-copper wire. Beryl- 

Ireland a 359 7 80 9 lium-copper bar and plate are used in 
Israel ti(‘i‘;7C CS*™S _ | _ 200 156 resistance-welding parts, components for 
lay 109 4 353 55 machinery and materials-handling sys- 
Jaan SOtCSSS 3077 808 716 385 tems, and for molds to make metal, 

EEE Ona , glass, and plastic components. 
Korea, Republic of 552 15 7 12 Beryllium also is used in small quan- 
Malaysia 32 7 — — tities in nickel- and aluminum-base al- 
Mexico 75 17 1,014 14 loys. Miniature electronic connector 
Netherlands 1,290 138 7,741 190 components that operate at high temper- 
Peru 304 7 — — atures are the main use for beryllium- 

Singapore 18 8 — — nickel alloys. Beryllium-aluminum alloys 

Sweden — _ 46 7 are used as castings in the aerospace 

Switzerland 298 159 937 248 industry. Addition of small quantities 
Taiwan tti(<Citst‘ 15,301 135 138 27 of beryllium to magnesium alloys in- 
Tawania _ _ 8.825 , hibit oxidation um mea wasn 
oo averages abou o of annual domestic 
United Kingdom 3,365 1,778 7,435 1,062 demand, is used principally in aerospace 
Other 2 — tb ____* | and defense applications. Its high stiff- 
Total SII 894384261 3847 ness, light weight, and dimensional sta- 

' Consisting of beryllium lumps, single crystals, powder; beryllium-base alloy powder; and beryllium rods, sheets, and wire. bility over a wide temperature range 

Source: Bureau of the Census. make it useful in satellite and space 
vehicle structures, inertial guidance sys- 
tems, military aircraft brakes, and 
space optical system components. Be- 

TABLE 4 cause metallic beryllium is transparent 

U.S. IMPORTS FOR CONSUMPTION OF BERYL, BY COUNTRY to X-rays, it is used in X-ray windows. 
In nuclear reactors, beryllium also 

Seem S@FVES a canning material, as a neu- 
— —_____-—__________ | tron moderator, in control rods, and as 

Country Quantity Value Quantity Value a reflector. The metal has been used as 
(metric tons) (thousands) (metric tons) (thousands) . . . 

Baul SSC”S”STS”SC~SRBSCSSOSST a triggering device in nuclear warheads. 
$$ —__§ Other applications for metallic beryl- 

Chima 122 161 35 44 lium include high-speed computer com- 
France 58 10 — — ponents, audio equipment compo- 
HongKong 30 55 — — nents, and mirrors. In the U.S. space 
Madagascar 10 8 — — shuttles, several structural parts and 
Morocco — — 22 20 brake components used beryllium. 

Zimbabwe — — 18 19 Beryllium oxide (beryllia) is an excel- 
Total 884 911 601 655 lent heat conductor, with high hardness 
Source-BureaucfiheGaus.~S=<“‘™SOSOOs«#Fs and Strength. This material also acts as 

an electrical insulator in some applica- 
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| TABLE 5 

U.S. IMPORTS FOR CONSUMPTION OF BERYLLIUM METAL AND COMPOUNDS 

| _ Beryllium-copper Beryllium, unwrought | Beryllium oxide 
Year master alloy and waste and scrap and hydroxide 

Quantity ~ Value Quantity Value Quantity Value 

| (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 

1989 | 19,000 $216 14,395 $344 | 13,546 $40 

Source: Bureau of the Census. | ; 

TABLE 6 trandite by open pit methods. Unlike 
) U.S. IMPORT DUTIES beryl, in which the mineral can be 

| ) | identified by color and crystal struc- 
7m HTS Most favored nation (MFN) Non-MEN ture, bertrandite mineralization cannot 

Tariff item No. Jan. 1,1989 ~~» Jan. 1, 1989. | be recognized with the naked eye. Con- 
Ore and concentrate. ~-2617.90.0030..°  +~-re Free | Sequently, Brush Wellman conducts a 

Unwrought beryllium ____‘8112.11.6000——=8.5% adval. ——-25.0% ad vai. | S°0logical and geochemical evaluation 
Beryllium, wrought ___—_-8112.19.0000_——*S.5% adval.___—_—_—45.0% ad val. | O”) 4 SPectiic area, Tolowed by a anit 
a  ___ _________—"_____*| ing program to determine if an eco- 

Beryllium waste and scrap 8112.11.3000 Free Free nomic ore body exists. 

Beryllium-copper master alloy 7405.00.6030 6.0% ad val. 28.0% aad val. After delineating an ore body, over- 
Beryllium oxide or hydroxide 2825.90.1000 3.7% ad val. 25.0% ad val. | burden is removed within 7 feet of the 

ore body by a local earth-moving con- 
tractor during the winter and spring. 

tions. Beryllium oxide, averaging about | with beryl, to beryllium hydroxide at its | This stripping operation requires about 
15% of U.S. demand, serves mainly as | facility in Delta, UT. Beryllium hydrox- | 9 months for completion. In the 7-foot 
a substrate for high-density electronic | ide is shipped to the company’s plant in | cover remaining, drill benches are con- 
circuits for high-speed computers, au- | Elmore, OH, where it is converted into 
tomotive ignition systems, lasers, and | beryllium alloys and metal. Brush Well- | 
radar electronic countermeasure sys- | man also produces beryllium oxide TABLE 7 
tems. Because it is transparent to mi- | from the hydroxide at a plant in Tuc- WORLD ANNUAL BERYL 
crowaves, microwave communications | son, AZ. At a plant in Reading, PA, PRODUCTION CAPACITY, ' 
systems and microwave ovens may use | NGK Metals Corp. produces beryllium DECEMBER 31, 1989 
beryllium oxide. alloys from beryllium hydroxide pro- , , . 

Because of its high cost compared | duced by Brush Wellman, under a toll- (Metric tons, contained beryiltum) 
with that of other materials, beryllium | ing agreement. — 
is used in applications in which the Production from labor-intensive | SS S—C—CSCS~zpaacity 
‘properties are crucial. Steel, titanium, | beryl mining operations outside the | North America: United States* = _360__ 
or graphite composites substitute for | United States is sporadic, except for the | South America: 
beryllium metal in some applications, | largest producers, Brazil, China, and Argentina 4 

and phosphor bronze substitutes for | the U.S.S.R. Two properties being de- Brazil | 65 
beryllium-copper alloys, but these sub- | veloped in North America may provide Total 69 
stitutions would result in substantial | additional beryllium ore supplies. A | Buope: 82 
loss in performance. bertrandite mine near El Paso, TX, is Portugal tsts=—<CSststsS 3 

| being developed by Cyprus Minerals USSR. 7 
Industry Structure Co., and a deposit containing phenacite | ————-_________ ———— 

Although beryllium is a constituent of | (a beryllium mineral) and rare-earth __Totah vs 
over 90 minerals, only 2 are exploited | minerals is awaiting development by Africas 
commercially for their beryllium con- | Highwood Resources Ltd. _Madagascar 5 
tent. Bertrandite (4BeO*2SiO,*H,O) is Mozambique 3 
the principal ore mined in the United | Technology Rwanda 3 
States, and beryl (3BeO*Al,0,°6Si0.,) is Outside the United States, where the South Africa, Republic of 3 

the principal ore mined in the rest of the | principal beryllium mineral mined is Zimbabwe 5 
world. beryl, the main method used is pick- Total 19 

The United States is the only market and-shovel mining of weathered peg- | Asia:China i (i (i‘(‘( ét;t;t*é~™S# 75 
economy country that can process be- | matites. After mining pegmatite ore, Worldtotal  ©»~»©<603-— 

ryllium ore and concentrates into beryl- | beryl crystals are hand-picked from the TTncludes capacity at operating plants as well as at plants on 

lium products. Brush Wellman mines | waste material. standby basis. 
bertrandite and converts this ore, along In Utah, Brush Wellman mines ber- | *!nctudes bertrandite ore. 
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TABLE 8 used for production of beryllium 

BERYL: WORLD PRODUCTION, BY COUNTRY! | metal, oxide, and alloys. 
To produce beryllium-copper master 

(Metric tons) alloy, beryllium hydroxide, electrolytic 
copper, and carbon are combined in an 

Country 1985 1986 1987 1988" 1989° | electric arc furnace. The resultant melt 

Argentina 31 50 46 39 40 | containing about 4% beryllium is cast 
Brazil 877 1995 250 913 900 | into ingots. Remelting master alloy in- 
Madagascar 2 50 50 50 ?4) (4) | gots with additional copper and other 
Mozambique 2 tst™~CS~S €6 r () (5) _ alloying elements yields the desired 
Portusaal beryllium-copper alloy, which is then 
ortugal 2 — 4 4 4 . > 

So cast into slabs or billets. Slabs of 
Rwanda (concentrate, gross . 
weight) 7 _ _ _ _ beryllium-copper alloys are further 
South Africa, Republic of 5 3 (4) (4) _ Processed to tip OF Plate, and pues 

US.S.R.° 1,900 1,900 —-*2,000 2,000 2,000 | Ae extruded into tube, Tod, bar, an 
United States® (mine wis products. . . 
shipments) 5,205 5,927 5,499 5,313 34,592 | _ Beryllium oxide powder is produced 

Sr by dissolving beryllium hydroxide in 
Zimbabwe (concentrate, gross . . . . 
weight) 38 103 83 33 50 | sulfuric acid. The resulting beryllium 
Total 8.141 8,259 7,932 8,302 7,586 sulfate solution is concentrated by evap- 

———_ > 3 dd —#§ ——— | oration and cooled to yield beryllium 
Estimated. Preliminary. ‘ Revised. os 

'In addition to the countries listed, China produced beryl and Bolivia, Namibia, and Nepal may also have produced beryl, but available sulfate tetrahydrate crystals. Calcining 

information is inadequate to formulate reliable estimates of production. Table includes data available through Apr. 27, 1990. these crystals at temperatures up to 

syncs ornamental and industrial products. | 1,430° C yields beryllium oxide powder. 

4 Less than 1/2 unit of measure; for Madagascar, production for 1988 and 1989 was 3 kilograms and 3 kilograms (estimated), respectively To produce beryllium metal, beryllium 

and for the Republic of South Africa, production for 1987 and 1988 was 135 kilograms and 72 kilograms, respectively. hydroxide is dissolved in an ammonium 
> Revised to zero. bi fl ° d ] ti d t d t 

© Includes bertrandite ore, calculated as equivalent to beryl containing 11% BeO. 1 uoride solu 10n an evapora © . 0 

yield an ammonium beryllium fluoride 
salt. Decomposing the salt at 700° C to 

structed on 25-foot centers to take sam- | then leached with a sulfuric acid solu- | 900° C produces molten anhydrous be- 
ples of the ore body at 2-foot intervals. | tion at about 95° C to dissolve the | ryllium fluoride, which is reacted with 
Information obtained from analyzing the | beryllium, forming a beryllium sulfate | magnesium to produce metallic beryl- 
samples allows cross-sectional and con- | solution. In contrast, after crushing, | lium and magnesium fluoride. Cooling 
tour maps to be produced. These maps | beryl ore is heated to 1,700° C and | the mixture produces a solid cake that 
are used to plan the mining and process- | quenched rapidly in water to form a | contains beryllium metal pebbles, mag- 
ing operations. frit. Heat treating the frit at 1,000° C, | nesium fluoride, and unreacted beryl- 

After the maps are prepared, the re- | crushing, and then leaching with a con- | lium fluoride. Crushing this mixture fol- 
mainder of the overburden is removed, | centrated sulfuric acid solution dis- | lowed by water leaching, yields beryllium 
and the ore is mined, typically with a | solves the contained beryllium, form- | metal and magnesium fluoride. After 
self-loading scraper. Because of the irreg- | ing a beryllium sulfate solution. separating the magnesium fluoride, 
ular ore-grade distribution in the ground, After separating the solids from both | which is recycled, the pebbles are vacuum 
the ore is mined from predetermined | beryllium sulfate solutions, the sulfate | melted to remove any slag trapped in 
areas and placed in a stockpile in layers | solutions are combined. Solvent extrac- | them and cast into ingots. 
to obtain a homogeneous blend. Drill- | tion is used to remove additional impu- Vacuum-cast ingots may be further 
ing, sampling, and assaying the stock- | rity elements that were extracted with | processed into a powder produced by 
piled ore generate a map that identifies | the beryllium. In solvent extraction, the | machining the ingot into chips. Grind- 
ore-grade distribution throughout the | beryllium sulfate solution contacts an | ing in a ball mill, impact grinding, or 
stockpile. Stockpiled ore is trucked to | organic solution, which does not mix | attrition grinding reduces the size of 
the mill, which is about 50 miles away, | with water. Beryllium is selectively dis- | the chips. Each of these methods pro- 

for further processing. solved in the organic solution, which is | duces a different particle size powder. 

Beryllium is commercially recovered | then mixed with an ammonium carbon- | Beryllium powder is formed into billets 
from two ores—bertrandite and beryl. | ate solution to form an ammonium | by vacuum hot-pressing, hot-isostatic 
Brush Wellman is the only company in | beryllium carbonate solution. pressing, or cold isostatic pressing, de- 
market economy countries with facili- In addition to beryllium, the solvent | pending on the end use of the material.* 
ties to extract the beryllium values from | extraction step dissolves iron, alumi- Because of the toxic nature of beryl- 
both ores. Because of the difference in | num, and fluoride. Hydrolysis with | lium dust and fines, the industry must 
beryllium content of bertrandite and | steam removes most of these impuri- | maintain careful control on the cleanli- 

beryl, the ores are treated separately | ties. Two additional hydrolysis steps to | ness of the workplace. Personal protec- 

until the beryllium is dissolved, then | remove the ammonia and carbon diox- | tion equipment for the workers, medi- 

the two solutions are combined. ide result in the formation of beryllium | cal monitoring programs, and source 
Bertrandite is crushed, screened, and | hydroxide, the intermediate product | collection of dust, fumes, and mists are 
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TABLE 9 | 

| | BERYLLIUM SUPPLY-DEMAND RELATIONSHIPS, 1979-89 

(Metric tons of beryllium content)’ __ 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION 

Mine production: 

United States Ww 270 266 197 242 219 209 237 220 212 184 

Rest of world 8112 103 119 121 119 141 ‘7 93897 P20 8119 
Total WwW 373 438 318 361 360 326 330 317 P3320 °303 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Domestic mines WwW 270 266 197 242 219 209 237 220 212 184 

Shipments of Government 
. stockpile excesses — — — — — — _ — _ — — 

Imports, metal 1 WwW 1 8 8 32 51 19 50 12 14 

Imports, beryl 38 62 78 96 80 48 60 54 83 35 24 

Industry stocks, Jan. 17 W WwW 49 81 185 255 205 18] 177 164 158 

Total U.S. supply Ww 367 394 382, 515 554. 525 491 530 423 "380 

Distribution of U.S. supply: —_ 

_ Industry stocks, Dec. 317 WwW 49 81 185 255 205 181 177 164 158 153 

Exports, metal and alloy 33 26 35 61 17 18 54 36 77 37 34 

Government accessions — — — — — 28 27 — —_ — 6 

Industrial demand 275 292 278 136 243 303 263 278 289 228 187 

U.S. DEMAND PATTERN 

Nuclear reactors 54 57 54 29 52 73 65 45 41 18 10 

Aerospace | 50 53 51 25 46 46 39 41 44 $1 44 

Electrical 103 109 101 49 87 105 91 108 109 66 36 

Electronic components 44 47 46 24 41 53 46 62 68 80 88 

Other 24 26 26 9 17 26 22 22 27 13 9 

Total U.S. demand 275 292 278: 136 243° 303 263 278 289 228 ~187 
*Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data. 

' Beryllium content of material classified as ores is considered to be 4%. 
2 Beryl ore. 

employed in all stages of beryllium | OTHER SOURCES OF INFORMATION | 
_ | processing to minimize harmful effects. 

Bureau of Mines Publications 

‘Federal Register. Environmental Protection Agency. Beryllium. Ch. in Mineral Commodity 

Mining Waste Exclusion. V. 54, No. 169, Sept. 1, 1989, Summaries, annual. 
pp. 36592-36642. Other Sources 

Regan, J. G. Brush Wellman to Restructure. Am. American Metal Market (daily paper). 
Met. Mark., v. 97, No. 251, Dec. 28, 1989, p. 5. Brush Wellman Inc., Annual Report. 

| ° Bureau of Mines. Nonferrous Metal Prices in the Metals Week. 

United States Through 1988. Spec. Publ., 1989, pp. . . . 
13-15. Roskill Information Services Ltd. 

“National Materials Advisory Board. Beryllium Beryllium 1989, 5th ed. 
Metal Supply Options. Natl. Acad. Sci., Washington, 

DC, NMAB-452, 1989, 124 pp. 
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By Stephen M. Jasinski : 

Stephen M. Jasinski is a physical scientist with the Branch of Nonferrous Metals. He has been the bismuth commodity 
specialist for 2 years. Domestic survey data were prepared by Tony E. Morris, Nonferrous Metals Data Section. International 
data were prepared by Harold Willis, International Data Section. | 

wing largely to reduced use | pounds and pigments continued as the LEGISLATION AND 
in alloys and steel, domestic | major chemical uses. Fusible alloys and 
consumption of bismuth de- | additives to aluminum, malleable iron, GOVERNMENT PROGRAMS 
clined. Bismuth was pro- | and steel were the major metal uses. : 

duced in the United States as a byprod- | U.S. dealer prices for bismuth fell dur- In April, a Department of Defense | 
uct of lead refining. One company | ing the year due to the increased avail- | study recommended reducing the goal 
accounted for all primary production. | ability resulting from record-high im- | for bismuth in the National Defense 
Pharmaceutical and industrial com- | ports and lower consumption. Stockpile from the current 997,903 kil- 

| ograms to 480,808 kilograms over an 

| 8-year period. If approved, disposal 
would begin at 57,924 kilograms annu- | 
ally in 1990 and 1991. The stockpile 

TABLE 1 | inventory on December 31, 1989, was 

| SALIENT BISMUTH STATISTICS | 944,087 kilograms. 
(Metric tons unless otherwise specified) | 

C&S}: DOQEMIESSTIC PRODUCTION 
| 1985 1986 1987 1988 1989 Te 

United States: . 

Consumption 1,199 1,324 «1,597 «1,531 ‘1,352 Procuction at the Ona OE ae 
Exports! 122 42 38 147 122 | porated relinery in Umana, » Ge- 
Imports for consumption 907 1,129 1,581 + 1,641 ~—*21,880 become aeer Mecoshy aa ae ne 
Price, average, domestic dealer, per pound $5.18 $3.25 $3.65 $5.78 $5.76 roprietary information Seve ral . ae 

Stocks, Dec. 31: Consumer 230 346 294 433 440 produced small quantities of secondary 

Worlds bismuth, primarily from fusible alloy 
Mine production (metal content)? "4,407 3,457 2,886 P2,767 © 2,762 scrap. . 

Refinery production 4,325 4,367 4,290 P 3,567 © 3,595 | 

“Estimated. Preliminary. Revised. | ) | a 

2 cles te nine en vs and waste and scrap CONSUMPTION AND USES 

The use of bismuth in metallurgical 
| additives fell due to reduced production 

TABLE 2 of free-machining steel. Chemical us- 

BISMUTH METAL CONSUMED IN THE UNITED STATES, BY USE age rose and accounted for almost one- 
half of total domestic consumption for 

(Metric tons) the first time since 1986. Major chem- 
ical uses included compounds for treat- 

Use 1985 1986 1987 1988 1989 | ing digestive tract ailments, pearlescent 

Chemicals! 601 663 748 679 659 pigments for cosmetics and plastics, 
Fusible alloys 277. 290 334 332 272 | and varistors and ceramic capacitors. 

Metallurgical additives 303 350 494 493 396 

Other alloys 10 13 11 12 no) OT —a—nwn 

Other? 9 8 10 15 14 | PRICES 

Total? 1,199 1,324 1,597 1,531 1,352 

_ Includes industrial and laboratory chemicals, cosmetics, and pharmaceuticals. . The ran ge of dealer pri ce qu otations 
Includes experimental. 

: 
3 Data may not add to totals shown because of independent rounding. for bismuth, as reported in Metals Week, 
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FIGURE 1 | decreased gradually throughout the year 

BISMUTH METAL CONSUMED IN THE UNITED STATES IN 1989 _| from a high of $6.75 to $6.85 per pound 
| in January to $4.40 to $4.50 per pound in 

| December. The decline in price was 
a | ae mainly attributed to excessive world 

stock levels. 

Metallurgical 29% << EES 

| - additives Gg Fusible alloys 208 | | | | 

a | a -  |ltoanocn rRAnE.. 
A Re FOREIGN TRADE 

| “SEES ee, U.S. imports for consumption of bis- 
| | | es | ae muth metal reached a record level, up 

| | | 15% from 1988. Belgium was the larg- 
| Chemicals 1/ 49% | est source of refined bismuth. 

. ; ia chartmageuttonts, and laboratory chemicals, cosmetics, . Effective January 1, 1990, the im- 

| nica 7 : port duty for bismuth articles, includ-— 
| | a ing waste and scrap (Harmonized code 

| | 8106.00.0000), was free for most fa- 

| vored nations (MFN) and 7.5% ad 
| | valorem for non-MFN. 

| - _ TABLE 3 

U.S. EXPORTS OF BISMUTH, BISMUTH ALLOYS, AND $$$ 
WASTE AND SCRAP, BY COUNTRY 7 oo WORLD REVIEW | 

1988 1989 
| ——_————?~—rsrr oT Bismuth was recovered mainly as a 

Country . 
(clowrans) (thousands) (dloman) (thovsands) byproduct of processing lead and cop- 

Agentina SOC SOSC~<‘aRSSC SC<“<i~—SS «Ss UE OFS and only in Bolivia was it 
aun mined as the principal product. World 

Belgium 741 10 8,382 $14 "er . -_ . 
So | mine and refinery production remained 
Canada 23,205 401 15,554 263 nearly the same as 1988. Mexico led in 
Chile —_ — 34 2 both mine and refinery production for 

France | 381 5 787 20 the third consecutive year. 
Germany, Federal Republic of 20,191 27 17,914 26 . 

Greece | 136 | 3 — — | 

Hong Kong — _— 18,696 10 TABLE 4 

India — — 300 2 

Israel | 136 2 1,964 16 1988 1989 
Jamaica | 113 2 — — Production 524 502 

Japan 26,291 175 18,755 50 Imports 325 408 
Korea, Republic of 2,086 49 50 6 Exports 69 16 

Mexico 399 5 121 4 Consumption! 511 464 

Netherlands 162 2 — — Producer stocks, 

New Zealand TT 34 > _ _ Dec. 31 78 120 
Panama (ttt~—‘“—:C:ststs~—~S 702 4 _ _ 1 Reported shipments from smelters. Does not include imports. 

Saudi Arabia tt tt—~S 233 3 _ _ Source: MITI (Trade data), Bismuth Institute. 

Singapore 470 8 220 ll 

Sri Lanka — — 100 4 

Sweden ©. _ _ 55 14 The United States and Japan were 
Switzerland 133 2 46 , the largest consumers of bismuth and 

Taiwan 1,080 0 1,455 49 were also the only countries for which 

United Kingdom —SO=CS 69.813 462 37.278 55 published data on end uses were avail- 

oo , able. The demand for bismuth has been 
Venezuela TA 4 | growing rapidly in Japan since 1987, 
_Totalt Ci GBA NS 122,171 540 mainly for varistors and ceramic capac- 

1 Data may not add to totals shown because of independent rounding. itors, although reported consumption 

Source: Bureau of the Census. dropped slightly in 1989. 
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| 

TABLE 5 TABLE 6 ! 

JAPAN—CONSUMPTION BY USE U.S. IMPORTS FOR CONSUMPTION OF METALLIC BISMUTH, | 

(Metric tons) BY COUNTRY | 

a 
| 

Uses CO~™~OCSBSS~*~S~S«w'SBG 1988 1989 | 

Catalysts Ss 8 Country Quantity Value Quantity Value | 

Ferrites? SOS 265 >A? = | (kilograms) (thousands) . (kilograms) (thousands) | 

Fusible alloys 72 35 ——— ee! 9.78! 5 ; . se | 

| Metallurgical , 
additives 95 g. | Canada 82,057 889 23,120 333 

Pharmaceuticals .~—«-25 9) | China 204,310 2,315 35,082 500 

Othr 49 75 | Germany, Federal Republic of 278 MW 62,717 897 

“Toalsti(‘i‘C;CO~;CSSWLWdC*:” 464. | Hong Kong 22,801 280 700 10 

1 Reported shipments from smelters. Does not include imports. Italy 5,083 56 ~~ ~ | 

2 Includes varistors and capacitors. Japan 13,163 96 1,068 543 ! 

Source: Bismuth Institute. Korea, Republic of | 38,861 417 12,000 161 

. | a Mexico 448,540 5,048 390,815 4,028 — 

__—— | Netherlands | | 20,090 240 6,161 Ws 

CURRENT RESEARCH Peru 188,942 2,096 271,444 2,379 

| Switzerland 17,997 167 — _—_ | 

An organic bismuth compound was | United Kingdom 259,147 __—-2,958 209,538 2,481 

developed that makes plastics detect- | _ Total’ 1,641,426 18,354 1,880,321 21,586 
able to X-rays. The compound, triphen- 1 Data may not add to totals shown because of independent rounding. | 

| ylbismuth, is heat-stable, moisture- | Source: Bureau of the Census. | 

resistant, and flame-retardant. Plastic | 

explosives and weapons containing the | | | | | , 

additive would be detectable in airport | 7 | 

security systems. | | | _ | : 

The Bismuth Institute Information | —————__— | TABLE? | | 

Center (47, rue de Ligne, B. 1000— 1 Advanced Materials & Processes. Textiles, Plastics | | | 

Brussels, Belgium) collects detailed in- | Gain Unusual Properties, v. 135, No. 6, June 1989, p. 12. WORLD ANNUAL BISMUTH | 

formation on the uses of bismuth. It PRODUCTION CAPACITY, ) 

publishes a bulletin several times a year | OTHER SOURCES OF INFORMATION DECEMBER 31, 1989 

with articles on current research and — (Metric tons) 

lists new patents issued in the world | Bureau of Mines Publications. 
involving bismuth. Bismuth. Reported quarterly in Mineral | ——————————______________ 

: Industry Surveys. __ Country Mine _Refinery 
Bismuth. Ch. in Mineral Commodity Australia 1,800 — 

OUTLOOK Summaries, annual. Belgium — 1,100 

i Bolivia 700 300 

Canada 700 300 

. World reserves and production ca- China° 1,000 1,000 | 

pacity are sufficient to meet foreseeable Germany, Federal 

demand for bismuth into the next cen- Republic of° — 400 

tury. Domestic consumption is ex- Italy _ 100 . 

pected to grow slowly in the next de- Japan —“‘iéCSC‘#*0 1,200 | | 

cade. Bismuth has the advantage of Korea, Republic of 250 50 | 

being nontoxic. It is expected to remain Mexico. -_1, 100 1,000 

important in pharmaceutical applica- Pen SCO 300 | 

tions and as a substitute for lead in So  ___—_ — 

free-machining steel and pigments. Romania® «1 100 
United Kingdom 400 
United States 700 300 
U.S.S.R.° 100 100 

Yugoslavia ° _ 150 150 

World total 8,200 7,700 
© Estimated. | 
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TABLE 8 | 
BISMUTH: WORLD MINE AND REFINERY PRODUCTION, BY COUNTRY! , 

(Metric tons) 

Country? Mine output, metal content | Refined metal 
| 1985 1986 1987 1988P 1989° 1985 1986 1987 1988P 1989° 

Australia ° 3 1,400 1,000. 350 400 400 — — — — — 
Belgium‘ — — — — — 610 1,000 865 795 750 
Bolivia 159 43 1 13 20 _ — — — — 
Canada‘ 201 153 165 181 164 “180 212 218 225 272 
China* 260 260 260 275 275 260 260 — 260 275 275 
France | 70 95 ©90 *90 90 — _ — — — 
Germany, Federal Republic of | — — — — — ©400  ©400 ©400 — — 
Italy —_—_ = — — — 54 66 44 32 45 
Japan? ©195 £190 ©165 © 160 150 642 640 546 524 500 
Korea, Republic of > ©135 *136 ©145 ©140 140 135 136 145 *140 140 

| Mexico* “970 “790 © 1,065 * 1,005 1,050 925 749 1,012 958 1,000 
Mozambique 1 (°) — — — — _— — — — 
Peru | 785 605 412 © 330 300 738 569 387 *310 290 
Romania‘ 80 80 75 65. 60 80 80 75 65 60 
U.S.S.R.° 83 84 85 85 85 83 84 85 85 85 
United Kingdom‘ — — — — — 150 150 180 135 150 
United States WwW Ww WwW Ww WwW WwW WwW WwW Ww WwW 
Yugoslavia “68 ©21 ©73 23 728 68 21 73 23 728 

Total 4,407 3,457 (2,886 2,767 2,762 «4,325 4,367 «4,290 3,567 «3,595 
“Estimated. ° Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from “Total.” 
1 Table includes data available through Mar. 30, 1990. Bismuth is produced primarily as a byproduct of other metals, mostly lead, and only in Bolivia is it mined for itself. , 
2 In addition to countries listed, Brazil, Bulgaria, the German Democratic Republic, Greece, and Namibia are believed to have mined and/or refined bismuth, but available information is inadequate for 
formulation of reliable estimates of output levels. 
31t is believed that bismuth-rich residues were stockpiled at the mine site during the period 1983-85 and released into the world market in subsequent years. 
‘Figures listed under mine output are reported in Canadian sources as production of refined metal and bullion plus recoverable bismuth content of exported concentrate. 
3 Mine output figures have been estimated based on reported metal output figures. 
Less than 1/2 unit. , 
7 Reported figure. . . 
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| By Phyllis A. Lyday 

Mrs. Lyday has covered boron for 11 years. Domestic survey data were prepared by Pamela Shorter, mineral data assistant, 
Industrial Mineral Data Section. International data prepared by G. Jacarepaqua, international data assistant, Geographic 
Data Section. | 

.5. production and sales of | of Laredo, TX. The proposed legisla- The House Mining and Natural Re- 
boron minerals and chemi- | tion would permanently reduce the | source Subcommittee, on June 23, 

| cals decreased during the | duty to 7.2% and temporarily suspend | 1987, held an oversight hearing on how 
year. Domestically, glass fi- | the duty entirely on opal borosilicate | well the Mining Law of 1872 serves the 

ber insulation was the largest use for | glassware imported in sets. Opal boro- | Nation and the mining industry. So- 
borates, followed by sales to distribu- | silicate glassware is sold exclusively | dium borate minerals, which are ex- 

| tors, textile-grade glass fibers, and | door-to-door to low- to moderate- | cluded from the Law, are included un- 
borosilicate glasses. income consumers. At yearend, no ac- | der the Mineral Leasing Act of 1920, as 

California was the only domestic | tion had been taken on the proposal.’ | amended and supplemented. 
source of boron minerals. The United . 
States continued to provide essentially 
all of its own supply while maintaining TABLE 1 

a strong position as a source of sodium | SAT JENT STATISTICS OF BORON MINERALS AND COMPOUNDS 
borate products and boric acid ex- | | 
ported to foreign markets. (Thousand metric tons and thousand dollars). 

Supplementary U.S. imports of Turk- | . 
ish calcium borate and calcium-sodium 1985 1986 1987 1988 1989 | 
borate ores, borax, and boric acid, pri- | United States. TTL 
marily for various glass uses, continued. ~ Sold or used by producers: | 

Quantity: 

TS Gross weight! 1,151 1,135 1,256 1,149 1,114 

D OMESTIC DATA Boron oxide (B,O,) content 577 571 625 578 562 

COVERAGE Value $404,775 $426,086 $475,092 $429,667 $429,806 

_Exportss 
Domestic data for boron are devel- Boric acid:* 

oped by the Bureau of Mines from two _ Quantity 44 38 61 56 42 
separate, voluntary surveys of U.S. op- Value $21,598 $23,562 $34,180 $35,301 $32,613 

erations. Of the three operations to Sodium borates: 
which a production survey request was Quantity? 565 566 552 546 646 
sent, all responded, representing 100% | Vame®~—~—~S*S*S*«*S*S*S*S*«SS ‘SOD «$161,000 $243,600 $240,800 $361,000 
of the total boron sold or used shown “Importsforconsumption:* = =====~2~C*=“‘S™S*™*””S””””OUU 
in tables 1 and 7. A Bureau canvass of —Boreacd: OCS 

oric acid: 
the three U.S. producers also collected | —@ ——_ 

. . Quantity 5 5 2 3 3 
data on domestic consumption of bo- | — 2 _,___S 
ron minerals and compounds shown in Value 85 AAT $3,824 $2,900 $2,020 $2,197 
tables 2 and 3. ___Colemanite: 

Quantity 30 15 7 17 15 

Value $24,620 $8,770 $2,763 $7,790 $4,202 

LEGISLATION AND Ulexite: 

GOVERNMENT PROGRAMS | Quantity, 8K 
Ts Value $11,120 $17,766 $20,597 $7,480 $1,552 

Consumption: Boron oxide 
The House of Representatives intro- (B,O,) content 327 307 335 356 315 

duced legislation to provide a separate | World: Production 2,505 2,510 P 2,699 ©2,761 ©1,114 
tariff classification and a temporary | ‘gsimaed. Primary. ‘Revised. = 
duty suspension on opal borosilicate : Minerals and compounds sold or used by producers, including both actual mine production and marketable products. 

glassware imported from Mexico and | ;yrisieontatar and avd ova ie 
distributed nationwide by Crisa Corp. | ‘Boron oxide (B,0;) content. In addition, borax imports from Turkey were 4,356 tons in 1987, 8,165 tons in 1988, and 7,257 tons in 1989. 
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ISSUES used in the co-generation operations. | ing a vinyl ester ccmpound won an 
a CCCCSC#dS:W he: 386-mmnille pipeline is proposed from | award in 1989 for the most innovative 

the Arizona-California border to Kern | use of plastics. The award was given to 
Boron mining in the southwest desert | County.’ Chrysler Motors Corp. by the Society 

areas could be adversely affected by the Corona Corp. purchased the remain- | of Plastics Engineers.” 

recent declaration of the Fish and | ing 20% interest held by Mountain The construction of the first glass- 

Wildlife Service granting “emergency | States Mineral Enterprise Inc. in the | fiber, wide-band digital cable was 
| endangered status” for’ the Mojave | Fort Cady colemanite property in Cal- | across the Atlantic Ocean. The ocean 

desert tortoise.7 So ifornia and renamed the project the | cable can transmit more than 30,000 

Fort Cady Minerals Corp. This gave | telephone calls an.: -ommunication serv- 

aC} COrona 100% control of the project. | ices at the same time. The cable 
PRODUCTION Corona was in the process of negotiat- | stretches from Tuckerton, NJ, on the 
TH W!_—_—_—_—_—_—1_—_————— | ing with a number of commercial | East Coast of the United States, some 

| , | : banks for $85 million of production | 6,000 kilometers across the Atlantic to 
The majority of the boron produc- | financing. The design production of | Denmark, France, and Widemouth, 

tion continued to be from Kern County, | 81,000 tons of boric acid per year was | England. — Se : 
CA, and the rest was from San Bernar- | planned. The metric system is the offi- Consumption of borates in borosili- 
dino County. | oo cial system of measurement of most | cate glasses remained the third major 

American Borate Co., a wholly | countries. The Bureau of Mines, in an | end use,‘and demand decreased. Boron 
owned subsidiary of Owens-Corning | effort to provide statistical data on | added to glass reduced the viscosity of 
Fiberglas Corp., continued sales of ul- | bromine in: units most consistent with | the melt and assisted with fiber forma- 
exite from storage at Dunn, CA. international usage, will henceforth re- | tion during processing.and allowed for 

Kerr-McGee Chemical Corp. oper- | port data in kilograms (kg) and metric | thermal expansion. : 
ated the Trona and Westend plants at | tons (mt) unless otherwise noted. An | - After almost 16 years of research and 
Searles. Lake, in San Bernardino | engineering contract was awarded to | design and 5 years of construction, the 

County, to produce refined sodium. bo- | Kilborn International Ltd. Canada. | U.S. Department of Energy was close 
rate compounds and boric acid from | Plant construction was expected to be | to finishing the Nation’s largest and | 

the mineral-rich lake brines. At the | completed in 1992. Reserves were esti- | most technically complex nuclear-waste | 
Trona plant, a differential evaporative | mated at 147 million tons of ore grad- | processing plant. The $930 million De- 
process produced borax with potash as | ing 6.4% boron oxide. | fense Waste Processing Facility at the 

a byproduct. Boric acid was produced a Savannah River Plant in Aiken, SC, 
by solvent extraction. The Westend | —s———CiCi‘—;‘C~CSCSSSSCCCCS#'!«éilll: Convert high-level nuclear waste 
plant continued production of sodium | CONSUMPTION AND USES from weapons production into solid 

borates by a carbonation process. | ——————————————————————— || forms from a glass process. used in 
Brines used in the process were pumped - France since 1978. The facility planned 

to the Argus plant to produce sodium U.S. consumption of borates de- | to immobilize 34 million gallons of 

sulfate. creased. Glass fiber insulation and | highly radioactive liquid, sludge, and 
United States Borax & Chemical | glass fiber primarily used as reinforce- | salt that have been accumulating in 

Corp., a part of RTZ Borax Ltd. of the | ment for plastics continued to be the | carbon steel storage tanks since 1954. 

RTZ Corp. PLC of London, United | largest consuming industries. An in situ salt treatment involves add- 
Kingdom, continued to be the primary The use of borates in glass fiber | ing a boron compound to salt tanks to 
world supplier of sodium borates. U.S. | thermal insulation, primarily used in | separate radioactive cesium. The waste 

Borax mined and processed crude and | new construction, was the largest area | cesium in a molten glass mixture is 
refined sodium borates, their anhy- | of demand for borates, but decreased | poured into a stainless steel canister 2 

drous derivatives, and anhydrous boric | over that reported in 1988. Cellulosic | feet in diameter and 10 feet high.’ The 
acid at Boron, in Kern County, CA. insulation, the seventh largest area of | canisters will be stored in a waste- 

A second plant at Boron used a | demand, increased. storage building. Because of delays in 
proprietary process to produce tech- During 1989, PPG Industries Inc. sold | the Nevada repository, a second storage 
nical-grade boric acid from U.S. Bo- | its 50% interest in Fiberglas Canada for | building will be built at the Savannah 

rax’s extensive kernite ore reserves. The | $200 million to its partner Owens- | River site. 
boric acid was produced to compete | Corning Fiberglas. Fiberglas Canada Boron compounds in cleaning and 

with imported colemanite used in glass | produced fiberglass mainly for insula- | bleaching were the fourth major end 

manufacture. The majority of material | tion, but PPG’s interest in the material | use. Oxygen systems may replace chlo- 
was shipped to U.S. Borax’s storage, | was for use in plastic reinforcements and | rine systems. In the oxygen system, 

Wilmington, CA. Products made at | circuit boards. Fiberglas Canada had six | activators produce acids in the wash 

Wilmington included ammonium bo- | plants near the Canadian border.* water. These acids can react with so- 

rates, potassium borates, sodium me- The second major market for borates, | dium perborate to generate a bleach. 

taborates, and zinc borate. manufacturing high-tensile-strength glass | Lever Bros. (USA) and Kao Corp. 
During 1989, U.S. Borax signed a | fiber materials for use in a range of | (Japan) are working with perborate ac- 

15-year contract with Mojave Pipeline | products, showed a decrease in demand. | tivators that also generate softeners. 

Company for 100% of the natural gas A fiberglass reinforced wheel utiliz- | Proctor & Gamble’s Tide With Bleach 
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is the only major commercial U.S. deter- | Specialty Materials, which has been sup- TABLE 3 
gent to use a boron activator system and | plying boron material for use on military U.S. CONSUMPTION 
is the first multifunctional detergent on | aircraft, for 20 years. Annual sales are - OF ORTHOBORIC ACID, 
the U.S. market. About 60 million | reported at about $20 million worth -of BY END USE 
pounds of perborates are consumed in | boron a year. The technique, originally | 
detergent applications as compared with | developed for use on military aircraft, is (Metric tons of boron oxide content) ' 
about 90 to 100 million pounds 20 years | being considered for repair of civil appli- | 
ago. Europe consumed about 1 billion | cations. Boron-epoxy patches are about | End use | 1988 1989 

pounds annually because of the higher | five times stronger and six times stiffer | Agriculture | 209 231 
temperature used in wash water.” _ | than aluminum alloys. The patches can | Borosilicate glasses | 5,019 4,862 

- Boron compounds continued to find | be applied in thinner layers to achieve the | Enamels, frits, glazes «1,519 «1,383 
application in the manufacture of bio- | same amount of reinforcement, which IS | Fireretardants: OS™ | 
logical growth control chemicals for important on aerodynamic surfaces. ~ Cellulosic insulation —«+'1,769—«*1,,683 
use in water treatment, algicide, fertil- Union Carbide Corp., Advanced Ce- oy. nye 509 
izers, herbicides, and insecticides. Bo- | ramics Division, Cleveland, OH, of- ier 
ron can be applied as a spray, and | fered a titanium diboride powder for | Msulation-srade glass fibers = 702 1,081 
incorporated in herbicides, fertilizers, | use in ceramic armor, cutting tools, | Metalluey 3806 2:78 
and irrigation water. bearings or bearing liners, and cruci- | Miscellaneous uses — 8,596 9,779 

Boron compounds were also used in | bles. The new compound can be sin- | Nuclear applications 510 494 
metallurgical processes as_ fluxes, | tered to more than 97.5% of theoretical | Soaps and detergents 183 57 

shielding slag in the nonferrous metal- | density without pressure. '? Sold to distributors, 
lurgical industry, and components in Modern manufacturing techniques | end use unknown 27,271 23,379 
electroplating baths. Small amounts of | and higher volume production have | Textile-grade glass fibers 23,082 22,493 

boron and ferroboron were constitu- | lowered the cost of boron nitride. Hex- Total 69,867 66,229 
ents of certain nonferrous alloys and | agonal boron nitride is synthesized into | ‘nctuaes imports. 
specialty steels, respectively. Steel con- | low purity powder. Further processing 
taining less than 4.75% boron can be | via chemical or thermal techniques 
forged, and steels with up to 6% boron | yields larger crystals of higher purity PRICES | 
can be cast. An addition of boron to | and greater stability. Hexagonal boron | ———"_ "SSCS 
low-carbon steels reduces the amount | nitride powder is a raw material for | 
of nickel, chromium, or molybdenum | producing cubic boron nitride. The Prices for domestic borax compounds 
required. Boron-containing steels do | powder is heated under pressure in the | and colemanite increased significantly. 
not require some of the heat-treating | presence of a solvent and catalyst.!* Industrial Minerals Magazine (London) 
steps required in other alloys, which ~ | reported Turkish colemanite c.1.f. to Eu- 
results in significant energy savings. rope was $290 to $325 per ton. Prices 
Boron can also be diffused into the obtained often vary widely according to 
surface of metal (boronizing) to make a : TABLE 2 type, source, quality, quantity pur- 
corrosion-and abrasion-resistant metal. | U.S. CONSUMPTION OF BORON | chased, and application. Hence, the quo- 

Boron is used in neodymium-iron | MINERALS AND COMPOUNDS, | tations can only serve as a guide to prices 
magnets to give a one-directional crys- BY END USE by producers and dealers. Boron com- 
tal structure that provides the magnet . pounds and ore were also sold under 
with one-directional strength. There are (Metric tons of boron oxide content) contracts negotiated between buyer and 
two basic methods for manufacturing | __-——ssssSCsCSCSCSCSCSSSS___J celle. Price quotations doo not necessarily 
NdFeB magnetic material: sintering End use 1988 1989 | represent prices at which transactions 
and melt spinning.!° Agriculture 14,362 14,583 | actually occurred, nor do they represent 

Allied Signal Inc. began production | Borosilicate glasses 34,136 30,600 | bid and asked prices. They were quoted 
of a rapid-solidification amorphous | Enamels, frits, glazes 9,923 8,149 | here only to serve as a guide to yearend 
metal ribbon, Metglas. The ribbon was | Fire retardants: price levels. 
produced at a site in Conway, SC, with | ~Ganplosic insulation 11,167 11,920 |. Prices for European borates pub- 
capacity of 60,000 tons per year. Trans- Othr 6Al 509 lished by Metal Bulletin 1989 per ton 
formers made from Metglas, a boron, Glassfiber imsulaon «(103.355 91.736 | Were_as follows: Anhydrous borax 
iron, rare-earth material, offer utilities | ~28S“eF mswaton _ ° , $1,000 to $1,204; decahydrate borax, 
energy savings of up to 70%."! Metallurgy 5S 3,040 | $550 to $762; pentahydrate borax, $510 

Experiments by the Australian De- | Miscellaneous uses 28,824 14,729 | tg $846: and boric acid $846 to $1,354. 
fenses Science and Technology Organiza- | Nuclear applications 679 611 
tion’s Aeronautical Research Laborato- | Soaps and detergents 26,446 25,145 pO 
ries in Melbourne, Australia, have used | Sold to distributors, FOREIGN TRADE 

boron fibers surrounded by an epoxy | _¢mduseunknown (75,352. 73,460. |] —-—€£§$IWWHW_W 
matrix to repair metal structures since | Textile-grade glass fibers 45,420 40,499 

about 1975. The material supplier is Tex- Total 355,480 314,981 The majority of material from the 
tron Specialty Materials, formerly Avco | | Includes imports of borax, boric acid, colemanite, and ulexite. | U.S. Borax facility in Boron, CA, was 
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| | TABLE 4 - planned by yearend 1990. The ore is | 

YEAREND 1989 PRICE FOR BORON MINERALS AND COMPOUNDS | ©Olemanite from a mine in Salta 
| PER METRIC TON? Province. | 

$$. $$ | Bolivia fp 

Product a Dec. 31. 1989 Lithium Corp. of America (Lithco) 
| (rounded dollars) | Signed a preliminary agreement with 

| Borax, technical, anhydrous, 99%, bulk, carload, works 719 the Ministr y of Mines to explore and 

Borax, technical, anhydrous, 99%, bags, carload, works” 761- 769 p roduce . lithium and other elements 

Borax, technical, granular, decahydrate, 99.5%, bags, carload, works 285- 418 from brines in the Salar de Uyuni. 

Borax, technical, granular, decahydrate, 99.5%, bulk, carload, works” 236 Under the same contract, Lithco was 
tS | authorized to mine ulexite found within 
Borax, technical, granular, pentahydrate, 99.5%, bags, carload, works 322 the salt crust and clay sediments bor- 

Borax, technical, granular, pentahydrate, 99.5%, bulk, carload, works” 272 dering the river Rio Grande of Lipez.!° 

Boric acid, technical, granular, 99.9%, bags, carload, works? 775- 784 - 

_ | Boric acid, technical, granular, 99.9%, bulk, carload, works? 725- 726 Chile 

| Boric acid, U.S. Borax & Chemical Corp., high-purity anhydrous, 99% Jacobs Engineering Group Inc., CA, 

_ | _B,O;, 100-pound bags, carlots| CCC‘ AT S| as: awarded the feasibility study on the 
Colemanite, Turkish, 40%-42% B,O,, ground to a minus 70-mesh, development of 30,000 tons per year of 

_f.o.b. railcars, Kings Creek, SC* 485 boric acid at the Salar de Atacama. The 
‘US. fob. plant or port prices per metric ton of product. Other conditions of final preparation, transportation, quantities, and contract award was made by Sociedad 

tChuanical Marksting Reporter ¥. 296,.No 26, Dee. 25, 1999, 1.2624 Minera Salar de Atacama Ltda. (Minsal), 
3 American Borates Co. | a consortium of AMAX Exploration 

| | | | Inc. (63.75%), Corfo (25%), and Molib- | — 
denos y Metales (Molymet, 11.23%). 

Commercial production from the 
shipped to storage, loading, and ship- | Any restrictions to capacity utilization | $300 million project was scheduled for 
ping facilities at Wilmington, CA. A | related to legal, political, or environ- | mid-1992. The Salar de Atacama is one 
large part of the output was exported to | mental restraints have been footnoted. | of about 74 arid salt basins in the 
‘Western Europe from Wilmington to Mine capacity for boron was based | Chile-Bolivia-Argentina border region. 
Botlek, Netherlands. on rated capacity as reported by the | The salt nucleus covers more than 1400 

| Exports to the United States from Tur- | company, by another Government | square kilometers of which the top 40 
key for 1988, as reported by the Istanbul | agency, or another published source. | meters is porous and filled with concen- 
Minerals Exporter’s Union, of boron | Capacity outside of the United States | trated brine. 

| material or minerals and value were as | was limited by the availability of load- At capacity, the project will also 
follows: Colemanite 97,000 tons, $19 | ing and transportation equipment and | produce 500 tons per year of potassium 
million; ulexite 11,000 tons, $15 million; | market demand, rather than limitations | chloride, 230 tons of potassium sulfate, 
boric acid 24 tons, $3,000; and refined | of ore grade. and up to 14 tons of lithium salts. The 
borax 12,000 tons, $3 million.!° availability of more than 1 million 

Argentina tons per year of sulfuric acid from the 
Borax production exceeded 200,000 | Chiquicamat copper smelter will en- 

WORLD REVIEW tons during 1988. Production at Boro- hance the economic viability of the 

| oquimica S.A.M I.C.A F,, a subsidiary | project. 
. of RTZ Corp., at a tincal deposit at Minsal products would be _ trans- 

Capacity Tincalayu, north-central Salar del | ported from the plant by rail to a ship 
The data in table 7 are rated capacity | Hombre Muerto in Salta Province, was | bulk-loading dock at Jejillones. Con- 

for mines and refineries as of Decem- | 30,000 tons of boron oxide equiv- | tainers of boron and lithium could be 
ber 31, 1989. Rated capacity was de- | alent.!© Industrial Quimicas Baradero | shipped from Antofagasta. 
fined as the maximum quantity of | S.A. also had significant production. AMAX was developing a financial 
product that can be produced in a | Installed processing capacity of 37,700 | package and negotiating the use of 
period of time on a normally sustain- | tons was at plants in Campo Quijano | debt-equity exchanges with the Govern- 
able long-term operating rate, based on | and Tincalayu, in the Province of | ment before deciding to proceed with 

the physical equipment of the plant, | Salta. Exports reached 26,500 tons in | the project.7° 
and given acceptable routine operating | 1988.'’ Reserves are adequate for 30 years of 
procedures involving labor, energy, ma- Boro Sur S.A. operated a boric acid | production. The reserves contain about 
terials, and maintenance. Capacity in- | plant in Buenos Aires Province approx- | 47 million tons of potassium chloride 
cludes both operating plants and plants | imately 25 kilometers from Buenos | equivalent, 117 million tons of lithium, 
temporarily closed that in the judgment | Aires. Production was reported as 120 | and 4 million tons of boric acid equiv- 
of the author can be brought into pro- | tons monthly with a planned increase | alent. Brine products can be separated 
duction within a short period of time | to 160 tons in the first quarter of 1990. | and recovered without further process- 
with minimum capital expenditure. | Production of 300 tons per month was | ing. Two sets of evaporation pans will 
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TABLE 5 7 | | 

U.S. EXPORTS OF BORIC ACID AND REFINED SODIUM BORATE COMPOUNDS, BY COUNTRY 

: 1988 1989 

| Boric acid! Sodium Boric acid! Sodium 

| Country yaaa how borates? Nmettie. (how borates? 
| tons) sands) (metric tons) tons) | sands) (metric tons) 

Australia 1,572 $899 7,250 1,338 $982 8,271 

Bangladish — — 110 — — 168 

Belgium-Luxembourg 1,412 481 975 — — 1,290 

Brazil 88 63 1,503 141 133 2,831 

Canada 5,840 2,952 349,059 4,822 2,927 | 50,966 

Chile — — 5 1 2 1,310 

| China 196 112 4,160 — — 8 

| Colombia 130 92 1,708 237 132 1,241 , 

Costa Rica 7 5 4 1,373 17 15 90 | 

Dominican Republic | — — 87 128 20 37 

Ecuador | —_ — 748 — — 847 

Egypt — — | — — — 1,380 

El Salvador — — 24 — — 5 

France | | — — 77 — — 222 
Germany, Federal Republic of 1,293 798 248 313 138 12 

Guatemala | : — — 31 28 17 39 

Haiti | _ — 544 20 2 130 

Honduras oo — 38 Cs — , — 82 

Hong Kong | 2,154 1,226 7,937 270 199 3,536 
India — — | 3,351 260 10 6,593 
Indonesia : 286 182 7,231 -380 279 5,681 

Israel 53 36 . 227 87 65 168 

Jamaica 15 6 — 3 6 5 

Japan 25,940 16,328 57,676 20,270 15,512 46,593 

Korea, Republic of 2,507 1,358 22,244 1,863 1,563 15,651 

Malaysia 133 78 3,978 56 48 5,645 

Mexico 3,157 1,729 328,840 2,662 1,824 23,187 

Netherlands 3,850 4,011 300,920 3,647 4,620 404,474 

New Zealand 1,126 676 2,325 1,363 857 2,817 

Pakistan — — 953 — ee 152 
Panama 10 4 43 24 14 28 

Papua New Guinea 96 57 160 32 24 32 

Peru 22 15 127 57 22 92 

| Philippines 113 69 2,205 135 108 1,933 

Romania 280 176 — — — — 

Saudi Arabia 28 19 830 42 30 389 

Singapore 413 249 4,090 __—. 62 40 1,507 

South Africa, Republic of 105 75 1,577 65 58 1,751 

Spain ~ — 12,249 — — 35,642 

Sri Lanka — — — 9 7 16 

Taiwan 3,361 2,093 16,900 3,082 2,332 17,561 

Thailand 410 291 2,012 400 329 2,267 

United Kingdom 64 73 238 27 48 181 

Venezuela 1,728 1,130 1,600 336 241 704 

Other 27 19 303 10 8 63 

Total 56,412 35,301 545,956 41,953 32,613 645,597 
Bureau of the Census. __ 
*The Journal of Commerce Port Import/Export Reporting Service. 

3US. exporters of sodium borates. 
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| TABLE 6 | expanding industrial base, a growing 

U.S. IMPORTS FOR CONSUMPTION OF BORIC ACID, BY COUNTRY | 2¢¢d for export earnings, facilities for 
rail and water transport, and abundant 

| 1988 : F989 low-cost labor. 

Country Quantity Value' = Quantity Value’ | Netherlands 

= Te re) eee ee fo Botlek can receive 10 40,000-ton 
a | | | shipments per year from the United 
Chile 707 300 1,084 492 States. Bulk carriers unload over a 5- 

j France _ —- 7 11 day period at the rate of 8,000 tons per 
Germany, Federal Republic of 21 53 19 37 day. European consumption of borates 

Italy | 1,923 1,580 1,627 | 1,471 is about 350,000 tons per year. At 
Japan — — 35 82 Botlek, bulk products from U.S. Borax 

Netherlands | — — 65 42 that are not required in bulk are packed 
Taiwan _ _ 1 1 into 50-kilogram bags or 1-ton “super- 
United Kingdom SCS 16 7 53 —-56~—«|: bags.” Specialty products from Wilm- 
“Toals=SS”t*=<“t=Cs‘s*sSs:::::”””:~CS~SSINGS:*é“‘“C‘«é~«‘iUO!~*~«C«OB!!~!~!~*~««S7 ~~(| *AMgton are usually repackaged into 25- 
TOS Can end eA | OF 50-kilogram paper, bags which are 

Source: Bureau of the Census. then stretch-wrapped. , 

| Peru | 

receive high potassium and high sulfate | revealed 34.5 million tons of ulexite ore Production of ulexite used to pro- 
brine, respectively. Sequential precipi- | bearing more than 4.5% boron. Brines | duce boric acid was estimated at 2,000 
tation will produce sodium chloride, | containing lithium and potassium were | tons of boron oxide equivalent.” 
mixed sodium, potassium chlorides, | also part of the deposit. 
lithium, and sulfates in a variety of Minero del Boro had produced ulex- | Turkey | 
compounds. Boron will remain in solu- | ite concentrates and boric acid since Turkey’s boron operations are under 
tion until extraction before discharge | 1984. Deposits mined were Salar de | the control of the Government corpo- 
back into the salt basin.”! - Pintados, the Salar de Cariquima, and | ration, Etibank, that mines boron from 

Chile’s National Geological and | the Salar de Quillagua, in Tarapaca | major deposits at Bigadic, Kirka, and 
Mining Service studied a large deposit | Province. The company had recently | Emet. Etibank operates refining facili- 
at Salar de Surire, Arica Province, | completed an expansion in capacity | ties to produce refined sodium borates 
northern Chile. Surveys of the area | and further expansion was planned.” | and boric acid from tincal concentrates 

| Quimica e Industrial del Borax Ltda. | at Bandirma. Boron minerals and com- 
(Quiborax) had completed a $3 million | pounds are shipped from the port of 

TABLE 7 plant to treat 1,000 tons per month of | Bandirma on the Sea of Marmara and 
ulexite to produce boric acid at Lluato. | Izmir on the Aegean Sea. , 

WORLD BORON ANNUAL Mined production was from the Salar | Borate deposits are in two different 
PRODUCTION CAPACITY, _ de Surire in Arica Province. Quiborax | zones in northeast-southwest-trending 
DECEMBER 31, 1989, RATED also owned the mineral rights to an- | basins in Turkey. In the Bigadic district, 

CAPACITY * other ulexite deposit in the Salar de | borate minerals formed in two distinct 
(Thousand metric tons of boron oxide content) | ASCotan, which is north of Salar de | lower and upper zones separated by 

Surire. thick volcanic beds. Colemanite and 
nity ulexite are predominant in both zones. 

ane aac Other borates, including howlite, pro- 
North America: United States _73__| China bertite, and hydroboracite, are found in 
South America: The Ministry of Chemical Industry | the lower borate zone; whereas inyoite, 
_Argentina 28 | mines and processes minerals used as | meyerhofferite, pandermite, terschite, 

Chile 5 | chemical feed-stocks, such as borates. | hydroboracite, howlite, tunellite, and | . 
Peru‘ | 5 | The processing of boron as the mineral | rivadavite are found in the upper borate 

Total 38 | Szaibelyite in Lioning Province was es- | zone. The average colemanite and ulex- 
Europe: U.S.S.R.° 41 | timated to be 100,000 metric tons per | ite ore grades are 30% and 20%, 

Asias.O—C«é«CS == | year. Maan mninneerraalss off high unnit-value, | respectively.”° 
Chine ttCSstS 5 including boron, are of current or po- 

“Tukey 472, | tential importance in world trade. United Kingdom . 
Toul China has a rich and varied mineral Borax Holdings Ltd. changed its 

——_________—_—— = ———/| resource base and all the requisite con- | name to Borax Consolidated Ltd. Bo- 
___Worldtotal C300 | ditions that tend to stimulate produc- | rax Consolidated Ltd. was formed as 

ystimated. tion and utilization of industrial min- | an Anglo-American joint venture. Bo- 
ncludes capacity at operating plants as well as plants on standby . ; . . 

basis. erals: a large, growing population, | rax Consolidated purchased the re- 

* Data do not add to total shown because of independent rounding. | rapidly increasing living standards, an | maining borax interest in 1913. The 
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Borax group joined RTZ:Corp. PLC in | | . | TABLE 8 , | 

a merger in 1968. The name change was | = BORON MINERALS: WORLD PRODUCTION, BY COUNTRY’ 
to reflect the more active role of borax : 
in the production and marketing. (Thousand metric tons) 3 a 

Borax celebrated its 90th year of | | | , | | _ 
operation and was actively making im- Country _ 1985 1986 ___:1987 _1988P 1989° 
provements during 1989. Five small re- | Argentina . 158 192 185° 257 200 
fining operations in Europe were | Chile | 5 ) 6 13 32 30 
merged into one large automated facil- | China® ti(‘iéSC«T 17 27 27 27 
ity in Coudekerque, northern France. | po O”O™C~™SW ©10 493 3 reds 18 

Capacity was expanded at the bulk Turkey 954. 928 ©1000 ©1200 1,400 

terminal and depot in Botlek, near | —_~—~>~————_ 
Rotterdam, Netherlands. New ware- USSR 200 200 200 200 ; 200 
housing was brought into operation in United States” Lt 1,135 _1,256 1149 114 
Humberside, United Kingdom, and | Total 50552704 288O 2,989 
two new facilities in Valencia and Cas- | |Pstimated. | °Prcliminaty, Revie ay 11, 1990. | | 
tellon, Spain, were scheduled to open 2 Minerals and compounds sold or used by producers, including both actual mine production and marketable products. 

in 1990. 3 Reported figure. 

Borax’s European network now in- , : | | 

corporates Borax Francais SA, Deut- | , 

sche Borax GmbH, Compagnie des Bo- | rate ion. The compound exhibits a yel- | are several factors that may give to mis- 

rates SA, Borax NV, and La Productora | low to orange color even in solution.*° | leading outlooks in consumption. One is 

de Borax y Articulos Quimicos SA.”’ Boron-doped synthetic diamond lay- | that production and imports reported in 

ers is believed to be a very useful mate- | 1 year may be utilized over a period of 

sri for electronics. A process for the | years. In addition, environmental con- 

CURRENT RESEARCH deposition of boron-doped semicon- | cerns may change the demand for boron 

i —— | ducting diamond by a depositional proc- | significantly in a short period. The regu- 

| an ess was demonstrated by Case Western | lation of the use of fire retardants in 

Air Products and Chemicals Inc., | Reserve University. Natural diamond | products has resulted in changes in boron 
under a Department of Energy, Office | crystals containing small amounts of | usage as a fire retardant. 
of Industrial Programs grant of | boron are generally blue. The famous _ 

$366,000, was working to improve the | Hope diamond is an outstanding exam- | Agriculture | : 
process economics and energy effi- | ple of this type of diamond. Boron is Boron usage in agriculture declined 

ciency of glass melting.”° responsible for the color and the semi- | to a low in 1982 and has declined 
Chemists at Kyoto University, Japan, | conducting properties. The properties | during the last decade. The primary 

have developed new boron-containing | of high-temperature stability, low di- | reason for the decline was attributed to 

polymers. Boron is a neutron absorber | electric constant, and high electrical- | the decrease in the number of operating 

used in nuclear-shielding applications | field breakdown voltage make doped | farms during this period. Farming ex- 

that could benefit from the new process. | diamond a good material for high fre- | ports were showing increased strength, 

The research also included a description | quency, high-power semiconducting | and demand for boron usage in agricul- 

of the group’s conversion of polyboranes | devices. Research is continuing toward | ture was expected to increase 8% per 

to polyalcohols and polyketones. electronic applications of diamond | year for the next 5 years. 

In addition, a combination of or- | technology.’ 
ganic boron compounds produced a General Electric Co. developed a | Ceramics and Glass 
polymer of steadily increasing molecu- | resin that can be produced in powder Boron usage in ceramics and glass 

lar weight until the polymer gelled. A | form and packed into a carbon or glass | increased over the decade, reaching a 
polymer of molecular weight of 24,000 | matrix that varies fabrication process | peak in 1984 that was a 36% increase 
was produced. Unlike pure boranes, | time. The powder triggers a catalyst | over the prior year. This spike was 
which are explosive, the resins pro- | upon heating that causes the molten | probably a demand to balance the 

duced were completely stable in air. The | resin to harden. The process allows the | sharp 41% decline in 1982. Ceramics 

polyborane resins could be decom- | resin to fill all voids, thus increasing the | and glass have both faced competition 

posed to low-molecular-weight prod- | strength of the composite.*” with polymers. Consumption was ex- 

ucts by bubbling air through their so- pected to continue to increase at the 

lutions in organic solvent, thus making rate of 4% per year for the next 5 years. 

borane processing safe.”? ce 
Chemists announced the preparation | QUTLOOK Coatings and Plating — 

and characterization of the first exam- | —#-_-??SYHTTTTTTTVNHVT__— Boron usage has experienced a decline 

ple of boron-containing compounds as a protective coating for steel products 
named boratirenes. The compounds Production and consumption of bo- | and as a glazing on ceramic tiles. This 
were prepared by the photochemical | ron minerals and compounds have de- | decline was a result of the demand for 
rearrangement of metal salts of a bo- | creased between 1980 and 1989. There | polymers that substituted for boron in 
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the coatings and platings. Demand was | ical compounds. The most common | in powder or pellet form and in sodium 
expected to remain at 1988 levels. refined borates, borax pentahydrate | hydroxide solution. | 

and its derivative anhydrous borax, are Boron nitride, a soft, white, highly 
Fabricated Metal Products marketed in technical and agricultural | refractory solid resembling graphite can 

Boron usage decreased in metal | grades. Lesser quantities of borax | withstand significant oxidation to tem- 
products during the last decade. Many | decahydrate are produced in technical, | peratures up to 650° C. Boron nitride | 
traditional metals products that require | United States Pharmacopeia, and spe- | produced in fibrous form equals glass 
soldering now are produced from poly- | cial quality grades. U.S. Borax discon- | fibers in strength and modulus of elas- 
mers as one piece. Usage in specialized | tinued the production of a “crude” | ticity, but is lighter in weight and more 
metal was expected to increase at the | borax pentahydrate for foreign custom- | resistant to high temperature. When 
rate of 2% per year. ers, but began production of textile- | subjected to extremely high pressure 

fiberglas-grade (TFG) boric acid for | and temperature, boron nitride forms 
Soaps and Detergents domestic use. cubic crystals that rival the hardness of 

This usage has declined, primarily as Boric acid is a white, odorless, crys- | diamond. 
chlorine bleaches and cold water | talline solid sold in technical national Boron carbide, produced by the re- 
washes have replaced boron soap pow- | formulary and special quality grades as | action of carbon and boric acid, is a 
ders. Recent concern for environmental | granules or powder. Boron oxide is a | highly refractory material and one of 
effects of chlorine have reversed that | hard, brittle, colorless solid resembling | the hardest substances known. Most 
decline. Perborate bleaches have re- | glass that is ground and marketed most | commonly used for both abrasive and 
turned to name brand soap products. | often under the name anhydrous boric | abrasion-resistant applications as well 
The usage of boron in soaps and | acid. as nuclear shielding, boron carbide is 
bleaches was expected to increase by Elemental boron is a dark-brown | marketed in technical and high-purity 
4% per year for the next 5 years. powder in the amorphous form and a | grades. | 

| yellowish-brown, hard, brittle solid in 

the monoclinic crystalline form. Boron | Byproducts and Coproducts 
BACKGROUND 1S marketed in grades from 90% to 99% More than four-fifths of U.S. pro- | 
—SY:sOépuritty. duction comes from mineral deposits 

a Ferroboron is a name given to a | mined only for their boron content. 
Definitions, Grades, and | variety of boron-iron alloys, containing | The remainder is produced from lake 
Specifications 0.2% to 24% boron,. used primarily to | brines, which also supply sodium car- 

Few of the many minerals that con- | introduce small quantities of boron | bonate, sodium sulfate, potassium sul- 
tain boron are commercially valuable. | into specialty steels. fate, and potassium chloride. Turkish 
Only colemanite and ulexite minerals, The boron hydride series contains | colemanite, ulexite, and tincal ores are 
primarily imported from Turkey, are | diborane, a gas; pentaborane, a liquid; | worked only for their boron content. 
marketed in the United States. The | and decaborane, a solid. These com- | Most U.S.S.R. borates are also mined 
boron oxide content of both minerals | pounds range from 31,200 British ther- | only for their boron content, but the 
as marketed is usually in excess of 40%. | mal units (Btu) per pound for diborane | Gulf of Kara-Bagaz-Gol and the Sivash 

Tincal, kernite ore, and brines are | to 27,850 Btu per pound for decabo- | (lagoon) borates are extracted with co- 
the U.S. source of refined borate chem- | rane. Sodium borohydride is marketed | product chloromagnesium from brines. 

| South American boron has been mined 
from ores and also has been produced 
as a coproduct of nitrate and iodine 

TABLE 9 | production. | | 

BORON MINERALS OF COMMERCIAL IMPORTANCE! Economic Factors 

Mineral Chemical B,O, weight Costs.—Energy costs are especially 
composition percent high for producing anhydrous products. 

Boracite (stassfurite) Mg,B,,02,Cl, 62.2 The anhydrous products were originally 
Colemanite (borocalcite) Ca,B,0,, H,O 50.8 introduced to decrease freight costs per 
Hydroboracie = = CaMgB.0,6H,O 50.5 ~~ | ton of contained boron oxide. Both do- 

Kernite (rasorite) | Na,~BO,4HO S10” mestic producers now use cogeneration 
Priceite (pandermite)==~*~C~C~:::::”””.. Ca BLOWOHZO-™492=0 facilities to reduce the cost of energy for 

a d supplying excess electric- 
Probertite (kramerite) —NaCaBjOySH,O 49.6 | FO | 
Sassolite (natural boric acid) . H,BO, 56.3 . 

Szaibelyite (ascharite) MgBO.(OH) 41.4 Depletion Provisions. —The domes- 

Tincal (native decahydrate borax) Na,B,0,°10H,O 36.5 tic and foreign depletion allowances for 

Tincalconite (mohavite) Na,B,07°5H,0 47.8 boron are 14% of gross income, and 
Ulexite (boronatrocalcite) NaCaB,0,°8H,O 43.0 may not exceed 50% of net income 
' Parentheses include common names. | without the depletion deduction. 
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. . . 15 | TABLE 10 as hi gh- energy aircr aft fu els, a few US. Embassy, Ankara, Turkey. Update to KSPR 
. . . 0429 Turkish Minerals Export Figures for 1988. State TIME-PRICE RELATIONSHIPS | cases of acute poisoning through inha- | pep telegram 06141, Ape 2, 1989, 15 po, 

FOR BORAX PENTAHYDRATE! lation occurred in industrial workers. '®Mining Annual Review (London). Argentina. 1989, 
Boranes are highly toxic and produce | p. c106. 

nc irri 1 17______ Central ica. ina. 
Average annual U.S. producer price, | S¢Vere irritation to the central nervous 1989 0 Ag? entral and South America. Argentina 

Year hazard to workers 'SGlaubach, Felip E. Felipe E. Glaubach S.A. . Based on constant ° B Ai Areenti Writ ication: 
Actual prices Because small quantities of boror (Buenos Aires, Argentina). Written communication; . 1988 dollars ; q ; 0 n available upon request from P. A. Lyday. 

1970 83 217 are essential for all plant life, it is '°U.S. Embassy, La Paz, Bolivia. Lithium Corp. of 1971 83 995 | added in trace levels to fertilizers; how- | America Signs Preliminary Contract to Exploit Salar of 
1972 #283 496 | €Ver, quantities well below concentra- | Uyuni. Dep. of State Econ. and Bus. Affairs. Airgram 1973. 889g |: tions affecting man and animals are so | 152 Nov * vas “PP Amax Approaches Final | . . ————. Santiago, Chile. ax Approaches Fina ao 
1974 108 220 extremely toxic to vegetation that boron Decision Point on Major Lithium and Mixed Salts 1995. Wee 116 315 compounds are also used commercially Project. State Dep. Telegram 09061, Sept. 8, 1989, 2 pp. ——____._______________“"- | as herbicides. Concentrated boric acid ! Mining Engineering. Atacama Brines Provide Basis 1976 ts ig used to control certain insects, and in | for Solar Evaporation Project. V. 4, No. 11 , 1989, pp. _ 1977 130 213 dilute solutions as a preservative to | 1073-1074. 
1978 141 212 control the growth of bacteria. | Work cited in footnote 16. 1999 184. 95g 0 3 Barnard, F. The Current State of Industrial Miner- 

eee als in China. Paper in Proceedings of 23d Forum on 1980 186 239 Geology of Industrial Minerals, (Proc. Forum, Cham- 
ao 

" 1981 205 240 paign, IL, May 1987), ed. by R. E. Hughes and J. C. 
PS 

Bradbury. Illinois Geological S 1989, pp. 5-10. 1982 222 244 'U.S. House of Representatives. Tariff Legislation a Gos VM “0 the Mine © art e Cent 1983 222 235 . for Opal Borosilicate Glassware, Cong. Rec., v. 135, No. On ind Min (London) y 357 oes . 63 asentury | 1OOCA... DD AQ | 43, Apr. 12, 1989, p. E 1173. ° 7. , oo 1984 229 234 2 Pe 7P , *5 Work cited in footnote 16. | —- American Mining Congress Journal. Washington 26 . . . oo. 1985 236 234 Wire: Endangered Tortoise Could Slow Mining in Helvaci, C. Mineralogy and Genesis of Bigadic 
a 
1986 243 234 Desert Southwest. V. 75, No. 9, 1989, p. 4. rome sre sits, Wann on Be he 9 080 
1987 249 234 > Chemical Marketing Reporter. U.S. Borax Gets Gas. 549 . 50 ong. Washington, DC, July 9-19, > PP. —— sv. 236, No. 24, 1989, p. 9. 271 d - | Mineral d ited Kined 
W988 AH * Chemical Week. PPG Gets Out of a Glass Business. B 0 Tincal A me rals - ee ‘jes ae om: ' Borax pentahydrate, technical, granular, 99.5%, bulk, carlots, | V. 145, No. 9, 1989, p. 14. oe s “cal Week. tot °- , > P. Bd. 
works. Chemical Marketing Reporter. SPE Picks Compos- C hemical Week. Technology Newsletter: Glass ite Wheel. V. 236, No. 21, 1989, pp. 7, 28 Melting Research. V. 145, No. 25, 1989, p. 80. 

6 TL... _ eee aan . 2°Chemical & Engineering News. Polymers Made The German Research Service. Glass Fibers Bridge Using Hydroboration P V. 67. No. 51. 1989 
The Atlantic. Special Reports, v. 5, No. 3, 1989, 1 p. 0 od Foporation Frocess. Y. 07, No. 51, > PP. . 

7 . > ’ . 
. Operating Factors No 74, 1980, wp oa Waste into Glass. V. 222, 3°. Synthesis of Borocycloprenes. V. 67, No. 

oe aoe 24, 1989, p. 3. we . * Shanley, A. Detergent Specialties Find Their Niche. 31 . Toxicity.—Naturally occurring bo- Chem. Bus. V. 12, No. 1, 1990, pp. 16-17. Bachmann, P. K. and R. Messler. Emerging Tech- 
. . ’ > PP nology of Diamond Thin Films. Chemical & Eng. News ron compounds have relatively low tox- * Williams, S. Detergents Additives Set on Upward | 67, No. 20, 1989, pp. 24-27, 30-39 

icity for man and other mammals. So- | Track. Chem. Mar. Rep. V. 235, No. 5, 1989, pp. 32ue et: . 
dium borates, boric acid, and boron eee Ropes jacqui. Magnetic Materials Und Development. The Wall Street Journal (new Youn oxide are not present to any significant SDOins, vacqui. Magnetic Materials Update (Lon- | 914° No, 52, 1989, p. BI. d . i d 1 dinth don). Materials Edge. No. 13, 1989, pp. 53, 55, 57-60. 
egree In alr an are piaced In the same ‘Materials Edge (London). Allied-Signal’s Metglas hazard category as general dust. Inges- | cuts Losses. No. 12, 1989, p. 9. OTHER SOURCES OF INFORMATION tion in quantities greater than 20 grams '?Hughes, D. Airlines Evaluate Boron-Epoxy for 

by an adult can cause nausea and skin | Repair of Aircraft Structures. Aviation Week & Space | Bureau of Mines Publications 
Tech. V. 130, No. 20, 1989, pp. 67, 69. : 

rashes. “1 American erety Mane Ne Titanium Diboride Boron. Mineral Facts and Problems, 
> . 

Br the Ie . when the anes Offered. V. 97, No. 56, 1989, p. 4. 1985.0 
( Xx y) » a Class OF Manu acture oron "*Lelonis, D. A. Boron Nitride Tackles the Tough Boron. Ch. in Mineral Commodity compounds, were undergoing research | Ones. Ceramic Industry. V. 132, No. 4, 1989, pp. 57-60. Summaries, annual. 
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| By Phyllis A. Lyday 

_ Mrs. Lyday, a physical scientist with the Bureau of Mines, has been the commodity specialist for bromine for 11 years. 
Domestic survey data were prepared by Gail Mason, mineral data assistant; and international data tables were prepared by 
Peter Roetzel, international data assistant. 

f the 423 million kilograms | other operations were estimated by us- | programs. Seventy-three percent of these 
of bromine produced world- | ing quantity of brine produced and | wells are regulated by States with pri- 
wide in 1989, the United | estimated bromine concentration. = | macy programs. Arkansas reported 66 

| States produced 41%, fol- wells as Class V and Michigan reported 
lowed: by Israel, 28%; the U.S.S.R., |. i‘ (UC «2941.1 A well used to reinject spent 
15%; the United Kingdom, 6%; and | LEGISLATION AND | brine into the same formation from 
other countries, 10%. The metric sys- GOVERNMENT PROGRAMS which it was drawn after production of 
tem is the official system of measure- | —————__——_—________—- | bromine, is included as a Class V well 
ment of most countries. The Bureau of (text table below). | 
Mines, in an effort to provide statistical The Underground Injection Control The EPA incinerated all leftover stocks 
data on bromine in units most consis- | (UIC) program was established under | of the pesticide fumigant ethylene dibro- 
tent with international usage, will | Part C of the Safe Drinking Water Act to | mide (EDB). The disposal included 
henceforth report data in kilograms | protect underground sources of drinking | 328,000 gallons of EDB stored at various 
(kg) and metric tons (mt) unless other- | water from endangerment by subsurface | locations around the country. _ 
wise noted. The U.S. portion of world | emplacement of fluids through wells. In July, the first restrictions on the 
production has decreased steadily since The Environmental Protection Agency | manufacture of fully halogenated chlo- 
1973, when the United States produced | (EPA) was required to identify a list of | rofluorocarbons (CFC) went into ef- | 
71% of the world supply. The decrease | States for which UIC programs may be | fect. Output of halons, which are flu- 
in world share has been a result of | necessary, to approve or disapprove pro- | orocarbons that can contain bromine, 
environmental constraints and the | grams submitted by the listed States, and | was to be limited in 1992 to 1986 levels. 
emergence of Israel as a major pro- | to develop programs and regulate injec- | The EPA set up a quota system that 
ducer. The quantity of bromine sold or | tion activities in States that do not have | allocates future production of the con- 
used in the United States was about 175 | approved UIC programs. trolled chemicals based on each U.S. 
million kilograms valued at $189 mil- Of the 57 States and jurisdictions iden- | producer’s share of the 1986 market for 
lion. Exports of bromine compounds | tified, 35 have primary enforcement au- | halons. Halons 1211, 1301, and 2402, 
amounted to 29 million kilograms. The | thority, or primacy, over all injection | which are used in fire extinguishers, are 
price of elemental bromine in bulk was | practices; 5 share primacy with EPA; and | included in the quota system. New in- 
95 to 101 cents per kilogram. Primary | 17 have federally administered programs. | formation identifies chlorine and bro- 
uses of bromine compounds were in | In 1987, approximately 300,000 injection | mine from CFC as primary factors in 
flame retardants, as a scavenger for | wells were regulated nationally by UIC | the seasonal loss of ozone at the South 

lead in gasoline, and in oil and gas well 
fluids. International concern over the 
use of halons brought 44 countries 
together, including the United States, ; ___---___EEE——OOOOOO OO 
to agree on proposals to protect the | __—s———C—C—‘“C;C;CSCSCSC INJECTION WELLL CLASSIFICATION 
Earth’s ozone shield from destruction. | Class I: Wells used to inject hazardous wastes or dispose of industrial and municipal fluids 

Class IT: Wells used to inject fluids associated with the production of oil and natural gas or 

i nd for enhanced hydrocarbon recovery. These wells normall 

DOMESTIC DATA inject ‘below ‘the lowermost USDW except in oases where the USDW is hydrocarbon 

COVERAGE — producing 
TE Olas TIT: Wells that inject fluids for the extraction of minerals. 

. . Class IV: Wells that dispose of hazardous or radioactive wastes into or above a USDW 
Domestic production data for bro- (BANNED). 

mine was developed by the Bureau of | Gigs; v; Wells not included in other classes generally inject nonhazardous fluid into or above | 
Mines from a voluntary survey of U.S. a USDW. 

operations. Of the six operations to ~“Tfra well does not fit into one of the first four Classes and meets the definition of an injection 
which a survey request was sent, two | well, it is considered a Class V well. It should be noted that not all Class V wells are used for 
responded, representing 47% of total | disposal. Examples of Class V practices which are not disposal related include: Aquifer Recharge, | 

elemental bromine sold or used. The | Fossil Fuel Recovery, and Mineral Recovery, 
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TABLE 1 | | Pole known as the Antarctic “ozone 
. . . 99 e e 

SALIENT BROMINE AND BROMINE COMPOUND STATISTICS —_| bole.” The fate of halon is uncertain, 
| although the output of halons is small 

(Thousand kilograms and thousand dollars) compared with CFC.” 

—_ | | At yearend, a law was passed to raise 
1985 1986 1987 1988 1989 $5.6 billion in new revenues for fiscal 

United States: | 1990, including $489 million from taxes | — 
Bromine sold or used: ! | on five chlorofluorocarbons and three 

| Quantity 145,000 141,000 ~—=«:152,000 ~—=— 163,000 ~—=—=175,000 | halons, namely, halons 1201, 1301, 
Value $80,000. $93,000. $107,000 $144,000 ~—*$188,650 | 2nd 2402. The tax rates are based on 
a «| othe potential for depleting the ozone 

Exports: : : 
—~"Flemental bromine | layer, compared with halon 1100, 
___Flemental bromine; , fluoromethane.? | 
__ Quantity, *2,836 88,119 *3,348 84,328 3,557 The EPA amended the regulations 

___ Value ———C—C*C«CS S40 78,170 783,526 *3,379 $3,165 | for hazardous waste management un- 
| Bromine compounds: * der the Resource Conservation and Re- 

Gross weight 27,669 12,701 21,908 13,925 35,914 | covery Act for methyl bromide. Two 

Contained bromine 23,541 10,433 18,643 11,839 28,998 | wastes generated during the production 

Value | $23,400 $23,900 $18,000 —- $13,000 $24,093 | of methyl bromide were also listed. The 
Imports:2 | regulation would become effective on 

_-mportssy 4 ) 
Elemental bromine: April 6, 1990. . 

- Quantiy SOS 5 iss 248 257 460 The v5. Department or Agree 
Value... —, $”~“Ct‘s:‘C*«*SBON”C“‘C#NC’ 9$GO~~<“C«“Y'SC“‘O‘C(C#«S#OZ was granted a Section exemption oy 

— SO —§— | the EPA for methyl bromide used in 
Compounds: . ; 

——Fornmonium bromides pest control on imported chayotes, mel- 
ree -| ons, and plantains. The exemption ex- 

_____—Grossweight 12642595 2,243 1,660 2,402 | ies on April 17, 1992. The EPA stated 
Contained bromine 1,031 2,117 1,830 1,354 1,960 that long-term toxicity data were being 

| Value $1,593 $2,994 $2,257 $2,180 $3,471 | developed for methyl bromide and fu- | 
Calcium bromide: | ture exemption requests will depend 

Gross weight 2,310 2,820 3,663 4,286 7,770 | upon the outcome of these studies.° | 

Contained bromine 1,847 2,255 2,929 3,427 6,212 A relabeling of the bromine com- 
Value $917 $741 $833 $1,360 $3,231 | pound, Bromoxynil, produced by Rhone- 

potassium bromate. Poulenc Inc. was approved by the EPA. 
TT | Rhone voluntarily canceled and recalled 

Gross weight 485 291 1,389 4,161 2,314 ; . . 
Contained bromine 232. 4139 4665. 4+4J.991. 1.107 the formulation because of high skin 

nt _______-— | absorbent rate. New labeling would be 
—___Vae 8899 8669 8848110783401 | required on all Bromoxynil containers.° 
_____ Potassium bromide: 7 The EPA sought to limit the land 

Gross weight 439 316 866 848 590 disposal of certain hazardous wastes 

Contained bromine 295 212 581 569 395 | listed in 40 Code of Federal Regulations 

Value $685 $486 $1,122 $1,278 $985 | (CFR) 268.12. Seven hydrocarbon wastes 

Sodium bromide: containing bromine were included.’ 
Gross weight 1,316 212 657 1,925 1,369 The Interagency Testing Committee, a 
Contained bromine 1,022 165 510 1,495 1,063 | consortium of 15 Federal agencies, is- 
Value $1,108 $217 $507 $1,936 $1,922 | Sued a report adding 13 chemicals to the 

Others SE list of substances under the Toxic Sub- 
et tances Control Act. These should be Gross weight 4,575 4,587 8,294 32,892 28,005 | > 0) te ' 
Contained bromine 23,113 —~=i3,681~S~«S ST —~—«i919__9, 787 | Seven PONY comaidersicon to als ____OManeg Sromume th POSE EO | gating test rules. The additions to the list 

_ Value 85,863 84,627 $13,669 $35,531 $42,589 | included several bromine compounds.® 
World: Production *381,960 "375,059 391,116 P 408,792 © 422,900 The Department of Health and Hu- 

Estimated. ? Preliminary. . a . . man Services performed toxicology and 
wrodene, bromine sold as such to nonproducers, including exports, or used in the preparation of bromine compounds by primary U.S. carcino gen studies on rats u sin g t rib ro- 

2The Journal of Commerce Port Import/Export Reporting Service. momethane, a chemical intermediate 

; Bureau of the Census. a and solvent. Under the 2-year studies, 
Bureau of the Census. Includes methy! bromine and ethylene dibromide. . . 

there was some evidence of carcino- 
genic activity.” 

On January 19, 1989, the Occupa- 
| tional Safety and Health Administra- 

: tion published amendments to its Air 
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Contaminants Standard, 29 CFR | plies, concentration of the bromine inthe | gasoline additive, was about 18% of 
1910.1000. The new standard includes | brine, and individual plant extraction | total consumption. The ITC’s “Syn- | 
a new Table Z-1-A to replace the Per- | processes. In Arkansas, one supply and | thetic Organic Chemicals, 1988” listed 

| missible Exposure Limits. An index | one disposal well were required for each | Great Lakes and Ethyl as the only 
alphabetically lists the 428 substances | 4.5 million kilograms per year of bro- | producers of EDB used in gasoline 
discussed. Bromine and several bro- | mine produced. additives during 1988. 
mine compounds were included.’° Bromine concentrations in the brine Ethyl reported that 70% of the pro- 

| Ethylene dibromide and dibromo- | decrease as waste brine depleted of | duction of sodium bromide is produced | 
chloropropane were 2 of 17 pesticides | bromine is returned to its source. New | from virgin bromine and hydrogen. The 
and 21 other compounds added to the | wells must be drilled to provide ade- | remaining 30% is produced as a coprod- 
EPA drinking water contaminants list. | quate reserves to insure future demands | uct from a new purification system com- 
The proposal to regulate drinking water | of elemental bromine. Each supply well | pleted in 1988 to recycle bromine. 
‘contaminants was authorized by the | requires an investment in excess of $1 Unusual circumstances occurred dur- 
1986 amendments to the Safe Drinking | million and has an average life of about | ing 1987 and 1988 that affected the 
Water Act, which was originally passed | 10 to 15 years. company’s ability to enter large volume 
by Congress in 1974. The EPA stan- During 1989, the Arkansas Oil and | contracts with service companies for 
dards generally apply to any water- | Gas Commission reported that 63 bro- | the sale of clear brine fluids, including 
supply system serving more than 25 | mine producing wells were in operation. | sodium bromide. In 1987, Ethyl signed 
people.” A small amount of bromine produced as | a consent decree with the Department 

a byproduct of wells in Michigan was not | of Justice requiring a large volume of 

eT C|soff commercial quality and was repro- | inorganic bromides to be placed in re- 
STRATEGIC cessed before consumption. serve to supply Tetra Chlor Inc., a 
CONSIDERATIONS subsidiary of Tetra Technologies Inc.“ | 
a Fire retardants were estimated to be 

S| about 30% of consumption, primarily as 
Firefighters and safety engineers in | CONSUMPTION AND USES tetrabromobisphenol-A and decabromo-. | 

Alaska were alarmed that halons may | —————~-—-——— | dipheny] oxide. About 25% of bromine 
be banned by Congress. Halons were | . consumption was in clear brine drilling 
used to suppress explosions and extin- The U.S. International Trade Com- | fluids used in work-over and completion 
guish fires at the eight pipeline pump- | mission (ITC) publication “Synthetic | fluids. Agricultural uses, primarily as | 
ing stations. Automatic halon systems | Organic Chemicals, 1988” reported that | methyl bromide, were about 15% of 
installed at wells throughout Alaska’s | the Dyes & Pigments Div. of Mobay | consumption, principally as methyl bro- 
massive North Slope can extinguish | Chemical Corp. produced Pigment Red | mide used as a soil fumigant. Bromine 
fires in a fraction of a second.!? 168, dibromoanthranthrone orange. Red | was also used in water treatment as a 

Allied-Signal Inc. reported that the | 168 was used in automotive metallic ap- | slime and biocidal control product and 
U.S. Navy began substituting a fluoride | plications because of its transparency. other uses accounted for an estimated 
compound in discharge testing of halon Demand for EDB, primarily as a | 15% of consumption. | | 

systems installed on approximately 275 
ships. Although the compound is nota | | 

_ fire-extinguishing agent, it is a practical TABLE 2 

_ | alternative for reducing halon emis- | §BROMINE-PRODUCING PLANTS IN THE UNITED STATES IN 1989 
sions during testing of the system. An- 
other 150 ships planned to install sismx—-_ | JT _c_”)_A—=_l"llJlWJTlWJ|Y|W]W]Y]YY——_—_-— ooo 
ilar halon systems.!* Elemental bromine 

State and company County Plant Production cap aaty’ 

PRODUCTION con | 
ilograms) 

Arkansas: 

Ethyl Corp. and Great Lakes Chemical Arkansas Chemicals Inc. Union El Dorado Well brines 23 

Corp. produced and marketed bromine Ethyl Corp. Columbia Magnolia do. 50 

chemicals from plants in Arkansas. Do. do. do. do. 73 

Small amounts of unpurified bromine Great Lakes Chemical Corp. Union El Dorado do. 48 
were produced as a byproduct of magne- Do. do. Marysville do. 36 
sium production in Michigan. The Ar-|~ po —st—i<‘i‘i‘“CSO~™ do. El Dorado do. 23 
kansas plants accounted for about 97% Michigan; stst=<CSsti‘S™ 

of US. elemental bromine capacity at | “The Dow Chemical Co.___—=-Mason Ludington do. 29 
yearend 1989 and 100% of bromine sold. |. <2 = 

. Total 261 
or used. Elemental bromine plant capac—_ |$ ——£§{ ——\"--?>Y>YNNN——— 
ity did not reflect production capacity, | yee eee eae otis reprececced in Arkanscs. 
which was dependent upon brine sup- | Data do not add to total shown because of independent rounding. 
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: , | : TABLE 3 
PRICES | , | | 
OO ~~ YEAREND 1989 PRICES FOR ELEMENTAL BROMINE AND 

7 SELECTED COMPOUNDS 
Bromine was sold under contracts | | a 

negotiated between buyer and seller. Value per Value per 
Price quotations do not necessarily rep- Product pound kilogram 
resent prices at which transactions ac- | (cents) (cents) 
tually occurred, nor do they represent | Ammonium bromide, National Formulary (N.F.), granular, | 
bid and asked prices. They were quoted drums, carlots, truckloads, free on board (f.o.b.) works 131 - 289 

here to serve only as a guide to yearend | Bromine: | | | | 
price levels. | Drums, truckloads, works! | | | 103. | 227 

a Bulk, tank cars, works! . 43-46 . 95-101 

oe . Bromochloromethane, drums, carloads, f.o.b. Midland, MI ~ 125 276 

—_——— | Calcium bromide, bulk? | , 67 | 148 

FOREIGN TRADE | Ethyl bromide, technical, 98%, drums, truckloads 127 280 

7 : Ethylene dibromide, drums, carloads | a) 209 

' * i i > 4 > ’ ’ 9 4-U.U- ~ 7 In October, the ITC held a hearing as < : — — —— ee o.b 54 65 119-143 

concerning the withdrawal of the gen- | “YCTO8<n Dromide, anhydrous, cylinders, 2,20 Pounds, ) 
. | | . truckloads _ 390 860 

eralized system of preferences for im- Methyl bomide tank carsSCtC<“is=‘<‘<=<CSCS 
ports of sodium bromide from Israel. | 2 ; 5 300 ad 
Israel received duty-free treatment on Potassium bromate, granular, powdered, -pound drums, | a 
oe _ . - carloads, f.o.b. works (106 _ 234 
its bromine products in all major world | —72-2-__/_W___———T_.H 

-_ | . Potassium bromide, N.F., granular, drums, carloads, f.o.b. 
markets except the United States where | | 4. 112 247 

duties are paid on three significant Sodium bromide, technical, truckloads | | 65-68 143-150 
bromine products. _ = aD aan TTPO NSE OF TE ETP ELE 

Delivered prices for drums and bulk shipped west of the Rocky Mountains, 1 cent per pound higher. Bulk truck prices 1 to 2.5 cents 

. per pound higher for 30,000-pound minimum and 4 to 5.5 cents per pound higher for 15,000-pound minimum. 

. | ? Bureau of the Census. Average c.i.f. import value. 

_ . Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 236 No. 26, Dec. 25, 1989, pp. 26-34. 

WORLD REVIEW | | | | a 

| | | | the stratosphere. Another meeting was | 50% of 1986 levels by mid-1990 and 
A 3-day conference titled “Saving the | held in Helsinki in May of the 44 | that halon output be limited to 1986 

Ozone Layer” was held in London dur- | countries that signed the Montreal pro- | levels. There was support of an agree- 
ing March. The basis for the concern | tocol. The Montreal protocol that went | ment to eliminate CFC’s by the year 
was CFC’s and halons that are attrib- | into effect January 1, requires that | 2000. There was disagreement concern- 

_ | uted to depletion of the ozone layer in | production of CFC’s be reduced to | ing the fate of essential uses of halon.!° 

TABLE 4 

| BROMINE: WORLD PRODUCTION, BY COUNTRY! | | 

; (Thousand kilograms) 

Country” 1985 1986 1987 1988? 1989° 

France* 20,000 19,000 18,500 18,000 18,000 

Germany, Federal Republic of ° 33,077 2,500 2,500 2,500 3,000 

India 1,083 1,229 1,182 1,242 1,500 

Israel © 100,000 105,000 110,000 “118,000 120,000 

Italy © 600 450 *450 450 500 

Japan‘ 12,000 15,000 15,000 15,000 15,000 

Spain‘ 350 280 300 300 300 

U.S.S.R. © 70,000 65,000 65,000 65,000 65,000 

United Kingdom 29,850 26,000 26,184 *25,000 25,000 

United States * 145,000 140,600 152,000 163,300 3174,600 

Total * 381,960 * 375,059 391,116 408,792 422,900 

“Estimated. "Preliminary. ‘Revised. 

' Table includes data available through Apr. 18, 1990. 

2In addition to the countries listed, several other nations produce bromine but output data are not reported, and available general information is inadequate for formulation of reliable estimates of output levels. 

3 Reported figure. | 

“Sold or used by producers. 
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Capacity production following a strike that 
The data in table 4 are rated capacity | lasted a month. The workers feared the CURRENT RESEARCH 

for mines and refineries as of Decem- | collapse of international potash prices 

ber 31, 1989. Rated capacity is the | would lead to closure of the mines. !° Tetra Technologies Inc., Woodlands, 

maximum quantity of product that can TX, purchased the clear brine fluids 
be produced in a period based on a portion of Dow Chemicals Co. in 1988. 
normally sustainable long-term operat- | Israel | Tetra, a diversified chemicals and waste 
ing rate, based on the physical equip- Israeli Chemicals Ltd. (ICL) con- | management company founded in | 

ment of the plant, and given acceptable | trolled 25 active subsidiaries, including | 1981, obtained funding from such 

routine operating procedures involving | 89% of Dead Sea Bromine, the second | sources as T. Rowe Price and the Envi- 

labor, energy, materials, and mainte- | largest producer of bromine and bro- | ronmental Fund.”° During 1989, Tetra 

nance. Capacity includes both operat- | mine compounds in the world. A deci- | was examining the possibility of selec- 

ing plants and plants temporarily | sion to sell a 50% portion of ICL, the | tively precipitating a zinc hydroxide 

closed that, in the judgment of the | Government’s wholly owned subsid- | from a heavy metal waste stream. If the 

author, can be brought into production | iary, was under consideration. The sale | process is successful, the zinc hyroxide 

within a short period with minimum | was to be handled by First Boston, an | could be used to produce zinc bromide 
capital expenditure. investment bank. | for use in Tetra’s oil well brine fluids | 

Mine capacity for bromine is based business.”! 

on rated capacity as reported by the 
company, by another Government | U.S.S.R. a 
agency, or another published source. The U.S.S.R. took the position, dur- | QUTLOOK 

| ing the Helsinki meeting of May 1988, | —————______—____ 

concerning the Montreal protocol, that | | 

France all halon uses are essential. There was | Sales of bromine, primarily in com- 

Mines de Potasse d’Alsace, Mul- | agreement of the need to eliminate | pounds, has increased about 23% since 
house, a producer of bromine from the | CFCs by the year 2000.'” 1969. This represents an annual rate of 
bitterns of potash production, resumed increase of about 1.1% per year. These 

increases have been attributed to in- 

| United Kingdom creased use of bromine in fire retar- 
TABLE 5 Great Lakes completed a purchase of | dants, sanitizers, and well-drilling flu- 

52% of Octel Associates and its oper- | ids. Bromine is expected to increase in 

WORLD BROMINE ANNUAL ating company, The Associated Octel | demand at the same 1.1% rate through 
PRODUCTION CAPACITY,’ —_| Co., Ltd., for $180 million. The shares | the next 5 years. Demand as a fire 
DECEMBER 31, 1989, RATED were purchased from BP Petroleum De- | retardant will offset any decreases in 

CAPACITY? velopment Ltd., Texaco Oil Co., and | petroleum. Bromine usage in well-- 
(Thousand kilograms) Mobil Oil Corp. with 36.5%, 10.65%, | drilling fluids was expected to remain 

and 5.3%, respectively. The acquisition | depressed. 

“Country Capacity gave Great Lakes more than 30% of the | 
Oy PE | global bromine compounds market. | Petroleum | 
North America: United States__——261,000 | Octel was the largest producer of tetra- Demand for bromine as a gasoline 
Europe; ethyl lead in the world. Total sales in | additive has declined each year since 
_France——<—s—CSCsé22, 000 |._:« 1 988 Were $400 million. Shell Oil Co. | the EPA issued regulations in the 

German Democratic Republic 3,500 | and Chevron Oil Co. retain 36.7% and | 1970’s to reduce the lead in gasoline. 

Germany, Federal Republic of 2,500 | 10.65%, respectively, in the company.'® | Bromine in the form of ethylene dibro- 

Italy 900 | Octel Associates, headquartered in Lon- | mide is used as a “scavenger” for the 

Spain 999 | don, employed approximately 3,000 peo- | lead to keep the lead from depositing in 

“USSR. 73,000 | Ple throughout Europe. Directly or | the engine. In 1979, the amount of 

United Kingdom SOS” 30,000 through affiliated companies, Octel had bromine sold reached a peak of 225 

Toa? ttCStStS8 3,00 interest in manufacturing plants in million kilograms. The rapid decline to 

Middle Eas IsaclStCtCtCS*S«Y 000 France, the Federal Republic of Ger- | 141 million kilograms in 1986 was a 

————"_—___________ === | many, Italy, and the United Kingdom. | direct result of the limits on lead in 

Asta Octel sold its products to about 270 | leaded gasoline. The European Eco- 

Ching 500 | refineries in over 90 countries worldwide. | nomic Community continued discus- 

india 700 Ethyl established a sales office in | sions to reduce lead levels in gasoline. 
Japan 24,000 | Bracknell, Berkshire, at Ethyl Petro- 
Total? 25,000 | leum Additives Ltd. The office pro- | Sanitary Preparations 
World total 532,000 | vided sales of industrial chemicals and Bromine has found usage in swim- 

! Actual capacity limited by brine supply. | bromine chemicals sold in the United | ming pools, hot tubs, and whirlpools. 
“Includes capacity at operating plants as well as at plants on | Kingdom, including “Saytech” brand | The sanitary preparation field is an 

S Data tray vot add to total shown because of independent | flame retardants and bromine deriva- | area where bromine has been found to 
rounding. tive chemicals. !? be safer than its substitutes. The use of 
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TABLE 6 : 

WORLD BROMINE ANNUAL PLANT CAPACITIES AND SOURCES, DECEMBER 31, 1989 : 

Country and company Location (thousand oo Source 

kilograms) 

China: } . 

Laizhou Bromine Works Shandong | 500 Underground. brines. 

France: | : 

: Atochem Port-de-Bouc 13,600 Seawater. | 

Mines de Potasse d’Alsace S.A. _ Mulhouse 8,600 Bitterns of mined potash 

production. | 

German Democratic Republic: Bleicherode NA | ~ Do. 

Government Sondershausen 3,500 Do. 

Germany, Federal Republic of: 

Kali und Salz AG: Salzdetfurth Mine Bad Salzdetfurth 2,500 ~ Do. 

India: 

Hindustan Salts Ltd. Jaipur | 

Mettur Chemicals Mettur Dam \ 700 Seawater bitterns from 

Tata Chemicals Mithapur salt production. 

Israel: | | | 

Dead Sea Bromine Co. Ltd. Sdom 113,000 Bitterns of potash production 

| from surface brines. 7 

Italy: 

Societa Azionaria Industrial Bromo Italiana Margherita di Savoia 900 Seawater bitterns from | 
. salt production. 

Japan: 

Asahi Glass Co. Ltd. Kitakyushu 4,000 Seawater bitterns. 

Toyo Soda Manufacturing Co. Ltd. Tokuyama . 7 20,000 Do. 

Spain: | 

Derivados del Etilo S.A. Villaricos | 900 Seawater. 

U.S.S.R.: | 

Government NA . 73,000 Well brines. 

United Kingdom: 

Associated Octel Co. Ltd. Amlwch 30,000 Do. | 

' Excludes U.S. production capacity. See table 2. 

bromine will continue to grow in this | dents from hazardous products pro- BACKGROUND 

area closely following the gross na- | duced in other States. co 

tional product in real growth. Definition, Grades, and Specifications 

Fire Retardants Other In the elemental form, bromine is a 

Federal regulations covering flam- Usage of calcium bromide and zinc | very dark, reddish-brown liquid. Bro- | 

mability of private and public building | bromide in well-drilling fluids decreased | mine is the only nonmetallic element 
| materials and furnishings have required | during the 1980’s as the domestic petro- | that is liquid at ordinary temperature 

greater amounts of fire retardant chem- | leum industry suffered a severe recession. | and pressure. The natural form of bro- 
icals to be used in these materials and | Federal laws enacted to encourage alter- | mine is a solution of sodium bromide 
furnishings. The costs and/or benefits | native forms of power in automotive | in natural brines, saline deposits, salt 
of fire retardants versus environmental | engines are likely to have a depressive | lakes and seas, and oceans. 
hazards in the United States is expected | effect on increases in petroleum demand. Elemental bromine was marketed in a 
to grow as organic materials replace | Senate bill 1630, the Clean Air Act, has | “purified” grade. Specification for this 
metals in transportation, infrastruc- | an amendment that will require mobile | grade are as follows: specific gravity not 
ture, and packaging. Several State gov- | sources, such as cars and trucks, to use | less than 3.1 at 10° C to 20° C; bromine, 
ernments continue to support strong | the most effective technology possible to | not less than 99.7%; iodine, none; and 
consumer laws that protect State resi- | control toxicants. chlorine, not more than 0.1% 
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Specifications for the various grades | the bromine, or about 0.7 to 0.8 kilo- TABLE 7 
of bromine compounds include techni- | grams of bromine per barrel of brine, is TIME-PRICE RELATIONSHIPS 
cal bromine, 99.5% pure, with the recovered if the raw brine was first 7 FOR BROMINE 
chief impurities consisting of chlorine, | acidified to a pH of 3.5. The chlorine — | 
traces of moisture, and organic matter. | replaces the bromine in the brine and FE nce a 
Specifications of the United States | the gaseous bromine rises with the | | “price, cents per kilboam 
Pharmacopoeia and the American | steam out of the top of the tower; there Year ced on 
Chemical Society Committee on Ana- | it was condensed to a reddish-brown |. ~——s Actual constant 
lytical Reagents allow 0.3% chlorine, | liquid. Bromine was separated from PFICes 1988 dollars 
0.05% iodine, 0.0002% sulfur (0.006% | gases because it is heavy and can be | 19709 38.1 110 
as sulfate), and no more organic matter | tapped out of the bottom. The bromine 1971 #4382 ©5104. 
in 1 milliliter than will saturate 50 | liquid can be further purified or reacted 192 4363. 95 
milliliters of 5% sodium hydroxide so- | with other materials to form bromine 193... 4354. °° BF 
lution. The term “chemically pure” sig- | compounds. Bromine vapor, a little 1974 600 
nifies a minimum of impurities. chlorine, and water vapor are captured | ———————___"9. ____** 

| at the top of the tower. Hot bromine- | 177) 1-0 
Geology-Resources free liquor emerges from the bottom of | 1976 49-4 OS 

| Bromine is widely distributed in the | the tower. After neutralizing with lime, | 1977 41.7 _ 86 
Earth’s crust, but in small quantities. | the waste liquor was pumped through a | 1978 46.8 _ 79 
By far the largest potential source of | heat exchanger to a waste pond. Brine | 1979 48.6 | 25 
bromine in the world exists in the | from the pond was reinjected into the | 1980 54.8 78 
oceans. At a concentration of only 65 | same producing zone to maintain hy- | 1981 48.6 | 63 | 
parts per million, an enormous amount | drostatic pressure. 1982 4595 #&4:7 
of water must be processed to obtain Seawater contains about 60 to 70 1983 595 69 
the bromine. parts per million (ppm) of bromine as 1984. 744° BH 

Arkansas brines contained about | sodium bromide or magnesium bro- 1985.4 
5,000 parts per million at depths of | mide. Production of bromine from sea- | ——2—————""»_ _ A 
7,500 feet in limestone of the Smack- | water uses the blowing-out process. 860 4A 
over Formation of Jurassic age. In | Raw seawater is acidified by adding | 1987 77-2 80 
Michigan, brines containing about | sulfuric acid and then chlorine. Air was | 1988 98-1 
2,600 parts per million of bromine oc- | drawn into the base of the tower and | 1989° 98.1 94 
cur in the Sylvania Sandstone Forma- | passes countercurrent to the descending | ‘Estimated. 
tion of the Detroit River Group of | brine. Air containing bromine passes to | 
Devonian age. the absorption tower. In the absorption | 

In Israel, bromine was produced as a | tower, bromine reacts with sulfur diox- Depletion Provisions.—Bromine pro- 
byproduct of salt, sodium chloride, | ide to form a hydrogen bromide. The | ducers (domestic and foreign) are 
and potash production. The waste | bromine is separated by adding acid to granted a 5% depletion allowance under 
brines contain 14,000 parts per million | the solution and is distilled by steam. | the Federal Income Tax Law on the value 
bromine. | The gaseous bromine was condensed, | of bromine produced from brine wells. 

: separated, and purified. The depletion allowance can be calcu- 
Technology lated by the actual cost method. 

| The Arkansas Geological Commis- | Economic Factors | : 
sion reported three east-west bromine- Operating Factors | 
rich brine fields. Wells are drilled down Cost.—Chlorine is the largest cost 
to the brine level and a submersible | factor, representing about 30% of the Environmental Requirements.—Some 
pump was lowered to pump the liquid | manufacturing cost of bromine. Other bromine-bearing brines contain hydro- 
to the surface. Brine is separated by | cost factors include brine (22%), oper- | gen sulfide gas. This gas has a disagree- 
gravity from any residual gas at the | ating cost (15%), utilities (14%), over- | able odor, is highly toxic, and when 
surface and was pumped to one of six | head (12%), and other (7%). burned, will oxidize to sulfur dioxide, an 
processing facilities. | acid-producing gas. Hydrogen sulfide 

At the processing facility, bromine Taxes.—During 1989, brines pro- | gas is chemically removed from the in- 
was separated from the brine by a | duced in Arkansas required the pay- | coming brine and converted into elemen- 
steaming-out process. The brine was | ment of $2 per 1,000 barrels in sever- | tal sulfur or other nontoxic sulfur- 
pumped into the top of a tower con- | ance taxes and capital equipment was containing compounds. 
structed of granite that was filled with | subject to the payment of property 
ceramic packing. As the brine falls | taxes. Bromine produced in the United Toxicity.x—Bromine is highly toxic 
through the packing material, it reacts | States was subject to Superfund taxes | and corrosive and must not be allowed 
with chlorine and steam that were in- | of $4.45 per ton. Bromine was manu- | to escape into the atmosphere. Many 
jected at the bottom of the tower. One | factured using chlorine, which was also | bromine compounds are also poison- 
pound of chlorine is required to yield 1 | subject to a Superfund tax of $2.70 per | ous or irritating and must be packaged 
kilogram of bromine. About 95% of | ton of chlorine. in leak-proof containers to avoid per- 
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sonal injury. If bromine is spilled on | production, packaging, transportation, | . Federal Register. Health and Human Services. Na- 
aper. d shavi t ‘t will keti | duct d d l tional Toxicology Program; Availability of Technical 

paper, rags, wood shaving, etc., it will | marketing, product and process devel- | geport on Toxicology and Carcinogenesis Studies of 

generate considerable heat, which may | opment, quality control, and adminis- | tribromomethane. V. 54, No. 190, Oct. 3, 1989, pp. 

lead to spontaneous combustion. Bro- | tration. More than two-thirds of these | 40748-40749. , 

mine: will react with living tissue and | jobs are concentrated in Union and | ——-. Occupational Safety and Health Adminis- 

must be removed immediately to avoid | Columbia Counties of south Arkansas. Tea ne, we 12792 Contaminants, V. 54, No. 98, 

ser10us inj ury. | . ne . 7 | 11 Chemical Marketing Reporter. EPA Poses New 

Bromine vapors are hazardous to the Energy Requirements.—The manu- | Rules on Ag Chems. V. 235, No. 19, 1989, pp. 7, 20. 

eyes and lungs. Any concentration | facturing cost of bromine is heavily 12_____ Halon Ban Seen Threat to Alaska Line. V. 

above 1 ppm in the air for an 8-hour | dependent on chlorine and brine cost. | 236, No. 19, 1989, p. 16. Ce 

exposure is considered a health hazard. | Of the total brine cost, 46% is power 13_____ | Sulfur Hexafluoride May Replace “Halon” 

Bromine can be detected by its odor | related and 53% is. maintenance cost.  eaitioe ‘. o aa 38. “Written commun 

even at this level. Exposure to concen- | Brine cost is dependent on well main- | wy ited to. (Ethyl Corp.). Written commun: 
. : . cation submitted to U.S. International Trade Commis- 

trations of 500 to I ,000 ppm for as little tenance cost and energy cost associated sion, Oct. 3, 1989, 10 pp.; available upon request from 

as one-half hour is lethal. The Occupa- | with well pumping. Approximately | the Office of the Secretary, U.S. International Trade 

tional Safety and Health Administra- | 14% of the bromine manufacturing | Commission, Washington, DC. 

tion regulates the working conditions | cost is energy related. | '® Chemical and Engineering News. CFC Alternatives 
of bromine plants . a May Face Phaseout. V. 67, No. 49, 1989, pp. 5-6.. 

. . ——_—___— 16 Chemical Week. International Newsletter: French 

When handling bromine, a per son 1 Council, L. C., and J. S. Fryberger. An Overview of | Potash Mines Restart, v. 145, No. 3, 1989, 5 40, a 

should use safety goggles, face shield, | cjass v Injection Wells. Paper in Proceedings of the 17 Work cited in footnote 15. 

rubber gloves, rubber boots, and under | International Symposium on Class V Injection Well 18 Chemical Marketing Reporter. Great Lakes Ap- 

some conditions, a self-contained | Technology. Underground Injection Practices Council, | plauded by Standard and Poor's. V. 236, No. 11, 1989, 

breathing apparatus. Bromine spills | Okl#homa City, OK, Sept. 22-24, 1987, pp. 20°96. p. 41. | | | 
e e e : 2 . . 9 | i iti 19 i can b e neutralized with a solution of Zurer, P. S. Producers, Users Grapple with Realities . Ethyl Sets Up in UK. V. 235, No. 19, 1989, 

. . . of CFC Phaseout. Chem. & Eng. News. V. 67, No. 30, | p. 45. 

sodium thiosulfate. Gaseous bromine | 199, pp. 7-13 ) | 20 mh: . a Det 
. - 4 > FP: . Chemical Marketing Reporter. Tetra to Avoid Pub- 

may be neutralized with controlled 3 Chemical Marketing Reporter. CFC’s Used to Pare | tic Market. V. 235, No. 21, 1989, pp. 9, 17. 

amounts of gaseous ammonia. All | Deficit. V. 236, No. 26, 1989, pp. 5, 21. 21_____ Tetra Marketing Technology for Reduction 

metal, such as electrical switches and 4Federal Register. Environmental Protection Agency. | of Waste Volume. V. 235, No. 22, 1989, pp. 7, 14. 

connections, that ma b x Hazardous Waste Management System. V. 54, No. 193, | | 

| ° , y be exposed to Oct. 6, 1989, pp. 41402-41407. } 
bromine vapors should be made of 5 Dei. OTHER SOURCES OF INFORMATION 

. . . Pesticide & Toxic Chemical News. USDA Granted 

corrosion-resistant materials and/ OT | Quarantine Exemption for the Use of Methyl Bromide. 

completely sealed from contact with | V. 17, No. 43, 1989, p. 15. Bureau of Mines Publications 

the room air. ¢_____ Bromoxynil Relabeled; Exposure Data Re- Bromine ch. in Minerals Yearbook, 
quirements Imposed. V. 17, No. 27, 1989, pp. 29-30, annual. 

7 . . ° 

Employment.—The U.S. chemical in- Federal Register. Environmental Protection Agency. Bromine ch. in Mineral Commodi 
dust prey 1 . di tl f Land Disposal Restrictions for Third Scheduled Wastes. Sy . 1 odity 

20 personnel for each $1 million of 8 Chemical Marketing Reporter. TSCA List Grows. V. Bromine ch. in Mineral Facts and | 

sales. These employees are working in | 236, No. 24, 1989, p. 7. Problems, 1985. 
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By Thomas O. Llewellyn | 

Mr. Llewellyn is a physical scientist with the Branch of Nonferrous Metals. He has covered cadmium for 3 years. Domestic 
survey data were prepared by Lura Nightlinger, Nonferrous Metals Data Section. International data were prepared by 
Giovanni Jacarepaqua, International Data Section. | | 

omestic production of cad- In October 1989, the Environmental The NDS goal for cadmium metal was 
mium metal decreased in | Protection Agency (EPA) denied a pe- | at 5,307 metric tons, unchanged since 

1) 1989. Four companies oper- | tition submitted by SCM Chemicals | 1980. At the end of 1989, the NDS 
ating four plants produced | Inc. requesting removal of cadmium | cadmium inventory was 2,871 tons. | 

all of the domestic cadmium. Imports | sulfide (CdS) and cadmium selenide 
for consumption of cadmium metal | (CdSe) from the list of toxic chemicals | 
increased, but exports decreased signif- | under 313 of the Emergency Planning | DOMESTIC PRODUCTION 

icantly compared to the level of 1988. | and Community Right-To-Know Act | ——-—#-— 
The New York dealer-price range of | of 1986. SCM contended that CdS and . : : 
cadmium metal, at $8.45 to $8.65 per | CdSe were not toxic and did not meet Primary cadmium was produced by 
pound at the beginning of the year, | the section 313 criteria for listing; how- | ASARCO Incorporated, Denver, CO; 
declined to $5.25 to $5.35 per pound by | ever, EPA’s decision was based on | Big River Zinc Corp., Sauget, IL; Jer- 
yearend. available cancer data on CdS and other | sey Miniére Zinc Co., Clarksville, TN; 

cadmium compounds.” | and Zinc Corp. of America, Bartles- 
| | ville, OK. 

LEGISLATION AND Tt | i 
GOVERNMENT PROGRAMS | STRATEGIC CONSUMPTION AND USES 

i _ | CONSIDERATIONS : 

The Agency for Toxic Substances In 1989, nickel-cadmium batteries 
and Disease Registry published a final Cadmium was included in the Na- | were the principal market for cadmium, 
version of ‘Toxicological Profile for | tional Defense Stockpile (NDS) be- | surpassing both coating and plating ap- 
Cadmium,” required under section 110 | cause of its importance in specialized | plication, for the second consecutive 
of the Superfund Amendments and | military applications such as plating | year. Based on production, trade, and 
Reauthorization Act of 1986 (Public | where substitutes may be in short sup- | stock data, the apparent domestic con- 
Law 99-499).! | | ply or unsatisfactory. - sumption of cadmium in 1989 was higher 

| TABLE 1 

| SALIENT CADMIUM STATISTICS | 

1985 1986 1987 1988 1989 

United States: | 

Production ! metric tons 1,603 1,486 1,515 1,885 1,550 

Shipments by producers do. ‘4,791 2,030 1,916 2,074 2,015 

Value thousands $2,436 $1,883 $1,861 $5,389 $2,282 

Exports metric tons 86 38 241 613 | — 369 

Imports for consumption, metal do. 1,988 3,174 2,701 2,482 2,787 

Apparent consumption do. 3,720 4,385 4,178 3,620 4,096 

Price, average per pound, in | to 5 short ton lots: 

New York dealer $0.92 $1.07 $1.60 $6.91 $6.28 

Producer $1.21 $1.25 $1.99 3$7.90 — 

World: Refinery production metric tons "18,924 *19,070 19,066 P21,899 © 21,002 

“Estimated. Preliminary. ‘ Revised. 

' Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in production of compounds. 

2 Includes metal consumed at producer plants. . 

3 Major cadmium producers stopped quoting a published price for cadmium metal effective Sept. 1988. Producer price average of Jan.-Aug. 1988. 
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| TABLE 2. a : TABLE 4 : 

| U.S. PRODUCTION OF CADMIUM INDUSTRY STOCKS, DECEMBER 31 

| COMPOUNDS , | 
| (Metric tons) 

, (Metric tons, cadmium content) . . | 

| | | | 1988 1989 

. _| Year Cadmium Other cadmium Cadmium Cadmium in Cadmium Cadmium in 
, sulfide compounds : , metal compounds ‘metal compounds 

| 1985 477 1,021 “Metal producers 332 W - 241 - WwW 

| 1986 645 ; 1,459 Compound manufacturers 128 | 372 | 77 399 

| 1987 540 1,511 Distributors | | 21 1 8 | 1 | 

- 1988 345 1,497 Total 481 373 326 | 400 . 

: . 1989 — 267 1,45 1 W Withheld to avoid disclosing company proprietary data; included with “Compound manufacturers.” _ 

- "Includes cadmium lithopone and cadmium sulfoselenide. 

2 Includes plating salts and oxide. 

/ oo a than two and one-half times the price TABLE 5 

| range quoted at the beginning of 1988. 
a than that of 1988. The increase was | The range of cadmium metal prices US. EXPORTS OF CADMIUM 
- believed to reflect the continuing de- | followed a steep downtrend and by the METAL AND CADMIUM IN 
- mand of the battery industry for the | end of August were quoted at $3.40 to | ALLOYS, DROSS, FLUE DUST, | 
7 metal. An estimated apparent con- | $3.80 per pound. The price decline was RESIDUES, AND SCRAP 
a sumption pattern for 1989 was as fol- | attributed to slower growth of the nickel- | | 

oo lows: batteries, 35%; coating and plat- | cadmium battery industry, particularly in Year Quantity Value 
co ing, 30%; pigments, 15%; plastics and | Japan. However, the U.S. cadmium price (metric tons) (thousands) 
a synthetic products, 10%; and alloys | market improved during September and | 1987 241 $660 

- and other, 10%. by the end of the month the price range | 1988 613 3,697 | 
- - was $5.95 to $6.25 per pound. The prices | 1989 369 857 | 
co TABLE 3 | for cadmium metal during the last quar- | Source: BureauoftheCenws. St=<“CS*s=<CS«SS 

| ter of 1989 trended downward and closed | — | 
. CONSUMPTION OF CADMIUM the year in the range of $5.25 to $5.35 per | | | 

a | ) pound. | WORLD REVIEW 
a (Metric tons) . | rm ig 

_ 087 1088 1589 | FOREIGN TRADE Industry Structure 

. oaIweoeoeo SS | OOD In 1989, the U.S.S.R. was thought to 
Stocks, Jan. 1 923 720 854 . 

: a be the largest producer of refined cad- 
— Production «1515 1,885 1,550 Exports of cadmium metal and cad- | mium, followed by Japan, Belgium, 
a Imports for mium in alloys, dross, flue dust, resi- | Canada, the United States, Mexico, the 
— consumption, metal 2,701 2,482 2,787 . . 

: —__-___—__. —— ——— —— | dues, and scrap decreased considerably | Federal Republic of Germany, and Aus- 
- _fotal supply «55139 5,087 5,191 | from those of 1988, but imports of | tralia. These eight countries accounted 

| Exports 24E 613, 369 | Cadmium metal increased in 1989. for an estimated 67% of the world’s 
Stocks, Dec. 31 720 854 726 The Bureau of the Census reported | refined cadmium production. Because 

| Consumption, apparent’ 4,178 3,620 4,096 | that the United States imported 137 | cadmium is recovered mainly as a 
| ' Total supply minus exports and yearend stocks. million nickel-cadmium batteries in | byproduct of zinc ore processing, many 

1989. Japan, Hong Kong, and Mexico | producers of zinc and zinc compounds 
| sts supplied approximately 92% of the to- | produce primary cadmium as an inte- 

STOCKS tal battery imports. gral part of their operation. Cadmium 
TTT TTT Under the new Harmonized Tariff | is also recovered from flue dust gener- 

Schedule of the United States, which | ated at lead and copper smelters, and at 
Total inventories of cadmium metal | was in effect January 1, 1989, cadmium | steelmaking mini-mills; however, the 

decreased about 32%, while inventories | sulfide and pigments and preparations | amount of production from these 
of cadmium compounds increased 7% | based on cadmium compounds from | sources is not known. 
compared with those of 1988. most favored nations (MFN) were sub- 

| ject to a 3.1% ad valorem duty; for | Capacity 
| nton-MFN a 25% ad valorem duty was The data in table 7 represent rated 

PRICES retained. Imports of unwrought cad- | annual production capacity for mines 
TT AT _ | UM, Waste and scrap, and powders, | and refineries on December 31, 1989. 

were duty free for MFN, whereas a | Rated capacity was defined as the max- 
The New York dealer-price of cad- | statutory duty of 33 cents per kilogram | imum quantity that could be produced 

' | mium at the beginning of 1989 ranged | was imposed on these materials for | on a normally sustainable long-term 
from $8.45 to $8.65 per pound, more | non-MFN. | operating rate, based on the physical 
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| | TABLE 6 | | TABLE 7 

| U.S. IMPORTS FOR CONSUMPTION '? OF CADMIUM METAL, | WORLD ANNUAL CADMIUM 
| BY COUNTRY PRODUCTION CAPACITY, | 
| DECEMBER 31, 1989 

1988 1989 _ (Metric tons, cadmium content) __ 
Country Quantity Value Quantity Value | | | 

_______ metric tons) ___ (thousands) _(metric tons) _(thousands)_ | 
Argentina 31 $331 — sa, | NorthAmericas | Australia | 309 4,462 173 $2,391 Canada ti(‘i‘é~Sé«SS;«S 00 2,500 
Belgium | 19 44 120 1,045 “Mexico 2, 000 15 00 

Brazil | 80 1,099 22 328 United States 1.800 3100 

| Canada 3858 9,816 947 11,042 Toul 3 600 F100" : 

China 5 360 40 840 Central America 300 — 
Finland 330 371 3 46 South America: == =— 

France _— — 333 | 1,522 Peru 2,000 600 

Germany, Federal Republic of 372 4,979 39 1,837 Othr 750 200 

Maly 7 oo © a Total 2,750 800 | 
Japan — a 2 48 Europe — 7,500 11,000 
Korea, Republic of — = 21 : 334 Africa. 1.000 600 
Mexico 590 7,670 616 7,525 Ada === —= 

Namibia | 5 40 24 337 | Japan — 600 51 00 . 

Netherlands | 26 113 132 559 Othe 2,600 1,300 

Norway ~ _ 35 415 Total 3,200 6,400 
Peru | 5 39 : 59 755 — 
—_—_--——_-. | Oceania: : 

Poland 12 B _ a Australia 2,350 1,300 
South Africa, Republic of (4 2 — — “World total —S—Ct(“«‘éa OD 300 | 

Spain 55 465 17 1920 | 
Switzerland — — 12 190 

United Kingdom | a , oa ic no discarded nickel-cadmium _ batteries. 
SESE SEE , 4 SAFT installed a recycling plant at its 
Venezuela | — o | 4 Nersac facility, near Angouleme, 
Yugoslavia SC «@Fyance. The plant capacity for cad- 
Total *2,482 31,081 2,787 °30,161_ | mium recovery was rated at about 300 

' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily metric tons per year.* : 

comparable to those in 1988. 

* General imports and imports for consumption were the same in 1988 and 1989. 

Includes waste and scrap (gross weight). . Japan . 

“Less than 1/2 unit. Sanyo Electric Co. Ltd. planned con- 
Data do not add to total shown because of independent rounding. . . . 

Source: Bureau of the Census. struction and installation of a new 
nickel-cadmium sealed battery plant at 

| Kokushima, Japan, during 1990. The 
plant’s designed production capacity of 

equipment of the plant and routine op- | Reserves 10 million batteries per month will 
erating procedures for labor, energy, ma- Cadmium reserves were obtained by | increase Sanyo’s production to 40 mil- 
terials, and maintenance. Capacity in- | applying an average recovery factor of | lion sealed batteries from the current 30 
cluded both operating plants and plants | 0.36% to zinc reserve data. On this | million units per month. 
temporarily closed that, in the judgment | basis, the domestic reserves of cad- 
of the author, could be brought into | mium were estimated at 72,000 tons. 

production within a short period of time | Total world reserves were estimated to | esses 
with minimum capital expenditure. be about 530,000 tons. The world’s | CURRENT RESEARCH 
Cadmium is principally a byproduct | largest reserves of cadmium were lo- | ——— 

of zinc production. Therefore, cad- | cated in the United States and Canada. 
mium mine capacity was estimated | The Cadmium Association, Eng- 
based on zinc mine capacity, and cad- | France land; Cadmium Council Inc., New 
mium refinery was estimated based on Société d’ Accumulateurs Fixés et de | York; and the International Lead Zinc 
rated zinc refinery capacity, discussions | Traction (SAFT) of France bought | Research Organization Inc., North 
with officials from private industry, | from SAB-NIFE, a Swedish battery | Carolina, held the Sixth International 
past and present production rates, and | company, the rights to use its technol- | Cadmium Conference in Paris, France, 
published capacity data. ogy for recycling industrial wastes and | April 19-21, 1989. Major topics of 
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| TABLES OUTLOOK 
“CADMIUM: WORLD REFINERY PRODUCTION,! BY COUNTRY TS 

7 | | . Metric tons . . . . 
a fo, ( ) Most uses of cadmium are dissipa- 

. SEEN TERETE YP tive, therefore little scrap is generated. 

—____ Country 98S 198619871988? _—=*989”" | Exceptions are scrap generated during 
Algeria 128 124 102 55 _ 80 | the recycling of some cadmium bearing 
Argentina 46 47 46 46 40 | alloys and storage batteries. Currently, 
Australia. 910 915 944 855 900 | cadmium is recovered from waste bat- 
Austria 52 _ 82 26 26 30 | teries in Sweden, France, Japan, and 
Belgium | 1,252 1,374 1,308 1,836 1,790 | the Republic of Korea. In the next 3 to 
Brazil | _ 224 233 214 161 175 | 5 years, recycling of nickel-cadmium 
BulgariasSCtCs‘“‘<2S; 300 300 180 180 180 batteries was expected to become an 

Canada—~——CiY TL 1,484 1,481 1,742 1,750 era. on i sin E attery ad North 
China® 540 650 680 750 goo | Urns Incustries In murope an | 

Fidland 565 509 590 703 500 America, because of | environmental 

a and economic reasons. | a 

France 337 431 457 558 500 The short-term demand for cad- 
German Democratic Republic’ 15 18 18 "20 15 | mium in the United States was expected 
Germany, Federal Republic of 1,095 1,218 1,125 1,159 1,190 | to fall marginally below the level of 

India 194 ©160 214 237 245 | 1989. This decline was expected to be 

Italy 526 411 320 705 500 | the result of continuing lower demand 

Japan : 2,535 2,489 2,450 2,614 2,690 | for cadmium in coating and plating, 
Korea, North® 100 100 100 100 100 | Pigments, and plastics and synthetic 
Korea, Republicof SS” | | _ _ 490 500 products during the nen ats 5 eas: 

Mexico 734 1,016 935 1,259 1,200 ere was a strong possibility that the 
a world demand for primary cadmium 
Namibia 58 61 51 106 90 . 
Netherlands 0 will follow the same trend, for the 
Netherlands 394 337 S17 655 350 | reasons mentioned above and also due 
Norway 159 154 147 169 200 | to slower growth of the nickel- 
Peru °420 438 461 368 470 | cadmium battery industry. | 
Poland* 600 600 600 600 600 oo 

Romanias 75 75 75 15 70 1 Toxicological Profile for Cadmium (U.S. EPA con- 

Spain 268 247 297 438 300 | tract 68-02-4228, Life Systems Inc.). Oak Ridge Na- 
Turkey 32 6 11 22 22 tional Lab., Mar. 1989, 116 pp. 

e Federal Register. Environmental Protection Agency. 

USSR 3,000 3,000 3,000 3,000 3,000 Cadmium Sulfide and Cadmium Selenide; Toxic Chem- 
United Kingdom 370 379 498 399 395 | ical Release Reporting; Community Right-To-Know. V. 

United States? 1,603 1,486 1,515 1,885 34,550 | 54, No. 201, Oct. 19, 1989, pp. 42962-42964. 

Yugoslavia 279 259 305 405 400 ‘0 : Advanced Battery Technology. V. 25, No. 4, Apr. 

Zaire 296 364 299 281 270 y PP 
Total "18,924 “19,070 19,066 21,899 21,002 OTHER SOURCES OF INFORMATION 

“Estimated. Preliminary. ‘Revised. 

' This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and imported origin. . . . 

Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where known, this has been indicated by Bureau of Mines Publications 

a footnote. Data derived in part from World Metal Statistics (published by World Bureau of Metal Statistics, Ware, United Kingdom) Cadmium. Ch. in Mineral Commodity 

and from Metal Statistics (published by Metallgesellschaft Aktiengesellschaft, Frankfurt am Main, Federal Republic of Germany). S : 1 

Cadmium is found in ores, concentrates, and/or flue dusts in several other countries, but these materials are exported for treatment uMMArles, annua . 

elsewhere to recover cadmium metal; therefore, such output is not reported in this table to avoid double counting. Table includes data Cadmium. Ch. in Mineral Facts and 

available through Mar. 30, 1990. Problems 1985 ed. 

2 Includes secondary. ° 

3 Reported figure. Other Sources 

American Metal Market (daily paper). 

Metals Week. | 

discussion covered various aspects of | ment. Sponsoring organizations ex- 

cadmium applications technology. Pa- | pected to have the conference proceed- 

pers were presented in five categories: | ings published by mid-1990. 

Regulating Cadmium; New Technolo- Developments in cadmium technol- 

gies and Markets—the Essential Uses | ogy during the year were abstracted in 

of Cadmium; Health Effects I— | Cadscan, a quarterly publication avail- : 

Cadmium and the Kidney; Health Ef- | able through the Cadmium Associa- 

fects II—Cadmium and Cancer; and | tion, 34 Berkeley Square, London, 

Controlling Cadmium in the Environ- | W1X 6AJ, England. 
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a 

oo | ~ By M. Michael Miller ; | 

Mr. Miller, a physical scientist with 12 years of minerals experience with the Department of the Interior, has been the 

commodity specialist for calcium and calcium compounds since 1989. Domestic survey data were prepared by Joseph C. 

Daniels, mineral data assistant. | | | a | 

n 1960, an International System DOMESTIC DATA three shapes; other shapes were avail- 

of Units was adopted by the 11th COVERAGE 8 ‘able on request. They produced an 

General Conference of Weights | “~ "7 "7" CSCSCSSCdS:«C 80-20% calcium-maggnnesium alloy, a 

and Measures. This system is . | pure calcium wire used in the steel 

called the MKS system or metric sys- The Bureau of Mines develops domes- | industry to modify inclusions, and a 

tem, and most countries of the world | tic production data for calcium chloride | 73%-27% calcium-aluminum alloy or 

have adopted it as their official system | from a voluntary survey of U.S. opera- | unalloyed calcium-aluminum briquet. 

of measurement. The Bureau of Mines, | tions entitled “Calcium Chloride and | Elkem Metals Co., a Norwegian-owned 

in an effort to provide statistical data | Calcium-Magnesium Chloride.” Of the | company with headquarters in Pitts- 

on calcium and calcium compounds in | 10 operations polled, 9 responded, repre- | burgh, PA, produced a calcium-silicon- 

units most consistent with international | senting less than 35% of the total pro- | barium-aluminum alloy at its-plant in- 

| usage, will henceforth report data in | duction shown in table 1. Production for | Niagara Falls, NY, and imported sev- 

kilograms (kg) and metric tons (mt) | the nonrespondent was estimated using | eral other calcium alloys. 

unless otherwise noted. — published plant capacity and contacts Michigan was the leading State in nat- 

Calcium, the fifth most abundant | within the industry. ural calcium chloride production; Cali- 

element in the Earth’s crust, is chemi- -| fornia was a distant second. The Dow 

cally very active and is found inahost |__._——CsCSCSSsSCSSCC ||. Chemical Co. and Wilkinson Chemical 

of minerals that occur in nearly every | STRATEGIC | Corp. recovered calcium chloride from 

geologic environment. The Bureau of | CONSIDERATIONS brines in Mason and Lapeer Counties, 

Mines publishes reports for a variety of | ——————_______-__ | MI. Dow’s Ludington plant produced 

calcium-containing minerals and com- calcium chloride pellets and _ flake; 

pounds because of their commercial Calcium metal was used to reduce | Wilkinson marketed calcium chloride 

significance and contribution to the | uranium dioxide, a fuel in some types of | solutions only. National Chloride Co. 

quality of human life. Calcium fluoride | fission reactors. The nuclear applications | of America, Cargill’s Leslie Salt Co., 

is sold as fluorspar; calcium sulfate as | of calcium metal gave it strategic signifi- | and Hill Brothers Chemical Co. pro- 

gypsum or anhydrite; calcium oxide | cance; the U.S. Department of State | duced calcium chloride from dry-lake 

and hydroxide as lime; calcium phos- | would not permit sales to countries not | brine wells in San Bernardino County, 

phate as phosphate rock; and calcium | signatory to the United Nations Nuclear | CA. Hill Brothers Chemical also pro- 

carbonate as either limestone, marble, | Nonproliferation Treaty. duced from a second operation near 

calcareous marl, or shell. Information Cadiz Lake, CA. | 

on these commodities can be obtained | __—SSSSSSSSSSSSSSSSSSSSSSS Allied Signal Inc. recovered synthetic 

in the Bureau of Mines Minerals Year- | PRODUCTION calcium chloride as a byproduct at its 

books reports entitled ‘“Fluorspar”? | ——----——-——————————_ | Baton Rouge, LA, plant using hydro- 

“Gypsum,” “Lime,” “Phosphate Rock,” chloric acid and limestone. Texas United 

“Crushed Stone,’ and ‘Dimension Pfizer Inc. produced calcium metal | Chemical Corp. produced synthetic cal- 

Stone.” Other calcium compounds are | at Canaan, CT, by the Pidgeon process, | cium chloride for 2 months in 1989 from 

discussed in the Yearbook reports con- | in which high-purity calcium oxide | purchased hydrochloric acid and lime- 

cerning the element with which calcium | (produced by calcining limestone) and | stone at its plant near Lake Charles, LA. 

is combined; for example, calcium bro- | aluminum powder are compacted into | This plant was sold to the Tetra Chemi- 

mide is covered in the “Bromine” re- | briquets and heated in vacuum retorts. | cals Division of Tetra Technologies, 

port in the Minerals Yearbook. This | The vaporized calcium metal product | Inc. on February 28, 1989. Tetra Chem- 

“Calcium and Calcium Compounds” | collects as a “crown” in a water-cooled | icals produced calcium chloride from 

Minerals Yearbook report includes cal- | condenser. this plant and their liquids plant at 

cium metal, calcium chloride, and var- Pfizer produced commercial-grade | Norco, LA. Occidental Chemical Corp. 

ious other calcium compounds not cov- | 98.5% calcium in eight shapes and | manufactured calcium chloride at 

ered elsewhere. high-purity redistilled 99.2% metal in | Tacoma, WA, using limestone and hy- 
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drochloric acid. was to melt snow and ice from roads. | bactericide, deodorant, water purifier, 
Precipitated calcium carbonate (PCC) | Calcium chloride was also used to con- | disinfectant, fungicide, and bleaching | 

: was produced by Pfizer Inc. at its lime | trol dust, to stabilize road bases, to | agent. 
plant in Adams, MA, and at 10 satellite | thaw coal and other bulk materials, in Calcium nitrate was used as a con- 

| plants for use at adjacent paper mills. | oil and gas drilling, for concrete-set | crete additive to inhibit corrosion of |. 
Mississippi Lime Co. produced PCC at a | acceleration, as tire ballasting, and in | steel reinforcement bars, accelerate set- 
facility adjoining its lime plant in Ste. | miscellaneous other uses. Calcium | ting time, and enhance strength. | 
Genevieve, MO. Continental Lime Inc. | chloride when used for deicing is more Calcium carbide and calcium-silicon 
produced PCC at Tacoma, WA. In late | effective at lower temperatures than | alloy were used to remove sulfur from 
1989, Continental Lime Ltd., parent of | rock salt and was used mainly in the | molten pig iron as it was carried in 
Continental Lime Inc., sold the assets | Northern and Eastern States. Because | transfer ladles from the blast furnace to 
and technology for PCC production to | of its considerably higher price, it was | the steelmaking furnace. 
Georgia Kaolin Co. They have been reor- | used in conjunction with rock salt for | | 
ganized under a new company called GK | maximum effectiveness and economy. | __————s—sss—C—C—C—S—~—S—S—S—S—S—S 
Carbonate. Precipitated calcium carbonate was | PRICES AND 

) Calcium hypochlorite was produced | used as a pigment for brightness and SPECIFICATIONS — | 
by Olin Corp. at Charleston, TN, and | opaqueness in premium-quality coated 2 
PPG Industries Inc. at Natrium, WV. | papers and as a filler in uncoated pa- 
Sales were flat in 1989 due to a rainy | pers. In coated paper, PCC was used in The published price of calcium metal 
summer. Total domestic calcium hy- | the coating to improve paper brightness | changed infrequently. According to the 
pochlorite capacity was 96,600 mt. ! and print clarity. In uncoated papers, it | Metal Bulletin, the yearend published 

: | price range for calcium metal, mini- 

| | | | mum 98% purity, was $3.05 to $3.45 
| TABLE 1 , per pound, U.S. free market.” This was 

equivalent to $6.70 to $7.60 per kg. 
U.S. PRODUCTION OF CALCIUM CHLORIDE (75% CaCl, Equivalent) Calcium metal was sold on a contract 

(Thousand metric tons and thousand dollars) 7 oreatiy from the published price, The 

———_——————_— > | published price range only serves as a 
Year Natural ___ Synthetic _____Total___|_ guide to the prices obtained by dealers | 

Quantity Value Quantity Value Quantity Value and producers. 

1985 Ww WwW Ww WwW 853 135,000 Calcium metal was usually sold in 
1986 — Ww WwW WwW Ww 708 109,000 | the form of crowns, broken crown 
1987° W WwW Ww WwW *§97 87,400 | pieces or nodules, or billets, which were 
1988° wv | WwW WwW Ww 663 86,700 | produced by melting crowns in an ar- 
19399 WwW WWW 873. 148,000 | on atmosphere. The metal purity in 
"Revised. ‘Estimated. W Withheld to avoid disclosing company proprietary data. =*~*~S*é“‘“‘=*«Y#éhese ‘forms was at ideast 98%. Higher 

purity metal was obtained by redistilla- 
. tion. Calcium metal was usually 

CONSUMPTION AND USES was used asa filler and extender in the shipped in polyethylene bags under ar- | 
| | «paper to improve the optical, physical, | gon in airtight steel drums. Grades of 

| and price-performance characteristics | calcium are shown in the text table. 
Calcium metal was used in the manu- | of the paper. The plastics industry used 

facture of maintenance-free and sealed | a fine and ultrafine grade of PCC to 
lead-acid batteries, as an aid in removing | lower raw material costs, increase im- Typical specification, parts per million 
bismuth in lead refining, and as a des- | pact resistance, improve surface Commercial Melted Redistilled 
ulfurizer and deoxidizer in steel refining. | smoothness, and enhance color stabil- Mg 5,000 Mg 5,000 Mg 4,000. 
It was used to reduce oxides of the rare | ity. Its major use was in polyvinyl chlo- N 500. N 9,000 N70. 
earth neodymium and boron for alloying | ride (PVC), but it was also used in such Al 5.000. Al 5.000. Al 30” 
with metallic iron for use in neodymium- | polymers as polystyrene, polypropy- Fe «400 Fe 300 Fe 
iron-boron permanent magnets. It was | lene, and polyethylene. The paint in- | —————H——————__—____~_ 
used as a reducing agent to recover many | dustry used it as a replacement for Mn 400) Mn 300) Mn 150 
of the less-common metals such as | expensive TiO, pigment and to control | CU <<! 10 
hafnium, plutonium, tungsten, vana- | flow properties, provide body, and | —————s—ss—se si 
dium, uranium, thorium, and the rare | maintain dispersion.! Ca min. 98.8% Ca min 98.0% Ca min. 99.5% 
earths from their oxides or fluorides. Calcium hypochlorite was used to | Source: Quigley Company Inc., a subsidiary of Pfizer Inc. 
Some minor uses were in the preparation | disinfect swimming pools, which ac- 
of vitamin B and chelated calcium sup- | counted for more than 85% of domes- Calcium chloride was sold as flake or 
plements, and as a cathode coating in | tic demand, and in other municipal and | pellet averaging about 75% CaCl,, or as 
some types of photoelectric tubes. industrial bleaching and sanitation | a liquid concentrate averaging 40% 

The principal use of calcium chloride | processes. It was used as an algicide, | CaCl,. Although actual prices are nego- 
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tiated and usually discounted, yearend calcium metal imports have increased. | on world calcium markets. They were 
1989 published prices and specifications | The majority of shipments came directly | reported to have sold calcium at 20% to 
are shown in the text table. from China, the U.S.S.R., and France. | 30% below the yearend published price 

of $6.71 to $7.60 per kg ($3.05 to $3.45 
| per lb). Both Pfizer Inc. and Tim- 

minco, the Canadian calcium alloy pro- 
set att Value per Value per | ducer, reported poor years due to exces- 

Product and specifications shortion ——_meetric ton sive price cutting by China. | 
Calcium chloride concentrate, regular grade, 77% to 80%, Canada was a major producer of 

_flake, bulk, carload, works 0 SS 8169 synthetic calcium chloride in 1989. 
100-pound bags, carload, same basis 9H 216 | General Chemical Co., which operated 
Anhydrous, 94% to 97%, flake or pellet, bulk, carload, the former Allied Signal plant at Am- 

Same basis 0 289 herstburg, Ontario, had a production 
80-pound bags, carload, same basis 023808 | Capacity of 270,000 mt with both liquid |. 
Brining grade, 80-pound bags 8S CC‘“‘*SSA' S| and colli capabilities. General Chemi- 
Calcium chloride, liquid, 100% basis, tank car, tank truck, cal was the last remaining North Amer- 

barge B25 | ican producer of synthetic calcium 
45Mosamebasis BAB | Chloride as a byproduct of the Solvay 
Calcium chloride, United States Pharmacopeia, granular, process for synthetic soda ash produc- 

_275-pound drums, truck load, freight equalized S80 742_ | tion, Byproduct calcium chloride was 
Source: Chemical Marketing Reporter. V. 237, No. 1, Jan. 1, 1990, p. 33. produced in Eastern and Western Eu- 

rope, where in many cases it was treated 
| as a waste product. The calcium chlo- 

FOREIGN TRADE WORLD REVIEW ride brine from many facilities was 
| | dumped into rivers and estuaries. This 

practice, because of increased pressure 
U.S. exports of calcium chloride in- Calcium metal was produced in | from Government agencies and envi- 

creased by nearly 20% in 1989. A sub- | China, France, the U.S.S.R., and the | ronmental groups, is expected to be 
stantial portion of the increase went to | United States. Total world production | severely curtailed. 
Canada. The United States exported | was estimated to be 2,300 to 2,700 mt, 
nearly 24,900 mt of commercial cal- | and world production capacity was es- | __ 
cium hypochlorite in small quantities to | timated to be as much as 5,500 mt. This | QUTLOOK 
78 countriés for an export value of | excess capacity was due to the fact that | ———______—_ 
more than $32,400,000. Nearly 1,490 | some calcium metal plants were origi- 
mt of calcium carbide was exported to | nally designed to produce magnesium The major end uses of calcium metal 
20 countries for an export value of | metal in substantially greater quantities | were in the lead industry, primarily in 
more than $730,000. Exports of 134 mt | than current calcium metal production. | maintenance-free and sealed lead-acid 
of calcium cyanamide went to Canada, | Although output was unknown, | batteries; in the steel industry; and asa 
Mexico, and Barbados. China was believed to be the world’s | reducing agent for permanent magnet 

Imports of calcium metal increased | largest producer of calcium metal in | manufacture. These three areas each 
_| by slightly more than 2% from 1988. | 1989. As in the past, China’s pricing | account for roughly one-third of do- 

This was the fourth straight year that | practices have had an unsettling effect | mestic calcium metal consumption. 
_| The majority of the maintenance-free 

TABLE 2 and sealed lead-acid batteries went into 
the U.S. starter battery market. Based 

U.S. EXPORTS OF CALCIUM CHLORIDE, BY COUNTRY on projections made for the battery 

industry, it is estimated that calcium 
Countr 1988 1989 metal consumption in this market seg- 

y Metric tons Value! Metric tons Value! ment will grow by only 2% to 3% 
Canada —(t;*”*é‘“‘i;é‘s;é~*~™~;*é«*d‘zS«CBSC*«~‘«‘;*‘«S ;«GATG~*«“‘«‘“S«OSS*«*«*«S «658 annually over the next 5 years.” Indus- 
Mexico. 987 279,933 465 162,180 | try estimates for consumption by the 
Netherlands 468 130,960 106 615,823 steel industry call for annual growth of 
Sweden 404 972.229 326 337.793 5 % to 10% annually. The steel industry 
— , , is finding that despite the high raw 
Switzerland 1,400 283,105 482 82,778 | material cost, using calcium metal less- 
United Arab Emirates 422 78,327 Sil 100,997 | ens the final costs by producing a better 
Venezuela 69 91,131 19 9,656 | product with fewer rejects. Conserva- 
Other 2,196 2,350,233 3,946 1,764,265 | tive estimates for consumption in the 
Total 16,974 5,532,396 20,316 5,695,150 | permanent magnet market call for an 

"U.S. Customs declared value. annual growth of 5% to 10%, while 
Source: Bureau of the Census. | optimistic estimates forecast growth of 
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- ; | TABLE 3 a | a | a 

| U.S. IMPORTS FOR CONSUMPTION OF CALCIUM AND CALCIUM CHLORIDE 

Year | ee | Calcium Crude calcium chloride Other calcium chloride | 

_ Kilograms Value ! Metric tons Value! Metric tons Value ! 

1985 __ 223,278 —_ $1,395,198 68,385 $9,059,352 2,136 $1,907,976 

1986 256,810 | 1,310,084 130,025 14,403,393 | 1,903 _ 1,263,552 

1987 _. 352,089 1,918,099 208,620 20,916,867 oO 1163 706,370 

1988 664,419 3,243,663 201,328 21,215,695 3,202 ~ 1,796,714 

| 1989" 679,603. 3,210,216 119,296 20,855,518 279 586,939 

'U.S. Customs, insurance, freight. | | } 

Source: Bureau of the Census. - — 

| , TABLE 4 . 

U.S. IMPORTS FOR CONSUMPTION OF CALCIUM CHLORIDE, 7 | 
| oo ~ -BY COUNTRY 25% to 30% annually. — | 

| | 7 The outlook for calcium chloride 

3 consumption over the next’ 5 years is 

a Country 8B NF tied to its major use in deicing and dust 

Metric tons Value’ Metric tons Value! __ control. Due to changing environmen- 

Crude: oe Oo tal and economic policies, annual con- 

Canada , 160,716 $13,158,601 89,682 $14,288,798 | sumption for deicing is projected to be 

Germany, Federal Republic of 11,849 2,023,953 6,854 1,672,643 | static or decreasing. Problems with rust 

Mexico Oo 15,509 3,130,215 17,784 3,878,249 | and corrosion and the high cost com- 

Sweden OO 2,522 365,755 4,822 723,128 | pared to rock salt have caused govern- 

Other ©. 10,732 2,537,171 154 292,700 | Ment agencies to seek alternatives. 

Tol t~<CSSC(C«é«COT 21,215,695 “119,296. ~—-—-20,855,518 Consumption for dust control IS eX- 

One: OEE OSE ——— _| pected to remain steady. 

Sa | The outlook for precipitated calcium 
Canada 626 $492,281 4 39,863 . : 2 . 

SE AEP carbonate consumption is primarily de- 

————e—v—cw | ee oe eet oe ‘02 70 pendent on the pace of conversions to 

_wedem , , alkaline sizing by the paper industry. 

Other 2,282 802,476 1 7,282 | Pfizer Inc. announced that in 1990 it 

Total *3,202 1,796,714 279 586,939 | will be signing contracts for, building, 

'U.S. Customs, insurance, freight. or starting up 10 to 11 new satellite 

?Data may not add to total shown because of independent rounding. PCC plants. GK Carbonate announced 

Source: Bureau of the Census. | : plans to build two satellite PCC plants 

| in 1990. The North American market © 

: TABLE 5 : , has the potential for 35 to 40 satellite 

U.S. IMPORTS FOR CONSUMPTION OF OTHER CALCIUM COMPOUNDS | Plants. One industry estimate sees alka- 
| line papermaking capturing 60% of the 

——  ——————— | total domestic paper market in the next 
1988 1989 4 . 

Meictons Value? Meictons Value’ 3 years.” Overall, during the next 5 

$$ | years the outlook for PCC consump- 
Calcium borate (crude) 22,799 $5,828,965 15,002 $4,202,321 tion in the paint and plastics industries 

Calcium bromide 4,286 1,558,272 7,769 . 3,230,923 is good, and exceptional in the paper 

Calcium carbide 16,475 6,843,414 NA NA industry. 

Calcium carbonate, 

precipitated 12,760 7,634,854 19,745 12,029,684 

Calcium carbonate, chalk ‘ 

whiting 5,020 1,376,203 3,298 950,042 BACKGROUND 

Calcium carbonate, (crude). 

natural chalk 319,666 1,887,045 NA NA | Technology 

Calcium cyanamide 3,207 1,592,096 NA NA 

Calcium hypochlorite 4,788 7,834,702 4,065 6,703,152 Calcium Metal.°—In 1808, Davy 

Calcium nitrate 155,178 19,463,769 NA NA | produced elemental calcium as a mer- 

Dicalcium phosphate 2,380 2,688,120 1,786 2,088,291 | cury amalgam by the electrolysis of 
ToalSt<‘i‘i‘SCSCO~*~*~*~*~*”:”””””OCOWOO”OCOCK 56,707,440 XX 39,204,413 | calcium chloride in the presence of a 

NANotavalable XXNotappicable~SCOC~C~*~“‘s*s‘“‘s~s‘<C mercury cathode. He and others were 

'U.S. Customs declared value. only marginally successful in attempts 

Source: Bureau of the Census. to isolate the pure metal by distilling 
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the mercury. In 1855, Bunsen and Mat- | C under high vacuum, and the calcium | This process precipitated the sodium 
thiessen attempted to produce calcium | oxide is reduced to calcium metal. The | chloride, which was used to produce 
metal by the electrolysis of a mixture of | calcium metal vapor is collected in the | chlorine, hydrogen, and sodium hy- 
calcium, strontium, and ammonium | water-cooled condenser section of the | droxide. The remaining brine was sent 
chlorides to lower the electrolyte melt- | retort at about 700° C. After the reac- | to another evaporator where magne- 
ing point but produced only finely di- | tion has proceeded for about 24 hours, | sium chloride was precipitated out. The 
vided calcium alloys. Over the next 50 | the vacuum is broken with argon, and | remaining brine from the second evap- 
years this process was slowly.improved. | the condensed blocks of 98%-pure cal- | orator went to a third evaporator, which 
By 1904, Rathenau had obtained cal- | cium metal, called “crowns,” and the | produced precipitated hydrates of cal- 
cium by the electrolysis of molten cal- | calcium aluminate reaction product are | cium chloride and a 38% calcium chlo- 
cium chloride held at a temperature | removed. ride product. 
above the melting point of the salt but For certain applications, greater than Today, the process has been expanded 
below the melting point of calcium | 98% purity is required. This is achieved | and improved to extract, in sequence, 
metal. An iron cathode just touched | by redistillation. Crude calcium is | iodine, bromine, magnesium chloride, | 
the surface of the bath and was raised | placed in the bottom of a large vertical | and calcium chloride. The calcium chlo- 
slowly as the relatively chloride-free | retort equipped with a water-cooled | ride is derived from the brine left over 
calcium deposited on its end. This pro- | condenser at the top. The retort is | after processing the magnesium chloride 
cess accounted for virtually all calcium | sealed and evacuated to a pressure of | into magnesium hydroxide. This brine is 
metal production from 1904 to 1940. less than 6.6 pascal (0.05 mm Hg) while | about 25% calcium chloride, and it is 

Prior to 1939, calcium was manufac- | the bottom is heated to 900° to 925° C. | processed through double- or triple- 
tured exclusively in France and Ger- | The calcium quickly distills to the con- | effect vacuum evaporators to make a 
many. However, with the outbreak of | densing section leaving behind the bulk | 32% to 45% solution. Unwanted alkali 
World War II, an electrolytic calcium | of the less volatile impurities. Subse- | chlorides are precipitated here and can be 
plant was constructed at Sault Ste. | quent processing must take place under | removed by settlers and centrifuges. The 
Marie, MI, by the Electro Metallurgical | exclusion of moisture to avoid oxida- | brine undergoes further evaporation to 
Corp. Large quantities of calcium were | tion. Redistillation does not greatly re- | attain an anhydrous product of 78% to 
required as the reducing agent for ura- | duce the impurity level of volatile ma- | 94% calcium chloride concentration. 
nium production. In addition, the U.S. | terials such as magnesium. 
Army Signal Corps used calcium to ; . . _ 
produce calcium hydride, which could Calcium Chloride.°—Domestic cal- Gillen Paine, Paper and Elastomers. Soe. Min. Eng 
easily be transported to remote areas | cium chloride is produced from natural | AIME preprint 89-22, 1989, 14 pp. 
and used as a source of hydrogen for | brines and by reacting hydrochloric *Metal Bulletin (London). No. 7446, Jan. 4, 1990, p. 
meteorological balloons. To satisfy | acid with limestone. Most U.S. produc- | 2%. . 
these needs, an aluminothermic reduc- | tion is natural and comes from brine | _ “McLaughlin, P. Battery Market Update & Five Year 

. . : . ae . Forecast. The Battery Man, v. 32, No. 1, Jan. 1990, pp. 
tion process was developed. Tried ear- | wells in Michigan and dry lakebeds in | ,, 55 
lier on a laboratory scale in 1922, the | California. 4Z7ahodiakin, P. Fillers Benefiting From Alkaline 
process was improved and commercial- Initial efforts to stimulate the devel- | Trend. Chemical Marketing Reporter, v. 236, No. 13, pp. 
ized by the New England Lime Co. in | opment of Michigan salt and brine | SR25-27. 

Canaan, CT, which later became a di- | deposits took place in 1859. The State | _ °Kunesh, C. Calcium and Calcium Alloys. Sec. in 
vision of Pfizer Inc. Legislature passed a bill authorizing a an Wiley & Sone. 3d od O78. so. ore * 

The aluminothermic process, or Pid- | payment for Michigan salt. By 1870, ‘Pavlick, J. Chemicals From Michigan Brines. Soc. 
geon process as it is sometimes called, | saw-mill operators were augmenting | Min. Eng. AIME preprint 84-385, 1984, 10 pp. 
begins with quarried high-calcium | their income by using waste lumber as 
limestone calcined to form calcium ox- | fuel to evaporate brines. In 1882, solu- 
ide. The calcium oxide is ground to a | tion mining of rock salt began, and OTHER SOURCES OF INFORMATION 
small-particle size and dry-blended | Michigan soon became the leading salt- 
with the desired amount of finely di- | producing State. Mannsville Chemical Products Corp. 
vided aluminum. The mixture is com-. By 1914, an integrated process was Calcium Chloride. Chemical Products 
pacted into briquets to ensure good | developed to extract the various brine Synopsis (Asbury Park, NJ). Mar. 
contact of reactants. The briquets are | components. Bromine was extracted 1989, 2 pp. 
placed in horizontal metal tubes, called | first in an electrolytic cell, and the Roskill Information Services Ltd. The 
retorts, made of heat-resistant steel and | debrominated brine was then processed Economics of Calcium Metal. 3d ed. 
heated in a furnace to 1,100° to 1,200° | through a heated vacuum evaporator. (London). 1987, 70 pp. 
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: By Wilton Johnson ~ : : 

Mr. Johnson, a minerals industry specialist with 28 years of industry and Bureau of Mines experience, has been the 
commodity specialist for cement since 1983. Domestic survey data were prepared by Howard L. Sullivan, mineral data 
assistant; and international survey data were prepared by Audrey D. Wilkes, international data assistant. 

-S. demand for cement de- | for new plant construction or capacity | State. The States of California, Illinois, 
clined slightly for the second | modernization and expansion. Foreign | New York, Pennsylvania, and Texas are 
year following five consecu- | import penetration into coastal mar- | divided to provide more definitive mar- 
tive years of growth. Housing | kets and regional competition among keting information within those States 

starts declined 8%, and the value of new | domestic producers have combined to | as follows: 
construction put in place also declined | reduce the profitability of the U.S. in- 
slightly. Cement shipments increased to | dustry. The lack of domestic invest- California, Northern.—Points north 
four of the nine Census regions. Califor- | ment capital has opened the door for | and west of the northern borders of 
nia continued to lead all States in the | foreign investors who now own more | San Luis Obispo and Kern Counties 
amount of cement consumed. _ than two-thirds of U.S. cement produc- | and the western borders of Inyo and 

Domestic cement production in- | tion capacity. Mono Counties. 
creased slightly for the first time follow- 
ing two consecutive years of decline. | California, Southern.—All other 
Shipment of domestically produced ce- | PRODUCTION counties in California. 
ment from domestic mills increased | ——-—2-HM___ 7 
slightly, while the amount of imported | Chicago, Metropolitan.—The seven | . 
cement. shipped by producers declined One State agency and 49 companies | Illinois counties of Cook, DuPage, 
23%. Total imports declined for the sec- | operated 127 plants in 39 States. In | Kane, Kendall, Lake, McHenry, and 
ond year, making up 17% of apparent | addition, two companies operated two | Will. 
consumption: compared with 19% expe- | plarits in Puerto Rico, manufacturing | - 
rienced in the record year of 1987. hydraulic cement. The production data Illinois.—All_ other counties in 

Cement prices increased for the first | obtained are arranged by State or | Illinois. © : | , 
time in 6 years, reaching their highest | groups of States that form cement dis- 
level since 1985. tricts. A cement district may represent New York, Western.—All counties 

| a group of States or a portion of a! west of a dividing line following the 

COVERAGE TABLET 
$$ SALIENT CEMENT STATISTICS | 

Domestic production and consump- (Thousand short tons unless otherwise specified) 

tion data for cement are developed by | —— eee 
means of the portland and masonry | ___—ssss——SsesesssssSSSSSSSBS 98H 198719881989 
cement voluntary survey. Of the 127 | United States: | 
cement manufacturing plants to which Production” 77,895 78,786 78,198 76,867 77,189 
an annual survey collection request was Shipments from mills? ? 83,032 87,592 "89,246 "89,460 86,238 
made, 125 responded, representing 98.4% Value? 3 4 thousands $4,286,399 $4,407,722 $4,393,684 $4,370,463 $4,242,931 | - 
of the cement production and consump- Average value per ton? ? 4 $51.61 $50.32 49.23 "48.85 $49.20 
tion data shown in table 1. Estimates _ Stocks at mills,?Dec. 31 ~—~—«°7;,232,~*«‘«wSWTS~*~“‘é‘C@SC‘SSC*«‘“‘;&SOO’~W~-«6~,300 
were made for nonrespondents uUSINg | Exports #2 8 S59. §2 JO) 512 
monthly survey cata and data received "Imports for consumption —«*14,120.-~'16,091.~S*«~C*«~*‘7*SSBHS~S~S2‘TSOOB”~”~*«*‘S;«S4B’ 

rom Previous annual Surveys. Consumption, apparent®® «87,456. ~—=S«*Si; SOL S«éS3,88G~=~S*«*SNS«SHSC*«*OTON 
World: Production “1,057,794 1,106,182 1,153,425 °1,215,498 ©1,235,613 
© Esti P Prelimi ' Revised. 

ISSUES | Excludes Puerne Rien the Virgin Istands. 

2 Berta and masonry cement only. 

_ Includes imported cement shipped by domestic producers. 

The primary issue facing the cement S Quantity shipped ples pore wiieccecncmanes 
industr y isa lack of capital investment 6 Adjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers. 
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eastern boundaries of Broome, Chen- | Lone Star Industries Inc., Lehigh Port- Fuel Consumption 

ango, Lewis, Madison, Oneida, and St. | land Cement Co., Ideal Basic Indus- The industry’s energy efficiency for 

Lawrence Counties. tries Inc., Dundee Cement Co., Blue | production of clinker and finished ce- 

Circle Inc., Ash Grove Cement Co., | ment continued to improve. Average 

New York, Eastern.—All counties | Gifford-Hill and Co., and CalMat Co. | energy consumption per ton of clinker 

east of the above dividing line, except produced was 3.8 million British ther- 

Metropolitan New York. mal units (Btu), slightly lower than that 

| | Portland Cement required in 1988. The consumption of 

New York Metropolitan.—The five | Portland cement production in- electrical energy remained at the equiv- 

counties of New York City (Bronx, | creased slightly to 73.9 million tons. | alent of 1.1 million Btu per ton. Aver- 

Kings, New York, Queens, and Rich- | This was the first production increase | age fuel consumption for kiln for firing 

mond) plus Nassau, Rockland, Suf- | following two consecutive years of de- | plus electricity for grinding was 4.9 

folk, and Westchester Counties. cline. The increase was attributed to | million Btu per ton. Fuel used in wet- 

| . less reliance on imports of finished | process plants was 4.5 million Btu per 

Pennsylvania, Eastern.—All coun- | cement to satisfy demand primarily in | ton, 36% higher than the dry process 

ties east of the eastern boundaries of | Eastern markets. The closing of plants | of 3.3 million Btu per ton. Approxi- 

Centre, Clinton, Potter, Franklin, | in Alabama, Texas, Utah, and Wash- mately 67% of clinker was produced by 

Huntingdon, and Potter Counties. ington reduced operating capacity | the dry process method. The industry 

| — slightly to 98.1 million tons. The capac- | reported 67 suspension and 10 grate 

Pennsylvania, Western.—All other | ity utilization rate increased to 75.3%. | preheaters in use during the year. Kilns 

| counties in Pennsylvania. | - The industry operated 122 plants, | without preheaters averaged 4.5 million 

including 8 grinding facilities to pro- | Btu per ton, those with suspension 

Texas, Northern.—All counties north | duce various types of finished hydrau- | preheaters averaged 3.3 million Btu per 

of a dividing line following the northern | lic cement, compared with 126 plants in | ton, and those with grate-type preheat- 

borders of Burnet, Crockett, Jasper, Jeff | 1988. California continued to lead all | ers averaged 4.9 million Btu per ton. 

Davis, Llano, Madison, Mason, Me- | States with 15% of production, fol- Coal accounted for 93% of kiln fuel 

nard, Milam, Newton, Pecos, Polk, Rob- | lowed by Texas with 10%, Michigan consumption, natural gas accounted 

ertson, San Jacinto, Schleicher, Tyler, | with 7%, and Pennsylvania East and for 4%, and oil and waste fuel ac- 

Walker, and Williamson Counties. Missouri with 6% each. Together these | counted for the remainder. 

| : - five States accounted for 44% of total 

Texas, Southern.—All counties south | U.S. cement production. — 

of the above dividing line. The size of individual companies, as | Corporate Changes : 

| ‘a percentage of total U.S. finished ce- Dundee Cement Co., a subsidiary of 

Clinker Production | ment production capacity, ranged from | Holderbank Financiere Glaris SA, pur- 

Clinker production in the United | 0.01% to 7.0%. The top 10 producing chased the Mason City, IA, cement 

States, excluding Puerto Rico, was es- | companies, in declining order of pro- | plant of Northwestern States Portland 

sentially the same at 69.3 million tons. | duction, were Lafarge Corp., South- Cement Co. Ideal Basic Industries, also 

California continued to lead all States | down Inc., Lone Star Industries Inc., | a subsidiary of Holderbank, acquired 

in clinker production, accounting for | Lehigh Portland Cement Co., Ideal Ba- Allied Cement Co.’s Birmingham, AL, 

approximately 14% of the total. More | sic Industries Inc., Dundee Cement plant and began using it as a distribu- 

than two-thirds of the clinker came | Co., Ash Grove Cement Co., Gifford- | tion terminal. National Portland Ce- 

from eight plants in the southern part | Hill and Co., Blue Circle Inc., and | ment Co. of Florida sold its remaining 

of the State. Texas followed with about | CalMat Co. | 59% interests to a group of Spanish 

10% of total production. Pennsylvania producers: Cementos Molins, S.A.; 

ranked third, with most of the clinker Uniland Cementera, S.A.; and Asland 

produced at plants in the eastern part | Masonry Cement S.A. The group initially purchased 

of the State, followed by Michigan and Production of masonry cement de- | 41% interest in National in 1988. La- 

Missouri. Together these five States | clined 8% to 3.3 million tons. At year- | farge Corp. acquired controlling inter- 

accounted for 46% of total U.S. clinker | end, 81 plants were manufacturing ma- | est in the Swiss firm Cementia Hold- 

production. sonry cement in the United States. Two | ings S.A. Cementia owns two U.S. 

By yearend, multiplant operations | plants producing masonry exclusively | cement plants—Davenport Cement Co. 

were being run by 25 companies. The | were Chaney Lime & Cement Co., Al- | in Buffalo, IA, and Missouri Portland 

size of individual companies, as a per- | good, AL, and Riverton Corp., River- | Cement Co. in Sugar Creek, MO. River- 

centage of total U.S. clinker production | ton, VA. side Cement Co., a subsidiary of Gifford- 

capacity, ranged from 0.3% to 6%. The Hill and Co., formed a joint venture with 

5 largest producers provided 29% of | Aluminous Cement the Republic of Korea’s Ssangong Ce- 

total clinker production; the 10 largest Aluminous cement continued to be | ment Industrial Co. to operate a bulk 

producers provided a combined 50%. | produced by Lehigh, Buffington, IN; | storage facility at the port of Stockton in 

The 10 largest companies, in decreasing | Lone Star Lafarge, Chesapeake, VA; | Northern California. Ash Grove Cement 

order of size of clinker production, | and Aluminum Co. of America, Baux- | Co. purchased the Leamington, UT, ce- 

were Lafarge Corp., Southdown Inc., | ite, AR. ment plant from Martin Marietta. 
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TABLE 2 

PORTLAND CEMENT PRODUCTION, CAPACITY, AND STOCKS 
IN THE UNITED STATES, BY DISTRICT! 

| | 1988 | 1989 
a Capacity? Stocks* Capacity? Stocks * 

~ Plants Produc- —_-e.—'''"- at mills, Plants Produc- —-————— at mills, 

District | active tion? Finish — Dec. 31 active tion? Finish Dec. 31 
. (thousand grinding, (thou- ; (thousand grinding P (thou- 

during h d ercent during h d ercent 
ear short (thousan utilized sand ear short (thousan utilized sand 

y tons) short short yes tons) short short 
tons) tons) , tons) tons) 

New York and Maine 5 3,459 4,265 81.1 310 5 2,980 4,265 69.8 308 

Pennsylvania, eastern 8 4,840 5,821 83.1 308 8 4,492 5,771 717.8 435 

Pennsylvania, western 4 1,523 2,417 63.0 169 4 1,513 2,417 62.5 176 

Maryland 3 1,824 2,030 89.8 143 3 1,884 2,030 92.8 185 

Ohio | 4 1,495 2,200 67.9 147 4 1,449 2,200 65.8 153 

Michigan 5 - 5,127 6,090 84.1 348 5 5,266 6,090 86.4 335 

Indiana 4 2,629 3,140 83.7 188 4 2,469 3,140 78.6 224 

Illinois : 4 2,033 2,580 78.7 196 4 2,700 2,750 98.2 283 

Georgia and Tennessee 4 2,273 2,595 87.5 180 4 1,987 2,595 76.5 192 

South Carolina. 3 2,482 3,440 72.1 117 3 2,270 3,306 68.6 140 

Kentucky, Virginia, West 

Virginia 3 2,351 3,052 77.0 143 3 2,277 3,132 72.7 | — 227 

Florida 6 3,349 4,761 70.3 229 6 3,804 4,660 81.6 290 

Nebraska and Wisconsin 1 WwW W WwW Ww 1 WwW WwW Ww W 

Alabama 6 3,806 5,326 71.4 235 5 3,411 5,276 65.9 302 

Arkansas, Louisiana, 

Mississippi a) 1,385 2,040 67.8 133 3 1,191 2,200 54.1 75 

Utah 3 778 1,365 56.9 63 2 W W W W 

South Dakota | 1 $77 1,800 32.0 58 1 W W W WwW 

Iowa 4 2,006 2,725 73.6 219 4 2,230 2,725 81.8 323 

Missouri 5 4,460 4,780 93.3 332 5 4,418 4,780 92.4 287 

| Kansas 5 1,607 2,460 65.3 206 5 1,544 2,425 63.6 208 

Oklahoma. 3 1,579 2,048 77.0 218 3 1,526 2,048 74,5 217 

Texas, northern 8 3,202 6,055 52.8 291 7 3,217 5,825 $5.2 286. 

Texas, southern 6 3,561 5,090 69.9 178 6 4,204 5,712 73.6 186 

Idaho and Montana 3 836 960 87.0 92 3 768 1,090 70.4 68 

Colorado and Wyoming 4 1,282 2,720 47.1 200 4 1,282 2,720 47.1 103 

Alaska and Oregon 2 WwW W W W 2 W W W W 

Arizona, Nevada, New 

Mexico 4 2,114 2,910 72.6 132 4 1,949 3,060 63.7 97 

California, northern 3 2,873 3,150 91.2 156 3 3,150 3,175 99.2 99 

California, southern 8 7,483 8,833 84.7 318 8 7,796 8,357 93.2 332 

Hawaii ] 357 650 54.9 34 1 474 600 79.0 46 

Washington 3 753 1,270 59.2 150 2 W W W W 

Total or average 126 73,272 98,673 74.3 5,559 122 73,895 98,104 75.3 5,847 

Puerto Rico 2 1,385 2,116 65.4 19 2 1,370 2,116 64.7 34 

W Withheld to avoid disclosing company proprietary data; included in “Total.” 

‘Includes Puerto Rico. Includes data for three white cement facilities as follows: California (1), Pennsylvania (1), and Texas(1). Includes data for grinding plants (9 in 1988 and 8 in 1989) as follows: Alaska 

(1), Florida (2), lowa (1), Michigan (1), Pennsylvania (1), Texas (1) in 1988 and (2) in 1989, Utah (1) in 1988, and Washington (1) in 1988. 

2 Includes cement produced from imported clinker (1988—2,339,720 ton, 1989—1,932,281 tons). 

3 Grinding capacity based on fineness necessary to grind Types I and II cement, making allowance for downtime required for maintenance. 

4 Includes imported cement. Source of imports withheld to avoid disclosing company proprietary data. 
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. TABLE 3 

CLINKER CAPACITY AND PRODUCTION IN THE UNITED STATES, ' | 
. BY DISTRICT, AS OF DECEMBER 31, 1989 | 

| Aoti . Average 
Active plants Daily number Apparent Produc- 

nn Number capacity of days annua 2 tion? Percent 
District Process used Total of (thousand for capacity (thousand utilized 

_ kilns short tons) mainte- (thousand short tons) 
Wet Dry Both nance short tons) 

New York and Maine 4 1 — 5 6 12 83 3,393 2,780 81.9 

Pennsylvania, eastern 2 5 — 7 16 16 56 4,955 4,443 89.6 | 
Pennsylvania, western 3 ] — 4 8 7 69 2,076 1,528 73.6 

Maryland l 2 — 3 7 6 35 1,980 1,834 | 92.6 

Ohio 2 2 — 4 7 7 64 2,112 1,425 - 67.4 

| Michigan 2 2 —_—. 4 9 | 16 57 4,936 4,610 93.3 

Indiana 2 2 — 4 | 8 9 51 2,829 2,525 89.2 

Illinois — 4 _— 4 8 8 52 2,509 2,501 99.7 

Georgia and Tennessee 1 3 — 4 7 7 30 2,346 1,937 82.5 

South Carolina 2 1 — 3 7 8 63 2,417...; 2,286 94.5 | 

Kentucky, Virginia, West ~ | | | | 

Virginia l 2 — 3 9 8 68 2,390 2,244 93.9 

Florida 2 2 — 4 8 10 16 3,496 2,981 85.2 

Nebraska and Wisconsin — 1 — 1 — 2 ow 54 WwW WwW W 

Alabama — 5 — 5 6 13 57 4,016 3,456 86.0 

Arkansas, Louisiana, | 
Mississippi 3 — — 3 «6 . 6 54 1,867 | 1,196 64.0 

Utah 1 1 — 2 3 W 59 W WwW W 

South Dakota — — i ] 4 Ww 56 W WwW W | 

Iowa —_— 3 — 3 5 7 50 2,207 2,051 92.9 ~ |? 

Missouri 2 3 — 5 7 14 55 4,342 4,306 99.2 

Kansas 3 2 — 5 1S 7 45 2,246 1,580 70.3 

Oklahoma 1 2 — 3 / 7 6 72 1,758 1,552 88.2 

Texas, northern 3 3 — 6 14 13 17 4,536 3,223 71.0 

Texas, southern — 4 1 5 6 14 47 4,458 3,760 84.3 

Idaho and Montana 3 — — 3 4 2 5 835 749 89.7 

Colorado and Wyoming 1 3 — 4 6 7 41 2,269 1,152 50.7 

Alaska and Oregon — 1 — l ] W. 120 W W W 

Arizona, Nevada, New | 
Mexico. — 4 — 4 11 8 43 2,576 1,770 68.7 

California, northern — 3 — 3 3 10 59 3,067 3,009 98.1 

California, southern 1 7 — 8 22 25 33 8,318 7,016 84.3 

Hawaii — 1 — 1 1 1 107 258 240 93.0 

Washington 1 1 — 2 2 W 69 W W W 

Total or average* 41 71 2 114 225 263 53 83,151 69,291 83.3 

Puerto Rico 2 — — 2 9 8 101 2,114 1,182 55.9 

. W Withheld to avoid disclosing company proprietary data; included in “Total.” 

' Includes Puerto Rico and white-cement-producing facilities. 

2 Calculated on individual company data; 365 days, minus average days for maintenance, times the reported 24-hour capacity. 

3 Includes production reported for plants that added or shut down kilns during the year. 

4 Data may not add to totals shown because of independent rounding. 
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CONSUMPTION AND USES meres | 
I DAILY CLINKER CAPACITY IN THE UNITED STATES, ' | 

| | | DECEMBER 31, 1989 | 
Consumer demand for cement in the 

United States, excluding Puerto Rico, | —-.W——_—-.. OOOOODnn_m : 
| declined 2.8% to 90.7 million tons. | Short tons per ___ Number capacity percent | 

This was the second year of decline | 24-hour period Plants Kilns? (short tons) capacity 
| following 5 consecutive years of growth | jogg, TTT 

after the 20-year low experienced at the | “Tess than 1,150. 15 25 11,548 42 | 

| tne to US. Department of Commerce | —2!5#1© 1700 _ 8 45827 HS 
data, housing starts declined 8% to 1.4 1,701 to 2,300 8 38 44,802 163 

million units. The value of new con- | 230! t0 2,800 16 34 | 39,760 14. 
struction put in place declined 1% to | _2:301 andover 34 _90_ __132,930__ __48.5_ 
$414 billion. The value of residential Total 119 _242_ 274,367 100.0 — 
construction put in place declined 1% | 1989: | 
to $138 billion, primarily in single-unit Less than 1,150 13 2 10,782 4.0 

| structures. The value of nonresidential 1,151 to 1,700 30 53 44,156 16.3 | 
construction put in place increased 2% 1,701 to 2,300 24 Al 50,647 18.6 - 

to $97 billion. The increases were pri- | 2301 t0 2,800 16 33 | 39,960 14.7 | 
‘marily in industrial buildings, hotels | “> go; and over 33 86 | 126,139 46.4 
and motels, hospitals, and religious | 77 OOS Tis” 334, 371.684 700.0 
and educational institutions. Public | ——-W7—_—W\——— 

. : . ° Includes Puerto Rico and white-cement-producing facilities. - . 
construction experienced the biggest in- | 2+otat number in operation at plants. 

crease, 10%, caused primarily by in-— . 
creases in spending for highways and | | a 
streets, military facilities, and sewer : 
systems.) | : | 

| Among the consuming States, Cali- | | 
fornia continued to lead all areas in the | | 

} amount of portland cement consumed, | TABLES | 
| followed by, in order of shipments re- RAW MATERIALS USED IN PRODUCING PORTLAND CEMENT 

ceived, Texas, Florida, Illinois, Penn- IN THE UNITED STATES! 
sylvania, and New York. Together, | 
these States consumed 43% of total | (Thousand short tons) | 
U.S. tonnage. ee 

- Cement shipments increased to four | ____________-Raw materials BT BB 1989 
of the nine Census regions. Because of | Calcareouss 
the sustained level of construction ac- Limestone (includes aragonite, marble, chalk) 81,143 79,517 81,792 

tivity in southern California, the Pa- | | Cement rock (includes marl) | 17,959 — 23,398 21,920 | 
cific region continued to lead all other Coral 935 783 911 
regions of the country with an 8% Other _ 9 13 
increase in consumption. Only mar- Argillaceous: == = =| 
ginal increases in consumption of 2% | “Gays (‘sé 4,766 4,784 4,801 
or less were registered in the East North Shale 4.906 4.126 4.289 
Central, West South Central, and | —2-_—\—H—— 
Mountain regions. Shipments to all Other (includes staurolite, bauxite, aluminum dross, . | 

. - * ° alumina, volcanic material, other) 263 310 436 
other regions declined with New En- Siiceouss=St(“‘SCSCSSS 

land registering a 21% decrease in a | 
shipments. The Middle Atlantic suf- _Sand and calcium silicate 1,873 2,011 1,99 
fered a 7% decline in consumption, | —S2mdstone, quartzite, other 758 993 605 
while the South Atlantic declined 6% Ferrous: Iron ore, pyrites, millscale, other iron-bearing 

and the South East Central region de- material 1,079 1,036 1,026 
creased 7%. The West North Central | Oe 
region was down slightly. _Gypsumandanhydrite 4,939 4,174 4,254 

Shipments of domestically produced | _ Blast furnace slag 109 86 181 
cement from U.S. mills increased Fly ash 803 940 905 
slightly; however, the amount of im- Other, n.e.c. 386 348 356 

ported cement shipped by producers Total 2119,920 122,515 123,480 

decreased by 23%. All imported ce- | 'inctudes Puerto Rico. | 
ment shipped by producers and inde- 2 Data do not add to total shown because of independent rounding. 
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TABLE 6 TRANCPORTATION —_— TRANSPORTATION | 
MASONRY CEMENT PRODUCTION AND STOCKS TT 

IN THE UNITED STATES, BY DISTRICT | 
The pattern of cement transport did 

———_——. | not differ significantly from that of 
1988 . 1989 | . 

——_—_—_—_——__ )S§s —______——_______ | recent years. U.S. shipments of port- 
Stocks Stocks" | Jand cement to consumers were prima- 

Produc- at mills, Produc- at mills, os 
cs Plants tion Dec.31 Fr iants tion Dec, 31 | Tily in bulk, 95%; by truck, 90%; and 

District active , c active ° oe (thousand (thou- (thousand (thou- | made directly from cement manufac- 
during during . . 
year short sand year short sand turing plants (rather than from distri- 

| tons) short tons) short | bution terminals), 61%. 
tons) tons) With respect to shipments of cement 

New York and Maine 4 197 16 ‘ 139 '> | from plants to terminals, the preferred 
Pennsylvania, eastern 7 288 36 6 252 40 | modes of transportation were railroads, 
Pennsylvania, western 4 95 15 4 90 13 40%, and waterways, 42%; transporta- 
Maryland 2 WwW W 2 WwW WwW tion by truck accounted for 16%. Ce- 
Ohio 3 133 17 3 129 19 ment used at producing plants ac- 

Michigan 4 264 51 4 242 41 counted for the remaining 2%. — 

Indiana 4 412 57 4 369 67 | 

Illinois 1 WwW WwW 1 Ww Ww $$ 

Georgia and Tennessee 4 212 28 4 193 29 PRICES . 

South Carolina 2 W WwW 2 , W W 

Kentucky, Virginia, : . | | 

West Virginia 4 345 23 4 305 =—s19 The average aint et portland 
Florida 4 480 28 4 487 29 | cement increased slightly tor the lirst 
Nebraskaand time in 5 years. The increase can be 
Wisconsin \ Ww Ww \ Ww Ww attributed to higher production levels 

Alabama 4 260 33 5 505 ‘41 and a reduction of imports. Import 
oo prices remained at $48.19 per ton, 

Arkansas, Louisiana, hile d ticall d d ti 
“Mississippi , Ww Ww ) Ww Ww while somes ra ype ne cemen an 

Vuh wow ww | SNerage value of masonry cement im: 
———— 3 2 W wy proved slightly to $68.93 per ton com- 
lowa Ww w 2 Ww pared with $68.25 per ton in 1988. The 
Missouri = it 160 9 3 127 8 | average value of cement as reported by 
Kansas 5 48 18 5 45 24 Engineering News-Record (ENR) de- 
Oklahoma 2 W W 2 W W clined slightly to $62.52 per ton. The 
Texas, northern 6 82 8 5 87 12 ENR prices are based on an average per 

Texas, southern 3 51 4 3 55 9 ton value of cement delivered to 20 

Idaho and Montana 2 Ww WwW 2 Ww Ww cities. The prices ranged from a low of | _ 

Colorado and Wyoming 2 WwW WwW 2 W W $42.00 in Dallas, TX, to a high of $78 

Arizona, Nevada, New in New York. 

Mexico 3 70 7 3 56 6 

California, northern — — — — — — SO 

California, southern 1 W W 1 W W FOREIGN TRADE 

Hawaii 1 10 1 1 10 1 | 

Washingt — — — ; 
ow — o 5 to OW WL According to trade data reported by 

otal or average 87 3,595 438 81 3,294 453 the US. D epartment of Commerce, 

W Withheld to avoid disclosing company proprietary data; included in “Total.” Bureau of the Census cement im- 

‘Includes imported cement. . i . 
* Data may not add to totals shown because of independent rounding. ported for consumption into the United 

States and its possessions and territo- 
ries was 10% lower than in 1988. This 

pendent distributors declined for the | consumers, accounting for about 74% | was the second year of decline follow- 
second consecutive year with imports | of the total, followed by concrete prod- | ing 3 consecutive years of record-high 
accounting for 17% of apparent con- | uct manufacturers with 11%. Smaller | imports. The decline corresponded to 
sumption compared with 19% in 1988. | amounts were consumed by highway | the marginal decrease in total demand 

The end-use distribution pattern for | and other contractors; building mate- | resulting from reduced construction ac- 
portland cement was essentially the | rial dealers; Federal, State, and other | tivity, primarily in the eastern regions 
same as that of recent years. Ready-mix | government agencies; and a variety of | of the United States. Canada, Japan, 
concrete producers were the primary | other miscellaneous users. and Mexico were the principal import 

222 CEMENT MINERALS YEARBOOK—1989



ee 

TABLE 7 sources, accounting for more than 65% 
_CLINKER PRODUCED IN THE UNITED STATES,! BY FUEL _| Of the total. The industry continued to ) a } find it more economical to import fin- 

~~” ner produced Fuel consumed ished cement instead of clinker for 
—  ——_| grinding. Clinker accounted for 11% 

Bue Pants Quantity poet Coal? (thowsan q Natural gas | of total imports compared with 32% 
during (thousand or totay (thousand 45 salon ‘(thousand | reached in the peak year 1985. This was 
year Short tons) short tons) barrels)  Ubic feet) | the fourth consecutive year that clinker 

1988: | imports declined, reaching its lowest 
Coll ti(i‘i™SOSOCOC*ST 9,701 13.8 1,762 _ _ | level since 1983. The value of foreign 
Naturalgas 3 4114 16 _ _ 150,769 cement delivered to American ports 

~ Coalandoil = ——=«O0 21,166 30.1 3,745 383 __ | averaged $38 per ton, up 9% from that 
Coal and natural gas 49 26,150 37.1 3,543 — 8,363,116 | Of 1988, primarily because of increased SS | shipping costs. | 

_Oiland natural gas 2 0 CO ~ 159 300,726 Florida led all States in the amount 
_Goal, oil, natural gas 18 12,139 17.2 1,578 472,718,967 | of imports received, accounting for 
__Total 70,440 100.0 10,628 959 11,533,578 | 23% of the total. Sixty two percent, or 
1989: 7 | 2.2 million tons, of the Florida imports 

Coal 10, 7,747 11.0 1,390 — — | was shipped through the Tampa Cus- 
Natural gas 2 563 8 — — 102,486 | toms District. Imports made up about 
Coal and oil 25 18,103 25.7 3,067 331 — | 49% of Florida’s Portland cement con- 

Coal and natural gas 50 30,248 42.9 4,371 — 7,077,874 | Sumption, compared with 17% of con- 
~ Oil and natural gas 4 37 1.0 _ 208 295,30] | Sumption nationally. Los Angeles was 

~ Coal, oil, natural gas. 25; ~——«13,077 18.6 1,763 681 2,854,863 | the second largest recipient of imported “Total T6- 70,475 000. 10,591, 1,220 10,330,524 cement, receiving 2.2 million tons or 

? Includes 1% anthracite, 95% bituminous coal, and 4% petroleum coke in 1988, and 1% anthracite, 98% bituminous coal, and 1% Exports of hydraulic cement and petroleum coke in 1989. , clinker as reported by the Bureau of the 
| | Census increased more than 400% to 

| | 512,000 tons. Cement was shipped to 
42 countries, with Canada receiving 

| 87% of the total. 
In other trade developments, the In- 

ternational Trade Commission (ITC) 
| | was petitioned by cement producers 

a | from Arizona, Florida, New Mexico, 
TABLE 8 and Texas alleging that cement from 

CLINKER PRODUCED AND FUEL CONSUMED BY THE PORTLAND Mexico was being sold in these areas at 
CEMENT INDUSTRY IN THE UNITED STATES,! BY PROCESS less than fair value. The ITC conducted 

a preliminary antidumping investiga- 
Clinker produced s=é=<“‘*é*~*~*”:””””” CK ued corse tion and determined that there was a 

| Plants...) reasonable indication that the industry 
Process active Quantity Percent Coal (thousand —«s/‘Natural gas | was materially injured. A final determi- 

during Snowt tans) of total Sort tons) 42-gallon (ousai 0 nation was expected to be made by 
year | barrels) August 1990. 

1988: 

Wet 46 23,270 33.0 4,326 368 3,899,033 
Dry 69 44,940 63.8 5,993 586 7,501,006 | WORLD REVIEW | 
Both 4 2,230 3.2 309 5 133,449 CS 

Total 119 70,440 100.0 10,628 959 11,533,578 
1989. 7 ——= =— —=<—<— == —= World cement production was essen- 

wet #8 2132 43,892 708 2.682.083 | China “contineed to lead. all’ nations 
Dry ie 47,165 66.9 6,509 12 7,627,432 with 18% of production, followed by 
Bom NBT 90 _ 61,059 | the -ULS.S.R. with 12%. Japan with 
__Total 670,475 100.0 10,591 1,220 10,330,524 7%, and the United States with 6%. 

, Includes Puerto Rico. — a Countries with excess capacity contin- Includes 1% anthracite, 95% bituminous coal, and 4% petroleum coke in 1988, and 1% anthracite, 98% bituminous coal, and 1% . petroleum coke in 1989. ued to export cement to the United 
States. In 1989, 29 countries exported 
cement to the United States, essentially 
the same as in 1988. The amount of 
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FIGURE 1 cement imports declined by 10% be- 

SHIPMENTS OF CEMENT BY GEOGRAPHIC REGION OF cause of increased demand within ex- 
-.- DESTINATION IN 1989 | | porting countries and because of a 

reduction in demand in certain coastal 

markets of the United States. 

in | [ve There was considerable activity in 
. an eC . ena plant modernization or expansion by in- 

oR S \ a e@ 9 dustry throughout the world. The inter- 

| Vo fect oa wend national issue of Rock Products maga- 

a ye West — Central SMe ay ?: zine describes individual plant activities 

Pacis, /” ~~ Te 7. “am  . gi LX 538 Oi of the cement-producing nations.” 
: ‘ ° Wd 

Is2 Nostain eo eo East Nog con PO sy Z Capacity 
lea | ™ 14.0 Sountic 5 The data in table 23 are estimated 

} pe KY < @ and were obtained from a number of 

) | x] y qe Lue 19 different sources, including Govern- 

| Ll ws [AL oth ~ ment representatives, cement associa- 

e | wee East tral ‘ tions, producers, consultants and the 

S West South Central” ° — Cembureau World Cement Directory. 

) °, | ) 5.1 - Capacity is defined as the maximum 

. - “ quantity of cement that can be pro- 

els asa ad Hawa / duced in a period of time on a normally 
, sustainable basis taking into consider- 

ation downtime required for mainte- 

| | nance and repair. Capacity includes 

| , | operating plants and plants temporarily 

| closed that can be brought into produc- 

: tion within a short period of time with 

minimum capital expenditure. | 

| During 1989, clinker-producing plants 

TABLE 9 

. ELECTRIC ENERGY USED AT PORTLAND CEMENT PLANTS 

IN THE UNITED STATES,’ BY PROCESS 

a 
Electric energy used Average 

Generated at Finished nergy 

portland cement Purchased | Total — cement used 

plants produced 
Process — Se — (thousand per ton 

| 7 Quantity Quantity Quantity short - of cement 

Active (million Active (million (million Percent tons) produced 

plants kilowatt- plants kilowatt- kilowatt- (kilowatt- 

hours) : hours) hours) hours) 

1988: 

Wet — — 44 2,993 2,993 30.1 24,345 122.9 

Dry? 7 733 72 5,873 6,606 66.4 47,989 137.7 

Both ——_ — 4 345 345 3.5 2,323 148.5 

Total or average 7 733 “120 9,211 9,944 100.0 74,657 133.2 

Percent of total | 

electric energy used ——_ 7.4 = 92.6 — _— — — 

1989: oO oO — — OO oO oO — 

Wet — — 44 2,823 2,823 28.2 23,018 122.6 

Dry? 5 807 75 6,190 6,997 70.0 50,983 137.2 

Both _—_ — 2) 176 176 1.8 1,264 139.2 

Total or average 5 807 121 9,189 9,996 100.0 75,265 132.8 

Percent of total 

electric energy used — 8.1 — 91.9 — — — — 

'Includes Puerto Rico. Includes grinding plants and white cement facilities. 

_ 2 Includes data for grinding plants. 
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in an estimated 132 countries had acom- | from Indonesia, Japan, and The Re- | utive years of decline. Greece was the 
bined annual capacity of about 1.4 bil- | public of Korea continued to penetrate | fifth largest supplier of cement to the 

| lion tons. Of the top 10 producing coun- | the Australian market, prompting the | United States, although the volume of 
tries, China led in clinker production | filing of antidumping petitions to cur- | imports. declined 38% from that of 
capacity, followed by the U.S.S.R., Ja- | tailimports. — : 1988. The decline was attributed to | 
pan, the United States, India, Brazil, the increased consumption at home, to 
Federal Republic of Germany, Italy, | Canada other European Community countries 
Spain, and the Republic of Korea. To- Canadian cement production de- | traditionally served by Greek produc- 
gether these countries control 60% of the | clined 2% to 13 million tons. Canada | ers, and to a drop in cement demand in 
world’s clinker production capacity. remained the second largest supplier of | the U.S. eastern seaboard markets. 

In the United States, 44% of the | cement to the United States, supplying | 
| clinker production capacity was con- | markets primarily through ports in 15 | India | 

centrated in five States: California, | custom districts from Anchorage, AK, The Indian cement industry continued 
Michigan, Missouri, Pennsylvania, and | to St. Albans, VT. to aggressively expand its production ca- 
Texas. At yearend, 225 kilns at 114 pacity through new plant construction, 
plants were being operated, excluding | China modernization, and expansion activities. 
Puerto Rico. The average downtime China continued to be the world’s | Cement production in India reached an 
experienced by the industry for mainte- | largest producer of cement. Its produc- | alltime high of 46 million tons. This was | 
nance was 53 days, slightly less than in | tion continued to increase at a dramatic | the seventh consecutive year of produc- oO 
1988. The average annual kiln capacity | rate, reaching an estimated 228 million | tion growth. India is not a major ex- | 
increased 2% to 369,560 tons. The | tons in 1989. Chinese cement is ex- | porter of cement; however, that situation 
average annual plant capacity increased | pected to become a bigger player on the | could change when capacity expansion 
7% to 729,395 tons as the trend contin- | international market when several of its | projects currently in various stages of 
ued toward development of fewer but | plant construction and modernization | development are complete. 
larger capacity plants. _ | projects are complete. 

: | Japan 
Australia | Greece Japan continued to maintain its po- 

Cement demand in Australia contin- Cement production in Greece as re- | sition as the third highest cement pro- 
ued to flourish with production reach- | ported to the Bureau of Mines in- | ducer in the world, producing nearly 90 
ing 7.2 million tons in 1989. Imports | creased slightly following three consec- | million tons, or 5% more than in 1988. 

TABLE 10 | 

SHIPMENTS OF PORTLAND CEMENT FROM MILLS IN THE UNITED STATES, ' 
IN BULK AND IN CONTAINERS, BY TYPE OF CARRIER 

: (Thousand short tons) 

. . Shipments to ultimate consumer | 
Shipments from rrr 
plant to terminal | From terminal . From plant Total 

Type of carrier to consumer to consumer ship- 

In In In In In In ments2 

bulk containers bulk containers bulk containers 

1988: 

Railroad 9,496 . 91 . 1,479 (°) 3,562 26 5,066 

Truck 2,333 335 28,620 731 45,306 3,491 78,148 

Barge and boat 9,289 10 2,199 — 334 — 2,533 

Unspecified 4 514 — 419 2 568 18 1,006 
Total? 21,632 436 32,717 732 49,769 3,535 > 86,753 

1989. — — — — — — 
Railroad 8,915 47 1,525 — 3,041 12 4,579 

Truck 3,408 212 27,210 495 44,488 3,260 75,453 

Barge and boat 9,392 13 2,879 — 214 — 3,092 

Unspecified * 517 — 495 9 581 18 1,103 
Total? 22,232 273 32,109 504 48 324 3,291 © 84,229 

"Includes Puerto Rico. 
2 Data may not add to totals shown because of independent rounding. 

3 Less than 1/2 unit. 

“includes cement used at plant. 

> Bulk shipments were 95.1% and container (bag) shipments were 4.9%. 
® Bulk shipments were 95.5% and container (bag) shipments were 4.5%. . 
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TABLE 11 _ , | . 

PORTLAND CEMENT SHIPPED BY PRODUCERS IN THE UNITED STATES, BY DISTRICT’ 

| 

. } | | 1988 OC 1989 | — 

District — Ghousand Value Average Chousang | Value _ Average 

New York and Maine 3,293 | ~ $168,033 $51.02 2,999 | $153,319 $51.13 

Pennsylvania, eastern — | 4,800 258,807 53.91 4,259 | 230,506 54.12 

Pennsylvania, western 1,509 = —-70,827 46.93» 1,498 71,474 = =———s«47.70 

Maryland 1,808 g9,083 49.27 1,871 | 94,002 = $0.25 

Ohio | 1,424 70,816 49.73 1,446 --73,2302=~*«*“‘«‘“C*«CS 4 

Michigan oe : 5,253 231,141 44.00 5,449 253,324. 46.49 

Indiana 7 . 2,315 107,179 46.29 (2,364 108,297 45.81 

Illinois 2,307 101,760 44.10 2,776 117,224 | _ 42.23 

Georgia and Tennessee 2,307 Oe 114,455 49.61 2,072 100,818 48.66 

South Carolina | 2,533 , 118,670 - 46.84 2,188 - ~ 99,083 ~~. 45.28 

Kentucky, Virginia, West Virginia 2,463 ~~ 117,482 47.69 | 2,288. © ~ ~—«*:114,077 49.86 

Florida | 3,682 168,719 45.82 4,357 207,857 47.71 

Nebraska and Wisconsin __ WwW Ww - WwW WwW ; - WwW Ww 

Alabama - a 3,524 157,214 44.61 3,169 130,590 41.21 

Arkansas, Louisiana, Mississippi 1,698 68,590 40.39 | 1,234 48,414 ~ 39.24 

Utah 771 39,664 51.44 Ww w Ww 

South Dakota oo W W W W W W 

| Towa. . Co 2,029 98,930 48.75 2,072 102,387 49.42 

Missouri | oe os 4,679. 184,755 — —- 39.48 4,922 182,005 36.98 

Kansas mo | 1,569 72,805 46.40 1,505 69,390 - 46.12 

Oklahoma 1,432 42,131 29.420 1,236 39,360 31.85 

Texas, northern 3,270 162,816 49.79 3,293 155,937 47.36 

Texas, southern 3,730 129,440 34.70 | 3,907 | 130,300 33.35 

Idaho and Montana 719 39,638 55.12 657 38,366 58.36 

Colorado and Wyoming a 1,258 | 60,327 47.95 1,392 56,066 40.26 

Alaska and Oregon WwW W W W W WwW 

Arizona, Nevada, New Mexico 2,325 136,045 58.51 | 2,234 130,749 58.53 

California, northern | 3,076 | 177,733 57.78 3,127 184,543 59.02 | 

California, southern 7,347 423,419 57.63 7,784 457,476 : 58.77 

Hawaii 354 28,880 81.58 493 40,495 82.17 

Washington 979 48,233 — 49.26 W WwW WwW 

Total? > or average | 74,074 3,575,906 48.27 74,202 3,592,252 48.41 

Foreign imports* "11,712 542,942 "46.36 8,653 416,988 48.19 

Puerto Rico 1,397 113,966 81.57 1,374 112,318 81.77 

Grand total?° or average ~F87 183 _ ~ 4,232,814 48.55. ~ 84,229 — “4,121,558. ~ 48.93 _ 

W Withheld to avoid disclosing company proprietary data; included in “Total.” 

! includes Puerto Rico. Includes data for three white cement facilities as follows: California (1), Pennsylvania (1), and Texas (1). Includes data for grinding plants (9 in 1988 and 8 in 1989) as follows: Alaska 

(1), Florida (2), Iowa (1), Michigan (1), Pennsylvania (1), Texas (1) in 1988 and (2) in 1989, Utah (1) in 1988, and Washington (1) in 1988. 

2 Includes cement produced from imported clinker. 

3 Data may not add to totals shown because of independent rounding. 

4 Cement imported and distributed by domestic producers only. 

5 Does not include cement consumed at plant. 
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TABLE 12 

MASONRY CEMENT SHIPPED BY PRODUCERS IN THE UNITED STATES,' BY DISTRICT 

TT ggg ggg 
| District a | howard | Value Average Chowan Value — Average 

short tons) (thousands) per ton short tons) (thousands) per ton 

New York and Maine 171 $9,966 $58.28 155 $8,925 $57.74 
Pennsylvania, eastern 296 21,065 71.16 254 18,577 73.22 

Pennsylvania, western : 95 7,648 80.50 95 7,895 82.78 

Maryland W W W W W W 

Ohio 129 11,140 86.35 128 11,233 88.07 

Michigan 265 22,915 86.47 255 22,286 87.50 
Indiana 405 27,442 67.75 357 24,054 . 67.36 

Illinois | WwW Ww | WwW WwW WwW OW 
Georgia and Tennessee 213 14,620 68.63 193 13,307 -— 68.98 

South Carolina - WwW W WwW W W | Ww 
Kentucky, Virginia, West Virginia 338 22,093 65.36 289 19,463 67.25 

| Florida 411 - 25,892 - 62.99 477 31,231 65.54 

Nebraska and Wisconsin W W W W W W 

Alabama 273 16,457 60.28 — 252 13,852 54.99 

Arkansas, Louisiana, Mississippi WwW WwW WwW WwW WwW WwW | 
Utah W W | WwW OW W W 

South Dakota : W WwW W W WwW WwW 

Iowa W WwW WwW W W WwW 

Missouri 153 6,310 41.24 123 6,193 50.39 

Kansas 50 2,988 59.76 42 2,514 59.44 

Oklahoma W W , W WwW Ww W 

Texas, northern 81 7,216 89.08 719 7,010 88.95 

Texas, southern 55 3,584 65.16 54 3,725 69.16 

Idaho and Montana W W W W W W 

Colorado and Wyoming W W WwW W W WwW 

Alaska and Oregon _ W W W W W W 

Arizona, Nevada, New Mexico 71 5,468 77.01 57 4,545 79.61 

California, northern — — — — — — 

California, southern W W WwW W W W 

Hawaii 10 1,531 153.10 10 1,566 160.00 

Washington W W W — — — 

- Total? or average 3,574 243,941 68.25 3,329 229,441 68.93 

Foreign imports? 100 7,674 76.74 54 4,250 78.19 
Grand total? or average 3,674 251,615 | 68.48 3,383 233,691 | ~ 69.08 

W Withheld to avoid disclosing company proprietary data; included in “Total.” 

' Does not include quantities produced on the job by masons. 

2 Data may not add to totals shown because of independent rounding. 

3 Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company proprietary data. 
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oo | TABLE 13 | | | | of 

a CEMENT SHIPMENTS, BY DESTINATION AND ORIGIN 1 | 

. (Thousand short tons) | | 

| | 
Destination and origin Portland cement? | Masonry cement | | | 

1987 1988 1989 1987 1988 1989 

Destination: a fe 

Alabama 1,405 1,423 1,266 137 | 122 107 

Alaska? 94 95 111 — Ww med 

Arizona 2,299 2,131 2,090 W W WwW 

Arkansas 7166 690 765 43, 37 36 

| California, northern 3,598 3,958 4,190 WwW Ww | Wie 

- | California, southern 8,121 8,584 8,851 WwW WwW WwW 

Colorado | 1,110 992 1,082 16 3 | 12 

~ Connecticut 3 1,029 990 775 4 24 19 

| Delaware? 254 277 268 45 15 12 

| District of Columbia? 146 198 195 1 1 (‘) 

Florida | 6,819 7,002 7,181 531 561 556 

Georgia (3,321 3,170 2,666 248 : 238 197 |. 

~ Hawaii 329 355 493 10 10 10 

Idaho | | 251 : 324 305 (*) (*) 4 

Illinois 1,498 1,278 1,259 30. 30 | 28 

‘Chicago, metropolitan? 2,037 2,294 2,421 66 | 69 69 | 

| Indiana 7 1,704 1,773 1,865 103 | 108 98 
lowa 1,199 | 1,225 1,262 120 12 12 

| Kansas 1,351 1,147 1,094 25 21 18 

Kentucky 1,201 1,138 1,100 92 | a 83 

| Louisiana ; 1,761 4,527 1,621 43 36 34 | 

Maine | 361 366 319 12 5 9 

Maryland 1,645 1,722 1,518 | 156 171 136 

Massachusetts ? 1,589 : 1,439 1,090 51 49 _ 38 

Michigan 2,740 2,720 2,717 146 152 141 

Minnesota? | 1,582 1,464 1,588. 51 48 42 

Mississippi | 787 760 705 53 48 43 

Missouri 2,091 2,165 1,971 53 | 48 48 

Montana 175 199 172 1 1 I 

Nebraska 720 749 829 10 10 | 10 

Nevada 754 1,081 1,256 4 (4) (*) 

New Hampshire? 345 337 272 15 15 11 

New Jersey? 1,932 "1,973 1,813 88 83 72 

New Mexico 517 507 522 8 6 6 

New York, eastern 746 638 637 46 42 36 

New York, western 989 1,070 1,036 57 55 55 

New York, metropolitan? 1,851 "1,622 1,539 55 52 49 

North Carolina? 2,145 2,179 1,959 283 281 241 

North Dakota? 278 223 208 | 4 4 3 

Ohio 3,314 3,439 3,451 189 205 184 

Oklahoma 1,076 1,061 1,017 34 28 29 

Oregon 728 799 844 (*) (*) 1 

Pennsylvania, eastern 2,132 2,446 2,251 87 99 89 

| Pennsylvania, western 1,350 1,215 1,100 82 79 75 

Rhode Island? 244 215 189 6 7 6 

South Carolina 1,138 1,213 1,109 152 151 126 

| South Dakota 272 275 289 | 5 4 5 

See footnotes at end of table. . 
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: TABLE 13—Continued 

: CEMENT SHIPMENTS, BY DESTINATION AND ORIGIN! . 

_ (Thousand short tons) . 

Destination and origin Portland cement? Masonry cement | 
1987 1988 1989 1987 1988 1989 

Destination—Continued a : 
Tennessee 1,863 1,698 1,621 203 185 161 
Texas, northern 3,799 3,270 3,273 96 87 77 
Texas, southern 4,267 3,940 4,017 69 66 | 75 
Utah 804 | 620 741 1 1 2 
Vermont? : 173 209 172 6 6 | 7 
Virginia 2,557 2,604 2,349 225 241 221 
Washington "1,476 "1,660 — 1,698 8 "7 8 
West Virginia 455 375 361 31 30 29 
Wisconsin 1,587 1,635 1,752 46 47 46 
Wyoming 317 257 227 i i 1 

US. total > 89,092 88,719 87,472 3,727 3,711 3,374 
Foreign countries® 185 184 230 114 33 101 
Puerto Rico 1,296 1,397 1,379 — . — = 

Total shipments‘ 90,573 £90,300 89,081 3,841 3,744 3,475 
Origin: — ~ | ~~ ~ ~ — 

United States” 74,868 73,743 74,155 3,715 3,468 | 3,190 
Puerto Rico 1,296 1,397 1,379 _- _ — 
Foreign: ® | | | 

Domestic producers "10,595 "11,712 8,653 | 60 "211 264 
Others 3,814 3,448 4,894 67 66 | __ 22 

Total shipments > 90,573 90,300 89,081 3,841 3,745 3,475 
W Withheld to avoid disclosing company proprietary data; included with “Foreign countries.” ; . 
"Includes cement produced from imported clinker and imported cement shipped by domestic producers, Canadian cement manufacturers, and other importers. Includes Puerto Rico. 
2 Excludes cement (1987—-305,000 tons, 1988—318,000 tons, and 1989—183,935 tons) used in the manufacture of prepared masonry cement. 
3 Has no cement-producing plants. ; 
‘Less than 1/2 unit. 

: 
> Data may not add to totals shown because of independent rounding. . 

© Direct shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by symbol W. 
Includes cement produced from imported clinker by domestic producers. 
8 imported cement distributed by domestic producers, Canadian cement manufacturers, and other importers. Origin of imports withheld to avoid disclosing company proprietary data. 

Japanese exports to the United States | tinued to grow, reaching about 26 mil- | other Support systems for metal and 
increased 37% to 2.4 million tons in | lion tons in 1989. Mexico was again the | nonmetal underground mines having 
1989. Of Japanese exports to the | biggest supplier of cement to the | soft, caving, and squeezing ground 
United States, 67% was shipped to the | United States, accounting for 28% of | conditions. Field and laboratory tests 
Los Angeles area. total imports. Eighteen of the 36 cus- | demonstrated the feasibility of using 

| toms districts reported receiving Mexi- | lightweight concrete in lining systems. 
Korea, Republic of can cement. The Tampa, FL, Customs | The innovative concepts developed by 

The Republic of Korea’s cement pro- | District was the largest recipient of | this research will aid mine operators by 
duction increased 49% during the past 5 | Mexican cement with 1.2 million tons, decreasing capital and maintenance 
years to 34 million tons in 1989. Internal | or 28% of the total. costs and by improving productivity in 
cement consumption in Republic of soft, caving, squeezing or bursting 
Korea has increased steadily, reducingthe | _ ground conditions found in deep 
amount of production available for ex- | CURRENT RESEARCH mines.* 
port. Korean exports to the United States | ———-_____—_ The Construction Technology Labo- 
declined 59% in 1989, and further de- ratories (CTL) of the Portland Cement | | 
clines were expected. Exports to the The Bureau of Mines concluded re- | Association reported development of a 
United States were shipped primarily to | search on the use of lightweight con- | new concrete using lightweight aggre- 
the Los Angeles area. crete for ground support in under- | gates. According to CTL, the new con- 

ground mining. The objective of the | crete is lighter and has better insulating 
Mexico research was to develop concepts for | properties than conventional concretes. 

Cement production in Mexico con- | new, innovative continuous liners and | Unit weights can range from 120 
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pounds per cubic foot (pcf) to as low as There has been considerable attention | old. During construction of the Great 

20 pcf, compared with 140 pcf to 150 | given to repairing or rebuilding the Na- | Pyramid about 2600 B.C., the Egyp- 

pef for normal weight concretes. CTL | tion’s infrastructure. These cement con- tians made cementing material by cal- 

also claims that the product offers a | sumption forecasts could be altered dra- cining impure gypsum containing cal- 

broad range of compressive strengths | matically depending on the level of | cium carbonate. The Greeks were 

and thermal and fire resistances. The | spending authorized for this undertaking. | probably the first to calcine limestone 

materials are particularly suited. for Imports will continue to be a signif- | for mortar, about 185 B.C. Portland 

constructing high- and-low-rise build- | icant source of supply. The trend to- | cement was first produced and patented 

ings, bridges, religious facilities, sports | ward increased world consumption of | by Joseph Aspdin in 1824. The name 

arenas, floor slabs, roof decks, and fire | cement, however, could impact the “portland” was chosen because the set 

barriers.° amount of cement available for export | cement resembles a building stone 

to U.S. markets, particularly given the | quarried from the Isle of Portland off 

J political and economic changes taking | the southern coast of England. The 

OUTLOOK place in Eastern Europe. first cement plant in the United States 

| — Cement prices could benefit from a | was built in Pennsylvania where David 

restricted supply of foreign cement. | O. Saylor obtained a patent for creating 

The demand for cement in 1990 is | The price of foreign cement will also | a cement equal to the portland cement 

expected to remain essentially umn- | rise as water freight rates continue to | made in England. | 

changed from 1989, driven primarily by | increase and as more complaints are 

continued weakness in the multifamily | filed by domestic producers alleging | Definitions, Grades, and . 

residential and nonresidential building | that the industry is being injured by | Specifications | 

construction markets. Gradual in- | dumping. Section 4 of the Annual Book of the 

creases in demand are anticipated after American Society for Testing and Ma- 

1990 as the economy improves. The | __._————C—CSCSC‘CSCS S| terials (ASTM) publishes standards, 

Portland Cement Association estimates | BACKGROUND test methods, definitions, recom- 

that cement demand will reach 100 | ——————-——————-——__ | mended practices, classifications, and 

million and 101 million tons by 1994 specifications for cement, lime, and 

and 1995, respectively.° The science of making cement is ages | gypsum.’ The National Institute for 

TABLE 14 a 

| | CEMENT SHIPMENTS,' BY REGION AND SUBREGION 

cn 
Portland cement Masonry cement 

Region and subregion” Thousand / Percent of Thousand Percent of 

short tons grand total short tons _ grand total 

1988 1989 1988 1989 1988 1989 1988 1989 

Northeast: } 

New England 3,556 2,818 4 3 115 89 3 3 

Middle Atlantic 9,005 8,377 _10 _10 4 _ 376 ln mts 

Total? 12,561 11,194 14 13 __ 526 465 14 14 

South: a a a aa _—_ a 

Atlantic 18,740 17,606 21 20 1,645 1,518 44 45 

East Central . 5,019 4,692 6 6 431 394 12 12 

West Central 10,488 10,692 12 12 __ 255 _ 251 7 7 

Total * 34,247 32,990 39 38 2,331 2,164 _ 63 64 

Midwest: OO ~ a OO a — 

East 13,139 13,465 15 15 669 565 18 17 

West 7,248 7,241 8 8 147 139 4 4 

Total? 20,387 20,706 23 23, 816 __704 22 21 

West: oO a ~ — OO — a a 

Mountain 6,112 6,396 7 7 22 | 22 1 1 

Pacific 15,451 16,187 17 19 17 _ 18 _— _— 

Total * "21,563 22,583 _24 _ 26 38 __ 40 lt tf 

Grand total? 88,759 87,472 "100 "100 "3,712 3,374 "100 "100 

' Includes imported cement shipped to importers. 

* Geographic regions as designated by the U.S. Department of Commerce, Bureau of the Census. 

3 Data may not add to totals shown because of independent rounding. 

4 Does not include proprietary data from table 13. 
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TABLE 15 | 

PORTLAND CEMENT SHIPMENTS IN 1989, BY DISTRICT OF ORIGIN AND TYPE OF CUSTOMER! 

SSS 
eae Federal, State . 

| Buildin So . Concrete Ready-mixed Highway ~ Other and other Miscellaneous material | product including | concrete contractors contractors government 
dealers manufacturers . own use Total2 

agencies IE 
District of origin | Quan- ~ Quan- ~  Quan- Quan- Quan- ~ Quan- | Quan- sand 

| tity tity tity tity tity tity tity short 
(thou- Per- (thou- Per- (thou- Per- (thou- Per- (thou- Per- (thou-  Per- (thou- _—Per- tons) 
sand cent sand cent sand cent sand cent  sand_ cent sand cent sand cent 

| short short short _ short short short short. 
| tons) tons) tons) tons) tons) tons) tons) 
Re ey 

New York and Maine 190 6.3 432 14.4 2,151 71.6 123 4.1 88 2.9 () 0.1 17 0.6 3,002 
Pennsylvania, eastern 358 8.4 913 21.4 2,661 62.5 193 4.5 34 8 42 1.0 59 1.4 4,259 
Pennsylvania, western 171 11.4 248 16.5 934 62.3 110 7.3 36 2.4 — — (?) wl 1,498 
Maryland © 99 5.3 354 18.9 1,329 71.0 31 1.6 46 2.5 — — 14 7 1,872 
Ohio 49 3.4 202 14.0 1,152 79.7 41 2.8 1 1 (?) — 1. — 1,446 
Michigan . 191 3.5 684 12.5 4,100 75.4 357 6.5 84 1.5 8 1 25 5 5,449 
Indiana 124 5.3 301 12.7 1,762 74.5 161 6.8 — — — — 17 7 2,365 
Illinois 12 4 162 5.8 2,358 - 84.9 219 7.9 24 9 — — (°) 1 2,776 
Georgia and Tennessee 123 5.9 376 =—s:18.1 1,400 67.5 719 3.8 87 =—4.2 (?) 1 8 4 2,073 
South Carolina 55 2.5 414 18.9 1,518 69.3 96 4.4 36 1.7 22 1.0 48 2.2 2,189 
Kentucky, Virginia, | | . 
West Virginia 77 3.4 309 | 13.5 1,657 72.4 127 5.5 119 5.2 — —. — — 2,288 

Florida 440 10.0 630 14.4 2,918 66.5 © 143 3.2 127 2.9 3 to 129 2.9 4,389 
Nebraska and Wisconsin WwW W W W W ‘WwW W W W W — _ W W W 
Alabama 212 6.7 452 14.3 2,041 64.3 157 4.9 85 2.7 4 1 221 7.0 3,172 : 
Arkansas, Louisiana, | | 
Mississippi 39 3.2 119 9.7 762 61.7 124 10.1 129 10.4 9 7 52 4.2 1,234 

Utah W W W W W W W W W w WwW W W WwW W 
South Dakota W. W W W W W W W W W W WwW W W W 
Iowa | 48 2.3 384 18.5 1,361 65.7 236 =: 111.4 12 6 5 2 27 ~=°1.3~=—-2,072 
Missouri 70 1.4 229 4.7 3,998 81.2 362 7.4 134 2.7 — _— 129 2.6 4,922 
Kansas 82 5.4 92 6.1 1,135 75.4 119 7.9 28 19 — 49 3.3 1,505 
Oklahoma 54 4.3 85 6.9 710 57.4 120 9.8 214 = 17.3 (?) — 53 4.3 1,236 
Texas, northern 182 5.5 281 8.5 1,719 52.2 194 5.9 483 14.7 75 — 2.3 359 10.9 3,294 
Texas, southern 151 3.8 358 9.2 2,808 71.9 196 5.0 164 4.2 11 3 219 5.6 3,907 
Idaho and Montana 14 2.1 71 10.7 421 64.0 42 6.4 76 = §=11.6 (?) — 34 5.2 658 
Colorado and Wyoming 68 4.9 143 10.3 848 60.9 233 16.7 87 6.3 ) — 13 9 1,393 
Alaska and Oregon W W W W W W W W W WwW W W W WwW W 

Arizona, Nevada, 
New Mexico 71 3.2 382 17.1 1,387 62.1 21. & 362 §=16.2 7 3 4 2 2,234 

California, northern 176 5.6 /391 12.5 2,486 79.5 23 7 38 1.2 (?) 1 12 4 3,127 

California, southern 258 3.3 1,109 14.2 5,903 75.8 9 1 348 4.5 5 1 159 2.0 7,791 
Hawaii 30 6.1 65 13.2 364 73.8 5 1.1 16 3.3 7 1.4 5 1.1 493 
Washington W W W W W W W W W W — — W W W 
Foreign Imports* — — — — 8,608 99.5 — — — — — — 45 5 8,653 
Total? or average 3,475 4.2 9,436 11.4 60,914 73.5 3,943 4.8 3,030 3.6 202 2 1,909 2.3 82,909 

Puerto Rico 607 44.2 92 6.7 643 46.8 — — 27 1.9 5 4 () — 1,374 $$ ee TA 
W Withheld to avoid disclosing company proprietary date; included in “Total.” 

"Includes Puerto Rico. 

2 Data may not add to totals shown because of independent rounding. 
3 Less than 1/2 unit. 

4 Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company proprietary data. 
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TABLE 16 , | | 

PORTLAND CEMENT SHIPPED FROM PLANTS IN THE UNITED STATES, ! BY TYPE | 

ns | 

| 1988 1989 

| Quantity Value Average Quantity Value * Average 
(thousand (thousands) per ton (thousand (thousands) per ton 

| short tons) } short tons) 

General use and moderate heat 

(Types I and II) 79,943 $3,826,576 $47.87 77,597 $3,718,291 $47.92 

-High-early-strength (Type IID) 3,359 178,149 53.04 3,133 164,291 52.45 

Sulfate-resisting (Type V) . 697 36,600 52.51 758 43,970 58.03 

Oil well 916 48,193 52.61 869 42,316 48.70 

White | 365 61,155 167.54 456 70,715 155.24 

Portland slag and portland pozzolan 625 33,454 53.52 | 545 29,618 54.33 |- 

Expansive 64 5,595 87.42 40 3,999 100.62 

Miscellaneous? 769 43,092 56.03 832 48,358 58.10 

Total* > or average 86,738 4,232,814 48.80 84,229 4,121,558 48.93 

I Includes Puerto Rico. | 

2 Mill value is the actual value of sales to customers, f.o.b. plant, less all discounts and allowances, less all freight charges to customer, less all freight charges from producing plant to distribution terminal 

. if any, less total cost of operating terminal if any, less cost of paper bags and pallets. 

3 Includes waterproof, low-heat (Type IV), and regulated fast-setting cement. . 

4 Data may not add to totals shown because of independent rounding. 

>Does not include cement consumed at plant. . 

| | TABLE 17 | 

Standard d Technol blish AVERAGE MILL VALUE, IN BULK, | 

tandards and lechnology establishes OF CEMENT IN THE UNITED STATES ' 
and the General Services Administra- : 

tion issues Federal specifications for | (Per short ton) | 

hydraulic cements used in Federal con-_ | ——AMMHHAOE 

struction projects. Following is a brief | Year Portland Prepared All classes 
. . . . cement masonry cement of cement 

discussion of various types of hydraulic a 27 1 

cements and the materials from which a 
they are made. 1986 50.10 65.68 50.73 

1987 ¥48.79 70.55 "49.70 

Clinker.—Clinker is produced by | 1988 "48.55 | 68.48 "49.36 

heating a properly proportioned mix- | 1989 48.93 69.08 49.71 

ture of finely ground raw materials | ‘Revised. 
containing calcium carbonate silica 1 includes Puerto Rico. Mill value is the actual value of sales to customers, f.o.b. plant, less all discounts and allowances, less all freight 

. . . . ’, , charges from producing plant to distribution terminal if any, less total cost of operating terminal if any, less cost of paper bags and 

alumina, and iron oxide in a kiln to a | janets. 

temperature of about 2,700° F at which 2 Masonry cement made at cement plants only. 

partial fusion occurs. The fused mate- 
rial, which ranges from fine sand grains : 
to walnut size, is ground with small TABLE 18 

amounts, 3% to 5%, of calcium sul- U.S. EXPORTS OF HYDRAULIC CEMENT © 
fate, usually gypsum or anhydrite, to AND CEMENT CLINKER, BY COUNTRY 

make portland cement. 
(Thousand short tons and thousand dollars) 

Portland Cement. —ASTM specifi- | ——————————_____$ 

cations C-150 covers five types of port- | Country —198T 1988 1989 
land cement: (1) Type I, for use when Quantity Value Quantity Value Quantity Value 

special properties specified for other | Bahamas 1 58 2 161 8 747 

types are not required, (2) Type II, for | Canada 45 7,025 91 6,381 447 18,609 

general use, more especially when mod- | Ghana 2 130 2 133 14 1,018 

erate sulfate resistance or moderate | Mexico 3 1,355 4 1,164 27 2,120 

heat of hydration 's ese, (3) ype Netherlands (1) 73 () 31 1 139 

eq Or 4. (4) Tv V for y eee 1S | Other? ry 922 2 1,037 15 2,928 

| quired, ype *¥, for use when @ | Total 52 9,563 101 8,907 512 25,561 | 
low heat of hydration is desired, and I 
(5) Type V, for use when high sulfate | 150. tan 1/2 unit 
resistance is required. ASTM specifica- | 2 tnctudes 38 countries in 1987; 27 in 1988; and 37 in 1989. . 

tions also include Type IA, Type ITA, | Source: Bureau of the Census. 
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TABLE 19 | 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, BY COUNTRY 

~ (Thousand short tons and thousand dollars) . 

1987 1988 1989 
Country Quantity — Value Quantity Value Quantity Value 

Customs C.i.f.! Customs C.i.f.! Customs C.i.f.! 

Canada 4,154 146,693 157,606 | 3,628 139,968 143,889 3,420 132,558 142,733 

Colombia 612 14,914 22,090 647 16,798 23,924 849 23,594 34,122 

France 772 15,152 24,373 758 27,085 34,473 355 18,909 28,646 

Greece 1,641 36,559 49,141 2,271 62,450 78,470 1,403 41,945 55,948 
Japan 723 18,351 25,108 1,758 46,719 57,619 2,415 62,239 78,622 
Korea, Republic of 616 14,241 18,095 520 11,326 14,521 211 5,808 7,440 | 
Mexico 4,960 125,666 156,585 4,992 124,527 149,885 4,411 118,468 146,452 
Spain 3,044 80,745 106,996 1,857 54,463 68,860 1,562 47,218 62,010 

Venezuela 766 | 17,534 24,498 641 16,530 22,484 755 22,205 30,149 

Other 438 18,677 22,096 416 15,857 21,982 360 16,579 19,203 

Total 17,726 488,532 606,588 17,488 515,723 616,107 15,741 489,523 605,325 
'Cost, insurance, and freight. 

Source: Bureau of the Census. 

TABLE 20 | 

U.S. IMPORTS FOR CONSUMPTION OF CLINKER, BY COUNTRY | 

| . (Thousand short tons and thousand dollars) 

1987 1988 1989 

Country Quantity Value : Quantity Value Quantity Value 

| Customs C.i.f.! Customs C.i.f.! Customs C.i.f.! 

Canada 846 25,056 28,150. 417 12,943 14,163 407 13,063 14,459 

Colombia 58 1,265 1,515 39 946 1,235 82 2,012 | 3,037 

France 342 7,839 9,818 402 11,801 15,006 185 8,991 10,949 

Greece 343 6,330 8,272 | 53 1,098 1,101 43 1,155 1,569 

Japan 37- 883 1,222 137 3,030 4,281 235 5,462 7,598 

Mexico 1,215 21,114 26,241 437 8,363 10,415 423 10,511 13,647 

Spain 734 14,121 17,543 344 8,282 10,889 254 5,469 7,251 

Other 93 2,765 2,941 90 2,163 3,007 116 3,351 4,018 

Total 3,668 79,373 95,702 1,919 48,626 60,097 1,745 50,014 62,528 
' Cost, insurance, and freight. 

Source: Bureau of the Census. 

and Type IIIA for the same uses, but | purity white gypsum using ceramic | ground for plasticity. ASTM designation 
with the addition of air entraining com- | balls and liners in grinding mills. White | C-91 contains specifications for ma- 
pounds to protect concrete against | cement is used in decorative concrete, | sonry cement. 
freeze-thaw damage. including terrazzo, highway lane mark- ASTM designation C-595 covers the 

ers, and architectural concrete. following four kinds of blended hy- 
White Cement.—White cement is draulic cements, each with an optional 

made from iron-free materials of excep- Masonry Cement.—Masonry cement | provision for air entraining. 
tional purity, usually limestone, china | is a hydraulic cement used in mortars for 

clay or kaolin, and silica. The clinker is | masonry construction. It contains one or Portland-Blast Furnace Slag.—This 
burned with a reducing flame in the | more of the following materials: port- | is essentially an intimately interground 
kiln and rapidly quenched in a water- | land cement, portland-pozzolan cement, | mixture of portland cement clinker and 
spray to keep any iron in the ferrous | slag cement, or hydraulic lime, usually | granulated blast furnace slag, or an 
state to avoid coloration by ferric ions. | with hydrated lime, limestone, chalk, | intimate and uniform blend of port- 
The clinker is then ground with high- | calcareous shale, talc, slag, or clay inter- | land cement and fine granulated blast 
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TABLE 21 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 

| BY CUSTOMS DISTRICT AND COUNTRY 

(Thousand short tons and thousand dollars) | | 

_ | 1988 1989 
saad countey . Value . 7 7 Value 

| Quantity Customs C.i.f.! Quantity Customs C.i.f.! 

Anchorage: | 

Canada 8 — 654 953 12 717 976 

Japan 37 990 1,218 65 | 2,378 3,194 

Total | 45 1,644 “2,171 77 3,095 4,170 
Baltimore: — — ~ Oo Oo ~~ 

Canada 22 595 644 . 64 1,710 1,864 

Colombia — : — — 94 2,763 2,988 

Greece | 169 4,084 4,470 81 2,251 2,447 
Japan | () 45 57° ) 62 80 

Mexico 131 2,585 3,129 ~ 160 4,066 4,454 

Netherlands () 104 113 (2) 59 63 

Spain 82 2,138 2,315 23 675 - 860 

Venezuela 6 150 163 — — — 

Total? All 9,701 10,892 422 11,586 12,757 
Boston: OO ~ Oo oO a 

Canada 6 >» 145 149 42> 1,178 1,235 

Colombia 6 157 302 10 285 303 

Greece 336 12,465 13,351 220 7,147 7,329 

Mexico a — — — 24 669 682 

Netherlands (7) 11 14 — — — 

Spain 54 : 2,960 3,351 30 790 800 

United Kingdom 15 736 746 — — — 

Venezuela | — — — 7 286 296 

Total? | 417 16,474  —«-'17,912 333 10,355 10,647 
Buffalo: | a oO ~ Oo ae ~ 

Canada 1,017 45,139 45,139 925 41,564 43,692 

United Kingdom  R 4 | 4 — — = 

Total? —_ 1,017 45,142 45,142 925 41,564 43,692 

Charleston: an ~ oo oO oO 

France — — — (7) 19 24 

Germany, Federal Republic of (7) 3 3 — — — 

Mexico 46 978 1,260 75 2,176 3,205 

Netherlands (7) 6 6 — — — 

Spain 108 2,363 2,984 43. 1,090 1,392 
Total? 154 3,351 4,254 118 3,285 4,623 

Chicago: — ~ oo — OO 

Canada 9) 3 3 — — — 

Belgium — — — (7) 2 6 

Japan (7) 29 33 (7) 26 34 

Lebanon 24 781 1,315 — — — 

Total? 24 813 1,349 ?) 28 40 

Cleveland: Canada 135 4,735 5,901 138 4,673 6,284 

Columbia-Snake: Japan 125 2,911 3,878 | 116 2,872 3,861 

See footnotes at end of table. 
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. TABLE 21—Continued 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 

BY CUSTOMS DISTRICT AND COUNTRY 

(Thousand short tons and thousand dollars) 

1988 1989 
| Customs district _ — Value 7 _ -_ Value 

and county oS Quantity Customs C.i.f.! _ Quantity Customs C.i.f.! : 
Detroit: 

Canada 650 25,283 26,570 550 21,572 — 23,266 

Germany, Federal Republic of (7) 6 7 ~~ — — 
Netherlands (7) 23 27 — — — 
Turkey — — — 20 783 . 783 

Venezuela — — — 19 770 ___866 
Total 3 650 25,312 26,604 | 589 23,125 24,915 

Duluth: Canada 144 | 4,449 4,995 80 2,083 — 2,458 
El Paso: Mexico 450 16,961 16,961 496 18,011 20,022 
Great Falls: oo Oo — oO a . a 

Canada (7) 2 2 (7) 12 12 
Yugoslavia () 13 7 13 — — — | 

Total? 8 15 4S ) 12 22 
Honolulu: a a — a — ~ 

Colombia | — | — — 30 529 1,148 
Japan | | 137 3,030 4,281 195 4,524 6,319 

Korea, Republic of | 12 461 643 | — — — 

Mexico — — — 33 788 1,436 
Total? 149 3,491 “4,923 258 5,841 8,902 

Houston-Galveston: Oo ~ oo Oo ~ 

_ Denmark — | — — (7) 6 6 
Germany, Federal Republic of (9) 24 = 28 (7) 32 4] 
Italy ?) 3 5 — — — 
Mexico 317 6,323 8,882 . 54 1,079 1,403 

Spain | 62 1,525 2,131 11 711 711 
Total? 378 7,875 11,046 66 1,828 2,161 

Laredo: Oo — ~ a ~ 
China — — — 1 136 161 

Mexico 229 8,155 8,223 144 5,894 6,531 
Panama . 1 31 31 — _ = 

Total 3 229 8,186 8,254 145 6,030 6,692 
Los Angeles: Oo a — oO ~ 

Denmark 18 571 1,533 4 181 469 

France (7) 973 1,232 (7) 40 | 44 
Japan | 1,158 32,044 37,847 1,607 41,629 50,115 

Korea, Republic of 508 10,865 13,878 134 3,833 5,052 

Spain 23 822 974 214 6,738 8,650 
Sri Lanka (Ceylon) . — — — 20 585 716 

Taiwan 115 2,783 3,720 76 1,848 2,470 

Turkey — — — 33 753 1,300 
United Kingdom — — —_ 29 750 1,001 

Venezuela — — — 46 1,811 2,148 

Yugoslavia 1 91 136 (7) 56 62 
Total? 1,823 48,149 59,322 2,162 58,224 72,028 

See footnotes at end of table. 
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TABLE 21—Continued | 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 

BY CUSTOMS DISTRICT AND COUNTRY | | 

(Thousand short tons and thousand dollars) | | 

| I 

7 | 1988 1989 

cand country. Quantity __Yalue __ | Quantity __Nalue 
| | Customs C.if.! , Customs C.i.f.' 

Miami: . 

Belgium-Luxembourg 3 188 284 2 184 340 

Brazil : ) 2 2 — — — | 

Colombia 12 355 447 60 «1,917 2,344 

Denmark 6 - 372 452 11 656 839 

France — — — (?) 13 | 14 

Germany, Federal Republic of CQ | 5 7 — | — —_ 

Greece | 505 12,499. 16,276 180 5,255 9,131 

Mexico | 449 9,102 12,954 591 13,073 19,652 

Spain | 296, 10,786 13,420. 328 13,587 14,724 

Sweden 4 148 170 | _ — — 

Venezuela 128 | 3,200 4,210 187 5,047 6,779 

Total? | 1,404 36,657 48,220 1,360 39,732. 53,823 

Mobile: rn — OO — a 
Greece | 52 1,098 | 1,101 - — — — 

| Mexico 334 5,232 6,789 = | = = 

Total 386 6,330 7,890 — — = 
| New Orleans: OO — — | OO 

| Belgium-Luxembourg — — : — (7): 42 : 46 

Canada 26 865 1,040 — — — 

France 293 8,982 : 11,354 206 6,146 8,332 

Mexico 300 6,034 10,223 124 2,696 4,490 

Spain . 439 10,484 13,555 715 2,439 _3,071 

Total} 1,059 26,364 36,172 405 11,323 15,940 
New York City: an a ~ | oO CO — 

Belgium — — — 9) 54 65 

Colombia — — oe | 40 287 443 | 

France 119 3,303 4,605 —_ _— _ 

Greece 743 19,727 26,251 611 18,677 25,138 

Mexico ~ 161 3,222 4,865 14 313 391 

Saudi Arabia 36 613 1,076 — — — 

Spain 208 6,952 8,718 344 10,224 13,937 

Sweden 35 1,042 1,397 — — _ 

Switzerland (7) 2 2 — — — 

United Kingdom 5 145 210 . (7) 1 i 

Total? 1,308 35,004 47,123 985 29,556 39,976. 

Nogales: Mexico 418 9,915 9,915 416 10,434 11,806 

Norfolk: Oo OO oO oo — OO 

Bahamas 6 217 268 3 96 149 

Colombia 34 902 1,317 129 3,866 5,501 

France 51 7,801 9,206 75 9,925 18,194 

Germany, Federal Republic of (7) 15 19 — — — 

Greece 141 4,503 5,545 25 731 975 

Mexico 38 1,060 1,500 91 1,978 3,289 

Netherlands () 1 1 — — — 

Spain 52 1,509 1,960 — | — — 

See footnotes at end of table. | 
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BO - oo TABLE 21—Continued : | | a - 
| U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, a 

| | BY CUSTOMS DISTRICT AND COUNTRY 7 oO . : - 

_ (Thousand short tons and thousand dollars) | oe 7 

ggg _ 

| Quantity Customs Caf Quantity Customs C.i.f.! | 7 
| Norfolk—Continued | , | | | | 7 | _ United Kingdom 6 242 ee 1 442 506 

Venezuela 156 4,283 6,526 180 5,330 8,233 | | Total 3 486 20,533 26,652 506 22,368 36,846 _ 
Ogdensburg: - OS OO | — — — | OO ~~ a 

| Canada | 279 9,089 9,089 316 10,531 11,181 oe | Netherlands i — _ _ — | 12 14 oe | Total 279 9,089 9,089 316 10,543 Msgs | | Pembina: Canada | 190 8,780 8,780 253 10,962 12,037 a | Philadelphia: = | — ~~ Se ee | 
‘| France } ] al 1,124 1,528 — — = _ 

| Germany, Federal Republic of. (7) 112 , 123 () | 8 _ di os 
Greece | 104 2,271 — 3,605 «156 4,062 6180; 

| Spain } | 202 5,825 | 7,634 224 , 7,292 9,613 oo 
Total? 347 9,332 12,890 380 | 11,362 15,804; Portland, ME: | ST Se ee — oe Canada , 4 0 | 697 : 697 16 723 772 

Mexico 2 64 64 7 — ae ee | — Portugal 20 77 942 = = ~— . Total? 3600CO 1,538 “1,704 16 : 723 mR a 
| Providence: - Cc ne a A a a 

| Canada — _ | —_ a) 135 146 oe ; 
- Colombia | BE 3,262 5,961 118 2,900 7,219 - 
Greece | 119 3,145 42540 113 3,319 4,093 - 
Spain | 62 «1,654 - 2,412 8 237 351 es 
Venezuela —  § «186 246 | — — _- . Total? a7 8,247 = 12,872 243 6,591 810 : 

St. Albans: — — ~ OO — oO : 
‘Canada 567 17,502 17,504 467 15,484 17,415 | 
France a es — () 130 135 : 
Netherlands (2) 62 72 (?) 12 14 

Total? 567 17,564 17,576 468 15,626 17,564 7 
San Diego: — OO ~— — oO — 

Japan 25 737 909 — — — - 
Mexico 661 22,942 23,595 627 21,049 22,685 | 
Morocco (7) 4 4 — — = Total 686 23,683 24,508 627 21,049 22,685 

San Francisco: — OO ~ OO — . oO 
Japan 39 1,221 1,605 160 4,229 5,732 
Korea, Republic of — — — 77 1,975 2,388 
Mexico 274 7,066 7,781 290 7,724 8,173 
Yugoslavia (7) 4 7. (7) 7 —_ 2 
Total? 313 8,290 9,393 527 13,935 16,305 

See footnotes at end of table. 
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| TABLE 21—Continued 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 

BY CUSTOMS DISTRICT AND COUNTRY 

(Thousand short tons and thousand dollars) 

I 9590 

| a Oo 1988 1989 

| ‘ond country - Quantity ___ Value - . Quantity ____ ate Value _ 

| - Customs C.i.f.! } Customs C.i.f.! 

San Juan, PR: OF | | | | 

_ Belgium-Luxembourg 7 461 787 7 499 _ 854 

_Canada oo — | — — (7) il | 15 

_ Colombia CO - 39 946 1,235 49 1,224 1,602 

Denmark | 13 1,069 | 1,424 10 626 1,064 

Germany, Federal Republic of — — — ?) - 10 19 

- Honduras | 32 853 1,303 56 1,581 2,051 

. Ireland — | — — ) 10 18 

‘Italy a (7) | 2 3 | — — — 

Japan RP) 5 5 | (7) 9 9 

Mexico 31 832. 1,123 1 34 62 

| Venezuela — — — 9) 2 4 

Total? | 122 4,168 5,881 122 4,006 5,698 

Savannah: . a — nn Oo 

Colombia ; 9 : 258 | 273 30 903 910 

Mexico - 30 688 | 728 18 506 | —- $06 

‘Spain 48 1,749 1,844 — — — 

United Kingdom — — — (7) 1 2 

Venezuela — - — oe = 8 249 __249 

_—_ Total? , 88 2,695 — 2,846 | 56 | 1,659 _ 1,668 

Seattle: OO OO | ~— nn — , oo 

Canada 569 22,026 22,417 552 21,042 21,405 

China | — — — Oe | 19 22 

Colombia | (7) 3 3 — — — 

Japan - 237 5,708 7,787 271 6,503 9,267 

Yugoslavia | ) 5 9 —_— — | = 

Total? 806 27,742 30,215 823 27,564 _ 30,695 

Tampa: : — OO a | OO — — 

- Bahamas — — — 3 104 — 124 

Belgium — — — (7) 73 «96 

Colombia 331 8,693 11,210 | 283 7,683 10,163 

Denmark | 59 W W 66 W WwW 

France 253 WwW WwW ) 73 WwW WwW 

Greece 101 2,657 3,617 — — — 

Mexico 1,121 23,367 31,893 1,227 27,628 36,838 

Spain 221 5,696 7,561 263 6,096 7,899 

Sweden 5 202 237 — — — 

Venezuela 286 7,657 10,250 282 7,913 10,675 

Total? 2,376 57,073 76,234 2,197 56,043 72,979 

Virgin Islands of the United States: — OO OO OO an — 

Bahamas ] 35 37 — — — 

Barbados 1 73 94 (9) 11 11 

Canada 2 4 5 — — _ 

Colombia 2 171 179 28 978 1,216 

Dominican Republic — — — 15 427 433 

| Japan — — — 1 8 10 

See footnotes at end of table. 
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TABLE 21—Continued  _ , 

U.S. IMPORTS FOR CONSUMPTION OF HYDRAULIC CEMENT AND CLINKER, 
: | BY CUSTOMS DISTRICT AND COUNTRY | : 

| (Thousand short tons and thousand dollars) . 

. 1988 1989 : 
| Customs district Cae Value OTT | Value 

_ anecouney Quantity Customs C.i.f.' Quantity | Customs Cif. | 
Virgin Islands of the United States— . : . 
Continued 

Leeward and Windward Islands ?) 8 10 ?) 3400 885 
Sweden 3 114 116 | — | — — 

Trinidad and Tobago _ — — 1 | 38 40 
Venezuela 60 1,054 1,089 25 796 | — 899 

Total 5 68 1,459 1,530 71 _ 2,292 2,644 
Wilmington, NC: a — oo | a oo 

Colombia 79 2,051 2998 = | ——— oe 
- Germany, Federal Republic of — — os (?) 24 24 
Greece oe — — 17 — 503 656 
Mexico — —_- — 28 616 1,132 

Total 7 79 2,051 2,998 | | 45 1,143 1,812 

Grand Total? 17,488 515,723 616,107 “15,741 . 489,523 605,325 
W Withheld to avoid disclosing company proprietary data; included in “Total.” | oe | oo 
"Cost, insurance, and freight. . . . i: 
Less than 1/2 unit. , | | 7 | a 
> Data may not add to totals shown because of independent rounding. a . | a 

Source: Bureau of the Census. | | | oe 

| | TABLE 22 | _ 

U.S. IMPORTS FOR CONSUMPTION OF CEMENT AND CLINKER | : 

(Thousand short tons and thousand dollars) | 

EE 

soma ee Hydraulic nonstaining Total ! 
Year hydraulic cement cement clinker portland cement 

Quantity (customs) Quantity (customs) Quantity (customs) Quantity (customs) 
1985 9,581 306,472 4,633 103 ,067 274 27,890 14,487 437,429 

1986 12,086 361,149 3,972 79,699 261 28,145 16,319 468,993 

1987 13,782 384,989 3,668 79,373 276 24,170 17,726 488,532 

1988 15,225 438,978 1,919 48,626 344 28,119 17,488 $15,723 

1989 13,601 410,326 1,745 50,014 395 29,183 15,741 489,523 

' Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. . 
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| furnace slag in which the slag constit- TABLE 23 TABLE 23—Continued 

_ | uent ranges between 25% to 70% of the WORLD CEMENT ANNUAL WORLD CEMENT ANNUAL 
| total weight of the cement. PRODUCTION CAPACITY, | PRODUCTION CAPACITY, 

DECEMBER 31, 1989! DECEMBER 31, 1989! 
-Portland-Pozzolan Cement.—Port- | : 

land-pozzolan cement is produced by (Million short tons) : (Million short tons) 

intergrinding portland cement clinker | 

. and pozzolan, by blending portland Country Rated clinker Country Rated clinker 

. cement or portland-blast furnace slag capacity" ff ACHE 

cement and finely divided pozzolan, or | North America: Asia—Continued 

a combination of intergrinding and Canada 16 Other 35 

blending in which the amount of the Mexico 27 Total 509 

: pozzolan is between 15% and 40% of United States (including Oceania: CO 

the total weight of the cement. Puerto Rico) 85 Australia. t—<“iti‘s™S~™S 9 

Total 128 Other > 
Pozzolan-Modified Portland Cement. | south America: Pe 

—The constituentsinthistypeofcement | “Argentina t™*” 12 -_Woddiesl en on aya 
| eee orld total 1,374 

are the same as those for portland- Brazil 4] CR 

. pozzolan cement, and the methods of  Venezudla. i (ti‘(‘éC~™S 7 includes capacities of operating plants as well as plants on 

| production are also the same. However, Other 20 standby basis. | 

| pozzolan makes up less than 15% of the mer 
i total weight of the blended cement. __Totl | 

: a | Europes concrete. ASTM specification C-845 

a Slag Cement.—Slag cement is aj| Belgium 8 covers all expansive cements. 

7 finely divided material made from a | _ Czechoslovakia 10 | 
a uniform blend of granulated blast fur- France | 26 Aluminous Cement.—Sometimes 

a nace slag and hydrated lime. The slag German Democratic | known as calcium aluminate cement, 

= constitutes at least 70% of the total Republic 14 high alumina cement, or “Ciment 

a weight of the blended cement. Germany, Federal Republic Foundu,” aluminous cement is a hydrau- 

a | i 44 _| lic nonportland cement. Special applica- 

o Pozzolan.—Pozzolan is a siliceous Greece 17 tions of aluminous cement are based on 

a and aluminous material that in itself Italy 44 its rapid hardening qualities, resistance to 

*, possesses little or no cementitious value Poland 21 sulfate action, and refractory properties 

- but will, in a finely divided form and in Portugal 8 when used as “castable refractories” and 

a the presence of moisture, chemically | Romania (i(‘iséS~S 20 mortars for furnaces and kilns. 

m react with calcium hydroxide at ordi- | “gin (ai(‘éS~S 39 | 

: nary temperatures to form compounds Turkey SOtCS 35 Concrete.—Concrete is a _propor- 

. possessing cementitious properties. Fly | —. 2-7 tioned mixture of coarse mineral aggre- 
a . . : ; U.S.S.R. 154 
3 ash is a pozzolanic material obtained | ————-______- gates of sand and gravel or crushed 

_ from flue gases produced by coal com- | —United Kingdom 17 stone, bound together by a paste of 

7 bustion. Natural pozzolans are natu- | _‘ueoslavia 12 hydraulic cement and water. Volume 

: rally occurring materials such as diato- | _ Other 101 04.02 of ASTM standards covers con- 

| maceous earths, opaline cherts and Total 560 crete and aggregates. 

: shales, tuffs, volcanic ash, and pumic- | Africa: 

- ites. ASTM C-618 covers fly ash and | Algeria 12 Products for Trade and Industry | 
natural pozzolans. | Egypt 22 Portland cement composes 96% of 

| ~ South Africa, Republic of 12 the total domestic output; the remain- 

Oil-Well Cement.—Oil-well cement | “oye © 34 der is mostly masonry cement. About 

was developed to seal oil and gas wells Tol BO 92% of total portland cement produc- 

: under pressures up to 1,800 pounds per me —==— | tion in 1989 comprised Type I and II 

| square inch and temperatures up to Asta cement, 4% was Type III, and 1% was 

350° F. This cement must remain fluid © China 220 oil-well cement. Cements produced in 

up to about 4 hours to be effective. india 36 quantities comprising less than 1% 
Indonesia 20 each were portland-pozzolan and 

Expansive Cement.—Expansive ce- Japan 97 portland-blast furnace slag, Type IV, 

: ment is a hydraulic cement that tends to Korea, North 11 Type V, white, expansive, and water- 

increase in volume after setting during Korea, Republic of 34 proof cements. A small quantity of 

the early hardening period. There are Thailand 12 regulated set cement was produced. 

| three types of expansive cements, Types | Taiwan © 74 Each product requires either a change 

kK, M, and S. Expansive cements are used | Scn0suenedotue | 2A proportion of raw materials mixed 

| primarily in shrinkage-compensating for kiln feed or additives to the clinker. 
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Industry Structure TABLE 24 | | 

The industry is composed of 130 HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY! | 
cement producing plants in 40 States. 
Multi-plant operations were being run (Thousand short tons) 
by 23 companies. Because of overall : 
poor financial performance by the in- Country? 1985 1986 1987 1988? 1989° | 
dustry during the 1980’s, many compa- | Afghanistan‘ 85 95 110 110 110 
nies have left the cement business or | Albania‘ 940 940 945 880 880 
closed plants and began importing fin- Algeriasstst—~S 6,720 7,120 7,170 7,170 7,170 | 
ished cement or clinker for grinding Angolaotst~S 390 390 390 1,100 1,100 | 
into finish cement. Fifteen independent Argentina. 5,104 6,122 6,947 6,667 4,927 
importers have constructed terminals to | ————--_______ 
receive foreign cement for markets near Australia 6,489 6,534 6,469 7,055 7,165 
coastal areas. The industry has also Ausinia 3,027 5,036 4,985 9,250 9,290 
undergone dramatic changes in owner- | Bahamas — @) — — — 
ship. At yearend, foreign investors con- | Bangladesh“ 265 322 342 397 413 
trolled approximately 65% of U.S. pro- | Barbados _ “240 219 226 203 237 
duction capacity. Belgium 6,103 6,349 6,271 7,111 7,600 | 

Benin® | 331 331 331 550 550 
Resources Bolivia | 418 325 437 499 5557 

Primary raw materials required for | Brazil SSS*~*~S«ée 27,885 28,076 27,919 27,560 
cement clinker production are, in order Bulgaria tStS~S~S 5,838 6,285 6,056 6,101 6,100 

Shale, and iron ore. In instances weve | BU8 526 478 “29 2a , . where | ——_____L 
essential chemical components are not Canada 11,235 11,687 13,892 13,268 13,000 
present in the primary raw material in Chile 1,570 1,580 1,757 2,021 1,200 
the required amount, other mined ma- | Chinas C=, 100 178,000 198,000 224,000 228,000 | 
terials or industrial products may be | Colombia "5,946 6,626 6,575 7,031 6,900 
used as additives to correct these defi- | Congo 64 °64 “42 °64 64 
ciencies. Gypsum is added during the | Costa Rica 524 573 613 613 600 
clinker grinding process to make fin- | Cote D’Ivoire (Ivory 
ished portland cement. Coast) 748 855 719 770 770 

Although raw materials for cement | Cuba 3,508 3,643 3,897 3,931 — 4,100 
manufacturing have not been quanti- | Cyprus 727 952 941 956 950 : 
fied, they are abundant in most coun- | Czechoslovakia 11,315 11,352 11,430 12,097 512,002 
tries. Some countries deficient in taw | Denmark t—<CsStstS 1,917 2,237 2,080 1,853 2,200 
materials meet their requirement by Dominican Republic 1,110 1,175 ©1200 1,647 1,700 
importing. Many domestic companies | Fuador OCS 2.167 2.221 1,765 2.200 2,200 
have reported reserves of raw materials Egypt 6,337 8.391 9.641 10,789 10,700 
exceeding 100 years supply. FPP aE EEE 

El Salvador 496 488 669 687 697 
Technology Ethiopia® 275 275 275 275 275 

Principal steps in manufacturing | Fiii 103 102 — — — 
portland cement consist of crushing, | Finland 1,773 1,567 1,572 1,658 1,650 
grinding, mixing, and burning raw ma- | France 25,955 ©25,900 25,970 © 26,500 26,500 
terials and grinding the resultant clin- | Gabon 270 232 151 145 155 
ker. About 1.8 tons of raw materials is | German Democratic 
required to make 1 ton of cement. Republic 12,795 13,214 13,702 13,790 13,800 

Germany, Federal 
Raw Material Grinding.—Both dry Republic of 28,393 29,299 27,853 28,897 29,200 

and wet grinding are used to obtain a | Ghana 400 241 302 526 623 
fineness that may range from 75% to | Greece 15,067 14,706 14,515 14,388 14,400 
90% passing through a 200-mesh sieve. Guadeloupe 190 199 ©F10 220 220 
In wet-milling, water is added with the | Guatemala CS” 580 710 1,459 1,660 $1779 
mill feed to produce a slurry containing | wati=2222tt*~CS~S 291 278 278 276 240 
about 65% solids. The raw material is Honduas 383 397 497 617 660 
hen dried and ground for burning. eee 

t Hong Kong 2,023 2,465 2,454 2,413 2,400 

Burning.—Burning is the most im- | Hungary 405442394578 4269 4,300 
portant operation in manufacturing ce- | 5° footnotes at end of table. 
ment because fuel consumption is a 
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TABLE 24—Continued major expense, plant capacity is meas- 

HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY' ured by kiln output, and strength and 
other properties of cement depend on 

(Thousand short tons) the quality of the clinker. Burning takes 
| place in a rotary kiln that is a 

Country? 1985 1986 1987 1988? 1989° | refractory-lined steel cylindrical shell. 

Iceland 126 125 144 148 130 | It rotates on an axis inclined at % to 4 

India 36,409 40,124 40,763 44,900 $46,407 | inch per foot toward the discharge end. 

Indonesia (tt—~S 11,112 12,060 13,055 13,495 515.541 U.S. kilns range in size from 116 to 760 

Irn St~CtCOS«*WS 789 13,529 14,031 13,450 13,800 feet long and 8 to 24 feet in diameter. 

Iraq * 8,800 8,800 11,000 11,600 13,800 

Ireland 1,606 1,541 1,596 1,857 1,800 | Byproducts and Coproducts 

Israel 27 2,270 2,454 2,564 2,500 There are no major byproducts and 
Italy —Cité‘éO, 42D "39,615 41,069 * 40,800 40,200 | coproducts in manufacturing hydraulic 
Jamaica 264 266 337 409 400 | cement in the U.S. Flotation, a method 
Japan 80,300 78,555 78,871 85,489 89,600 | of beneficiation used by some compa- 
Jordan 2,230 1,978 °2,500 2,015 *1,962 | nies to remove undesirable constituents 
Kenya 934 1,446 1,456 1,366 51,341 | from raw materials to increase the cal- 
Korea, North® 8,800 8,800 9,900 11,000 11,000 | cium carbonate content of the kiln 

Korea, Republicof 22,514 25,797 28,287 31,961 533,592 | feed, produces waste such as silica 
Kuwait 1,315 1,118 ©1,120 979 g99 | Sand, or mica fines which may be mar- 

lebanonn®—S«SY 100 1,000 1,000 1,000 1,000 keted. Waste rock quarried in selective 
Lieia «id 107 16 7 so4 | Mining of usable raw material has been 
—————— | sold for riprap and fill materials or 
Libya —~C~sé‘ Sz; 2000 2,289 2,976 "3,000 3,000 | crushed and sold as aggregate for con- 
Luxembourg 325 429 561 621 610 | crete or for road base. Some kiln dusts 
Madagascar*® 39 39 39 39 39 | with high alkali content have been col- 
Malawi 68 77 80 72 77 | lected and used as fertilizer or proc- 
Malaysia 3,448 "3,934 3,655 4,161 °5,284 | essed to recover potash. . 

Mali® 521 22 24 28 28 = 

Martinique® 220 220 220 220 229 | Economic Factors 
Mauritania — | — 88 99 >99 ce oe 

Mexico 22,796 21,772 24,633 24,816 25,900 | . Prices.—Cement prices are greatly 
Mongolia’ OStC~S~S 5166 470 600 660 660 influenced by local or regional markets 

MorocoSt*«S«CTD 4,125 4.200 4,200 4,200 and the availability of energy and raw 

oo | materials required for cement manufac- 

Mozambique 220 "220 280 “440 440 | turing. Discounts for cash and large 
Nepal 35 102 167 237 290 | quantity purchases, absorption of 
Netherlands 3,209 — 3,417 “3,440 3,400 3,900 freight charges, and the cost of paper 

New Caledonia‘ 66 44 «SS 66 66 | bags and pallets add to the complexity 

New Zealand 1,069 999 970 ©990 1,050 | of cement price patterns. Extreme com- 

Nicaragua * 110 110 110 110 110 | petition among producers and stiff 

Nigro = 42 42 44 599 39 | competition from imports are primary 

Nisriatsté—<‘éS™C;*~*‘*S «6 8O 4,255 4,189 3,748 3,860 | contributors to depressed prices, which 

Norway SS” 1,764 1,929 1,807 1,574 51516 severely limit investment dollars available 

Oman 415 £770 926 869 51044 for capital improvement or expansion. 

Pakistan® 5,765 5,760 7,530 7,761 7,700 Costs.—Cement production costs 

Panama 336 370 385 385 385 | are determined by such factors as plant 

Paraguay 51 197 288 354 360 | location, plant age and level of mod- 
Peru 1,937 2,432 2,849 * 2,800 2,200 | ernization, type of production process 
Philippines 3,395 3,910 3,660 4,700 4,400 | used, the availability of raw materials, 

Poland 16,535 17,416 17,747 "€18,740 16,500 | and labor. Energy represents by far the 

Portugal 5,913 6,001 6,400 6,300 6,600 | largest portion of production costs, 

Qatar t—‘—s 350 340 © 330 r £330 339 | accounting for 40% of the total. The 
Romania. ~——~—~—S—«*&L:3, 490 15,670 15,760 £15,400 15,400 | industry has had considerable success 

Saudi Arabia i(isté‘séCS~*‘«S9;« 10,287 9,474 © 10,500 10,509 | in stabilizing production costs by un- 
oe  —— | dertaking modernization projects that 
See footnotes at end of table. . 

not only conserve energy but increase 
production capacity. 
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TABLE 24—Continued lation of dust collectors such as bag | 

HYDRAULIC CEMENT: WORLD PRODUCTION, BY COUNTRY’ houses and electrostatic precipitators, 
both of which add considerably to oper- 

(Thousand short tons) ating costs without improving produc- 
tion. In addition to meeting air quality 

Country” 1985 1986 1987 1988? 1989° standards, the industry must also comply 

Senegal 449 397 410 431 5419 | with water quality, land use, health and 

Singapore 2,195 1,989 1,684 1,759 51.881 | safety, and noise requirements. It has 
South Africa, Republic been estimated that capital costs for 

of 7,754 "7,399 7,424 9,354 9,600 | Meeting these requirements can account 

Spain (including | for 20% to 25% of the capital expendi- 

Canary Islands) ° ° ©26,673 26,500 25,800 26,500 27,000 | tures for new plants and major 

Sri Lanka® 660 660 660 440 440 | additions.® 
Sudan 213 *©165 134 “£165 165 
Suriname®ett—=CS~S 55 55 55 55 55 Employment.—In the U.S. cement 

Sweden 2,341 2,336 2,467 2,425 2,425 | industry in 1989, there were approxi- 
Switzerland” 4,689 4,842 5,089 5,473 56,020 | mately 19,900 workers, including indi- 
Syria st<“<~CStst‘CSt 4.736 4,630 4,266 3,671 53. 859 viduals employed in mining and milling 

SS _____— ; operations. Employment in the indus- 
Taiwan 15,893 16,321 17,226 19,049 19,889 try has continued to decline primarily 

Tanzaniat 330 330 330 330 330 | because automated process control 
Thailand 8,726 8,723 10,931 12,692 5 16,561 technology permits greater productivity 

Togo 313 384 407 416 >429 | with fewer employees. 

Trinidad and Tobago 362 *360 357 397 420 

Tunisia 3,372 3,289 ©3,750 © 5,500 5,500 Energy Requirements.—The U.S. ce- 

Turkey 19,380 22,050 24,228 24,995 526,235 | ment industry is one of the largest users 
Uganda i tst—t 99 req7 2 10 11 | of energy, consuming about 275 trillion 

USSR. «i144, 096 148,943 151,462 153,771 154,300 | Btu’s during 1989. Substantial energy 
United Arab Emirates ss" °4,635 ©3780 3,644 3,897 3,970 Federal have been achieved since the 
United Kingdom ——~S=«S', 7084 14,785 ©14,770 15,983 15,400 | Federal Government implemented the 
United States Gnelading voluntary energy conservation program 

Puerto Rico) 78,859 79,916 79,501 78,252 $78,559 | in 1972. The installation of improved 
ann ; raw material grinding and processing | 
Uruguay 346 375 442 479 513 

So , technology, the use of  preheater- 

Venezuela 9,836 6,335 6,735 6,833 4,971 precalciner systems for burning raw 

Vietnpam® 1,430 1,700 1,667 1,650 1,760 | material, the conversion from wet to | 

Yemen (Sanaa) 1,543 1,279 838 712 770 | dry process, and the conversion from 

Yugoslavia 9,952 10,061 9,880 9,744 9,400 | oil and gas to coal for kiln firing all 

Zaire 489 490 542 r e500 500 | contributed to improved energy effi- 

Zambia 349 368 413 446 5425 | ciency. Further improvements in energy 

Zimbabwe ©770 ©9895 894 855 $793 | consumption will result as technologi- 

“Tol SO*~*~«~CS~S~*«Sdz*= ST, =A 106,182 «1,153,425 —=s'2,215,498 ‘1,235,613 | CAl and institutional barriers to the use 

cEuimaed ’Pelimmay, ‘Raa =~SOSC*~<C~s=<CSCSCStC «Of municipal, industrial, and hazard- 

| Table includes data available through June 27, 1990. ous wastes for kiln firing are removed. 
2 in addition to the countries listed, Cameroon produces cement, but available information is inadequate to make reliable estimates of 

output levels. —— 

‘pe earn roar ending June 30 of that stated. ‘US. Department of Commerce, International Trade 

5 Reported figure. Administration. Construction Review. V. 36, No. 2, 

© Excludes natural cement. Mar.-Apr. 1990, pp. 1-10. 
2 Engineering News-Record. ENR Materials Prices. V. 

224, No. 1, Jan. 1990, pp. 73-74. 
3 Cement International. Rock Products. V. 93, No. 4, 

Tariffs.—For countries with most- | Operating Factors Apr. 1990, pp. 59-87. 
favored-nation status, duties are im pose d Skinner, E. H. Structural Uses and Placement Tech- 

. . . . . niques for Concrete in Underground Mining. BuMines 

only on white cement in the amount of Environmental Requirements.—Since | px 9266, 1989, pp. 1-31. 
22 cent per ton, including the weight of | the 1970’s, the U.S. cement industry has $Construction Technology Laboratories Inc. CTL 
containers. Other hydraulic cement and | been required to make substantial capital | Review. V. 13, No. 1, Apr. 1990, pp. 1-4. 
clinker are duty free. The statutory im- | investments to comply with environmen- *Portland Cement Association. Market and Eco- 
port duty for countries without most- | tal restrictions. The biggest source of May 1 990, op 1-19. Cement Consumption Forecast. 
favored-nation status is $1.76 per ton and pollution associated with cement produc- 7 American Soci ety for Testing and Materials. S. 4, v. 

$1.32 per ton for all other types of | tion is controlling dust from kilns and | 04.01, Cement, Lime, and Gypsum. Apr. 1, 1988, pp. 

cement and clinker, respectively. clinker coolers. That requires the instal- | 1-544. 
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- 8U.S. Department of Commerce, International Trade | _ . | | | . 
Administration. A Competitive Assessment of the U.S. | | . | 

oe . Cement Industry. July 1987, pp. 144-146. | 

: OTHER SOURCES OF INFORMATION | | | 

| Bureau of Mines Publications — / | 
a Cement. Ch. in Mineral Commodity | | | | 

: Summaries, annual. _ , | | 
Oo Cement. Ch. in Minerals Yearbook, | | | 
: annual. | | | | 

Cement. Reported monthly in Mineral 7 | 
- _ Industry Surveys. | | — | , 
o Other Sources | | | 7 
a Pit and Quarry. | | | 7 . 

nn International Cement Review. | | | 
a Cembureau, World Cement Directory. , . | - : | 
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By John F. Papp | 

Dr. Papp, a physical scientist with 19 years Bureau of Mines experience, has been the commodity specialist for chromium since 
1983. Domestic survey data were prepared by the Branch of Data Collection and Coordination, Division of Statistics and 
Information Services. Chromite world production data by country were prepared by Audrey D. Wilkes, international data 
coordinator, Geographic Data Section, Division of International Minerals. Cost of production data were prepared by the 
Minerals Availability Field Office, Division of Resource Evaluation. | 

n 1989, reported chromium mate- High-carbon a 

I: consumption was 377,726 Contract year Ore converted ferrochromium produced Cost 

metric tons, gross weight. All ton- (metric tons) _____ metric tons) (millions) 
nages are in metric tons unless | ___ C—C—C—C—C—C—C—CSs—CsC—CsSC—CSCSSSSSSCS MGs Content 

| otherwise specified. The reported con- | __—s—————C—“‘(WSCWISTORICAL PERFORMANCE 
sumption of chromite by the chemical | 1984 113,968 45,590 30,180 $22.3 
and metallurgical industry increased | 1985 124,298 | 44,872 29,630 22.5 

while that of the refractory industry de- | 1986 85,301 "31,944 20,898 17.6 
creased. Metallurgical industry chrom- | 1987 125,739 52,414 40,058 "28.8 | 

ite consumption includes material con- | 1988 111,105 | 41,511 26,727 26.7 

sumed as part of the National Defense | 1989! 120,651 46,940 30,392 31.5 
Stockpile (NDS) program to convert PROJECTED PERFORMANCE 
chromite to ferrochromium. Imports of | 19909 114,353 © 45,286 NA 29.9 
chromite and chromium ferroalloysde- | 1991 = 114,615  #4°46496  # #£#5NA.  306— 

| creased compared with those of 1988. | j992 = =—sti‘(i‘ééC«QSC772O042O2#~7GDB07=t«“‘<‘(2S;*;*~<~;*«(  A!!!!!”!”:*«CSzT! 
United States supply consisted of | j993- ==——S—s*=C<“<i~s~‘:*«~GGCWGB~—*~—“‘“ ‘C‘COUNSCO‘#*S«AW4*SO*#*#€«S©3€<$NA”””~~~«O&42 

recycled and imported chromium mate- | [jjea ‘Revised NANovamiabl 
rials: The United States recycled about ' Contract performance was extended owing to production delays resulting from hurricane damage among other reasons. 

594,000 tons, gross weight, of stainless | Source: Defense Logistics Agency. 

steel scrap and imported about 894,000 7 | 

tons of chromium ore, ferroalloys, TABLE 1 
chemicals, and pigments valued at 

about $430 million. The United States SALIENT CHROMIUM STATISTICS 
exported about 26,000 tons of chro- |. (Thousand metric tons, gross weight) 

mium materials valued at about $31 
million. 1985 1986 1987 1988 1989 

| CHROMITE 

United States: 

TTT mg a Exports 91 84 ] 4 40 

LEGISLATION AND Reexports 3 1 5 1 2 
GOVERNMENT PROGRAMS Imports for consumption 376 443 490 615 525 

re Consumption | 508 388 "506 "551 561 
In accordance with the President’s No- Stocks, Dec. 31: Consumer 272 285 "332 390 392 

vember 1982 directive and Public Law World production "10,935 "11,547 11,355 P 12,167 11,901 

99-591, the Defense Logistics Agency CHROMIUM FERROALLOYS® 
(DLA) continued to upgrade NDS United States! 

chromium ore to high-carbon ferro- _Production® 0 ST 

chromium. DLA reported conversion | Exports. SSB 
of chromium ore to ferrochromium on | _Reexports| 
a calendar year contract basis. DLA | _!mportsfor consumption 304 3861 08 
signed a contract with Macalloy Corp., Consumption 335 331 396 413 355 
Charleston, SC, to upgrade NDS chro- Stocks, Dec. 31: Consumer 29 29 23 30 20 

mium ore into high-carbon ferrochro- | World production?’ 3,099 "3,076 3,244 P3,035 © 3,363 

mium. The contract period covers the | ‘Estimated. Preliminary. ‘Revised. - | 

years 1990 through 1994, the last 2 2tneindes chromiom mesa, cnochermie chroniius eidltives, and other miscellaneous alloys. 

years of which are optional for DLA. 3 As reported in the Ferroalloys chapter. 
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DLA made a contract with Elkem | : : | | Under severe price pressures resulting 
, STRATEGIC | , 

Metals Co., Marietta, OH, to upgrade ar from primary chromium shortages, recy- 
NDS _nonspecification grade low- CONSIDERATIONS cling of consumer materials could add to 
carbon ferrochromium into electrolytic oe the supply. 
(vacuum melting grade) chromium | Supply Security | Chromite ore must be converted to 
metal. The conversion of NDS non- | There is no primary production of | ferrochromium before it can be used to 
specification-grade low-carbon ferro- | chromium in the United States, and | make steel. Prompt response during a 
chromium to vacuum melting grade | primary consumption of chromium by | national defense emergency requires 
electrolytic chromium metal is a new | US. industry is by companies that use | that conversion be carried out by do- 
program. Elkem was awarded the $7.2 | chromite to produce refractories, chro- | mestic industry. However, domestic fer- 

| million contract to convert 2,129 tons | mium chemicals, and ferrochromium, | rochromium production capacity is not 
of low-carbon ferrochromium to about | and chromium metal producers that | adequate to meet anticipated domestic 
1,043 tons of chromium metal over | use ferrochromium or chromic oxide. | demand under mobilization condi- | 

a 1-year period starting. in December | Long-term chromium supply is abun- | tions. To ensure prompt response to a 
1989. dant. However, supply sources are few | national defense emergency using the 
DLA initiated a 26-month program | and remote from the United States, | NDS, the President chose to convert 

to evaluate plasma smelting technology. | making supply vulnerable to disrup- | stockpiled chromite ore to ferrochro- 
DLA planned to select a smelting | tion. The problem for the United States | mium. (See Legislation and Govern- 
method, plan a test program, construct | is one of national security. Ferrochro- | ment Programs section of this report.) 
a test furnace, conduct a test program, | mium is essential to stainless and alloy | | 
and employ the program’s results to | steel production, which are in turn essen- | 
design a commercial-scale smelting fur- | tial to both the domestic economy and to | —--- SSCS 
nace. The program was being carried | the production of military hardware. ISSUES | 
out by South Carolina Research Au- TTT 
thority, Macalloy Corp., Massachusetts | Stockpile oe 
Institute of Technology, Clemson Uni- The NDS primarily contains chro- Ferrochromium production capacity 
versity, and Arthur D. Little Inc. - mium source material in the form of | in 1989 increased significantly. Strong 

The Department of State reviewed | chromite ore, chromium ferroalloys, | demand for ferrochromium, resulting 
the status of chromium with respect to | and chromium metal. The purpose of | from high levels of stainless steel produc- 
the Comprehensive Anti-Apartheid Act | the NDS is to supply military, essential | tion worldwide in 1987-89, resulted in 
(Public Law 99-440). In January 1987, | civilian, and basic industrial needs of | ferrochromium plant expansions and 
the Department of State found chro- | the United States during a national | new plant construction. Since 1970, the 
mium (including ferrochromium) to be | defense emergency and by. law cannot | trend has been for ferrochromium pro- 
a strategic mineral essential for the | be used for economic or budgetary | duction capacity to move from major 
economy or defense of the United | purposes. In addition to private and | stainless steel-producing countries (Ja- 
States, unavailable from reliable and | Government stocks, there exists a large | pan, Western Europe, and the United 
secure suppliers. The Department of | unreported inventory of chromium con- | States) to major chromium ore-pro- 
State continued this classification of | tained in products, trader stocks, and | ducing countries (the Republic of South 
chromium (including ferrochromium) | scrap. The amount of these stocks varies | Africa, Zimbabwe, Turkey, Philippines, 
as a result of its review.' with demand and price of the material. | and Finland). This has occurred through 

The Occupational Safety and Health 
Administration (OSHA) reviewed health, 
risk, and feasibility evidence for chro- 
mium metal, chromic acid and chro- TABLE 2 
mates, and chromyl chloride. As a re- | | 7 | 
sult of their review, OSHA decided to U.S. GOVERNMENT STOCKPILE GOALS AND YEAREND 

retain the previous exposure limit for INVENTORIES FOR CHROMIUM IN 1989 

chromium metal (8-hour time-weighted (Thousand metric tons, gross weight) 
average value of 1 milligram per cubic 
meter) and chromic acid and chromates | ee tcorvys tS 

“4: _ 3 ysical inventory 
(ceiling exposers limit of 0.1 mg/m”). Material Stockpile Stockpile. Nonstock 
OSHA decided to make rules for chro- goals erade pile. crade Total 
myl chloride exposure. Chromite, metallurgical ~=~=C=~C*~=“‘=~«~iiC‘SS*~“‘*‘“‘SC™C‘wd*«SSOS*~‘“‘#U‘(‘CS(ONNNSNO#*«‘s~é«w;«GwL 

Congress authorized the President to | <7, ees 
. Chromite, chemical 612 220 — 220 

revise the goal for refractory-grade | ——@ ——— —H!_—_—__—— 
chromite ore in the NDS to 630,000 | Chromite, refractory 0 7LC BSD 
metric tons as part of the National | High-carbon ferrochromium 168 BL 
Defense Authorization Act for Fiscal | Low-carbon ferrochromium 68 272 17 289 
Years 1990 and 1991. At yearend, the | Ferrochromium-silicon 82 52 I 53 

authorized change had not been | Chromium metal 18 3 — 3 

adopted.? Source: Defense Logistics Agency. 
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the creation of new plants or furnaces in TABLE 3 
chromium ore-producing locations and | PRINCIPAL U.S. PRODUCERS OF CHROMIUM PRODUCTS IN 1989, 
the closure of furnaces in geographic | | BY INDUSTRY | 
areas where ferrochromium production | 

| was formerly strong. The expansion of - [ndustryandcompany.~~~SO*CS~*~CS~SCS*S:*S:SS@ant 
world annual gross weight production | ————— 7 
capacity by about 530,000 tons in 1989 | Méetallursicaly 
has continued that trend. This expansion | _El!kem AS, Elkem MetalsCo. ss Maarietta, OH, and Alloy, WV. | 
represented in the range of 10% to 15% | _MacalloyCorp, Charleston, SC, 
of world capacity of the previous year Shieldalloy Metallurgical Corp. Newfield, NJ. | 

and continues the historic trend. The Moore McCormack Resources Inc., Globe | 
largest addition to national annual ca- | __Méetallurgical Inc, CéBeverlywOH 
pacity was in the Republic of South |- Satra Concentrates Inc. Steubenville, OH. 

Africa where 290,000 tons, about 20% to SKW Alloys Inc. Calvert City, KY, and Niagara Falls, NY. 
25% of that country’s capacity in the | Refractory: | - 
previous year, was added. Three-fourths General Refractories Co. Lehi, UT. | 
of the new capacity was located in chro- ~ Harbison-Walker Refractories, adivisionof #8. 
mium ore-producing countries. An addi- Dresser Industries Inc. Hammond, IN. oe | 
tional 400,000 tons of annual ferrochro- National Refractories & Mining Corp. Moss Landing, CA, and Columbiana, OH. 
mium production capacity had been ~ North American Refractories Co.Ltd. ~~~=Womelsdorf,PA. 
anticipated to be brought into produc- | Ghemical. 

Hoe OF Which was to have | “american Chrome & Chemicals Inc. ——~—~—=<Corpus Christi, TX. 
een In chromium ore-producing coun- Occidental Chemicals Corp. ~~ Castle#HHayne, NC. st—=<C=Sst‘S™~*~*~™S 

tries. An additional 400,000 tons of an- | ————————"—"""» ~The 
nual production capacity has been | : 
planned for 1991 or later. The supply : | | 
shortage was estimated to have been 
about 200,000 tons in 1988 or about 5% | 
of 1988 world production capacity. | | 
Stainless steel is the major chromium end a 
use. With stainless steel production , 7 | ; | 
growing at a long-term average annual | TABLE4-— = | 

rate of 3% to 4%, it is estimated that it PRODUCTION, SHIPMENTS, AND STOCKS OF CHROMIUM 
will take about 5 years for demand to | FERROALLOYS AND CHROMIUM METAL IN THE UNITED STATES catch up with 1989 and 1990 added ca- - - 
pacity. Experience shows that short-term | __ (Metric tons) 
variations in chromium consumption | 
and production can be significantly Net production Net Producer 
larger than long-term trends. Material Gross Chromium shipments stocks, 

weight content Dec. 31 
ggg: 

PRODUCTION Low-carbon ferrochromium 

High-carbon ferrochromium 109,504 67,739 107,003 6,040 

The major marketplace chromium Chromium concentrate __ 
materials are chromite ore and chro- _Ferrochromiumesilicon 
mium metal, ferroalloys, and chemi- | —Chtomium metal ‘10,141 9,343 8,496 2,791 
cals. In 1989, the United States pro- | Othe’ _ _ _ 
duced chromium metal, ferroalloys, | _ Total si 9, 645 __73,282 _ 115,499 _ 8,831 

| and chemicals, but no chromite ore. 1989: 
Chrome Corp. of America (previously Low-carbon ferrochromium 

called Chrome Corp. International), a High-carbon ferrochromium 137,997 84,938 129,181] 15,199 
subsidiary of Boulder Gold (Australia), Chromium concentrate 
entered a joint venture with Dynamic | ~ Ferochromiumsilicon 

Capital Corp. (Canada) to conduct a | “Chromium metal ——~—~S*SSC«*«BAT 5,135 6,180 5,276 
feasibility study of mining chromite from Other! 
the Stillwater Complex (Montana) and Tol OSCSSs«C 90,073 735,361 30,475 
producing ferrochromium. The study | ——""' =n 
was planne d to be complet ed in 1991. Includes exothermic chromium additives and other miscellaneous chromium alloys. 

Chrome Corp. estimated that production 
could start in 1993. 
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Macalloy Corp. won a contract from TABLE 5 

the DLA to convert NDS chromium ore CONSUMPTION OF CHROMITE AND TENOR OF ORE USED BY 
into high-carbon ferrochromium. (See PRIMARY CONSUMER GROUPS IN THE UNITED STATES 
Legislation and Government Programs 

section of this report.) Production at | Ghemicaland.~~—~—~S~«é«<&RRfractctorys— a tt tt™ 

Macalloy’s Charleston, SC, plant was metallurgical industry : industry Total 
interrupted by Hurricane Hugo. The | Year © Gross —=SAverage: Gross Average Gross Average 
plant did not suffer significant dam- weight Cr,03 weight Cr,03 weight Cr,0; 

age; however, electrical energy supply ____(metric tons) (percent) (metric tons) _(percent) _ (metric tons) __(percent) 

was interrupted for several days. i985 449,216 4S 59,189 38 508,406 AN 

Elkem Metals Co. won a contract | 1986 342,281 40.3 45,3038 37-1 387,584 40.2 
from the DLA to convert NDS non- | 1987 "458,536 41.0) 47,586 39-9 506,122 40.9 
specification-grade low-carbon ferro- 1988 "494,713 42.8 * 55,923 38.9 550,636 42.4 

chromium into chromium metal. (See | 1989 516,931 42.8 43,780 39.5 560,711 42.6 

Legislation and Government Programs | ‘Revised. | 
section of this rep ort.) Elkem started a ' Data may not add to totals shown because of independent rounding. 

second furnace with a capacity of a 
17,000 tons per year. Excess supply of | | | 

ferrochromium by yearend resulted in 

Elkem closing down both of its ferro- 

chromium-producing furnaces. 

) TABLE 6 | 

$$ U.S. CONSUMPTION OF CHROMIUM | | 

CONSUMPTION AND USES FERROALLOYS AND METAL IN 1989, BY END USE 

(Metric tons, gross weight) 

Domestic consumption of chromite | 2? 

ore and concentrate was 560,711 tons in __Ferrochromium _ Ferro- ; 

1989. Of the total chromite consumed, End use Low- High- | oom Other Total 

the chemical and metallurgical industry carbon” carbon 

used 516,931 tons, and the refractory | Stee -_-_ =~ 
industry, 43,780. Much of the chromite | —C@fom 2990 3,963 207 252° 7,4 
consumed and ferrochromium pro- | —Stinless and heat-resisting 8,274 265,325 6,837 196 280,633 

duced by the metallurgical industry | _Fulalloy 4,997 25,589 1,263 37 31,886 
were part of the NDS conversion pro- | _High-strength, low-alloy | 
gram. (See Legislation and Govern- __and electric 828 | 2,452 8,036 2 12,438 

ment Programs section of this report.) Took 84° 3,318 WwW 4,165 

Chromium has a wide range of uses in Castirons 397 6,477 26 ° 7,105 

‘the three primary consumer groups. In | Superalloys 98 4,951 — 3,592 11,677 

the metallurgical industry, its principal | Welding materials® 432 583 — 136 1,151 
use in 1989 was in stainless steel. Of the | Other alloys? 108 779 — 2,026 3,913 
360,962 tons of chromium ferroalloys, Miscellaneous and unspecified 313 131 — #6 93 ___ 582 

metal, and other chromium-containing Total? ° 25,018 313,169 16,415 76,359 360,962 

materials reported consumed, stainless | _ Chromium content 17,231 186,003 5,901 5,161 214,296 

steel accounted for 78%; full-alloy steel, | Stocks, Dec. 31, 1989 4,421 14,266 425 8 833 19,945 

9%; and other end uses, 13% . The pri- W Withheld to avoid disclosing company proprietary data: included with “Miscellaneous and unspecified.” 

mary use of chromium in the refractory | Fre: na can 
industry was In the form of chromite to 3 Data may not add to totals shown due to independent rounding of converted units. 

make refractory bricks to line metallurgi- ‘Includes structural and hard-facing welding material. : 

c al fu races. Chr omit ec onsumpti on by ° es cuiting materials and magnetic, aluminum, copper, nickel, and other alloys. 

‘the refractory industry decreased to | 7inctudes 4,676 tons of chromium metal. 
43,780 tons. 8 Includes 640 tons of chromium metal. 

The chemical industry consumed : 

chromite for manufacturing sodium bi- 

chromate, chromic acid, and pigments. 
Sodium bichromate is the material 
from which a wide range of chromium 

chemicals are made. 
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STOCKS TABLE 7 

TO U.S. CONSUMER STOCKS OF CHROMITE, 

CHROMIUM FERROALLOYS, AND METAL, DECEMBER 31 
‘Reported consumer stocks of chromite 

in the United States increased from (Metric tons, gross weight) 
389,621 tons in 1988 to 392,273 tons in 

1989. Chemical and metallurgical in- Industry 1985 1986 1987 1988 1989 
dustry stocks increased, as did refrac- | Chromite: - | | 
tory industry stocks. Producer stocks Chemical and metallurgical 228,204 249,291 308,870 °366,268 368,482 
of chromium ferroalloys, metal, and | “Refractory +~—~—=—«44,121.—=S«=—=—«35,379 = 23,144 = 23,353-—S«(23,791 
other materials increased from 8,831 | aoapstst<“<is=SCStst‘isCSttSS 272,325 284,670 332,014 389,621 392,273 
tons in 1988 to 20,475 tons in 1989. Chromium ferroallov and metal. = => — == 
Consumer stocks decreased from | ————— 
30,425 tons in 1988 to 19,945 tons in | —LOwcarbon ferrochromium 4,973 4,989 3,169 1683 +42) 
1989. At the 1989 annual rate of chro- | —High-carbon ferrochromium 21,877 20,840 18,023 23,135 14,266 
mium ferroalloy and metal consump- | _Ferrochromium-silicon «1,169 1,324 505 647 425 
tion, producer plus consumer stocks | _ Other’ 1,161 1,607 826 960 _—833 
represented about a 6-week supply. Total? 29,181 28,756 22,524 30,425 19,945 

Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys. 
. 2 Data may not add to totals shown because of independent rounding. 

PRICES 

The price of chromite increased 
| steadily until December when it de- 

clined slightly. The published price of 
South African Transvaal chromite, : TABLE 8 ; 

44% CrO3 (no specific chromium-to- | PRICE QUOTATIONS FOR CHROMIUM MATERIALS AT BEGINNING 
Iron ratio), increased from a range of AND END OF 1989 
from $50 to $56 per ton, f.o.b. South 
African ports, to a range of from $60 to. | — STS 
$66 in March, to a range of from $68 to —____Materral 0 Sanuary December __ 
$72 in September, where it remained | ——————-_______—C‘i MS per pound Of Chromium 
until December when it declined to a | High-carbon ferrochromium: , 
range of from $60 to $65. The pub- | _Domestic: 
lished price of Turkish ore increased 50% to 55% chromium 50.25 50.25 
from a range of from $150 to $180 per 66% to 70% chromium 52 52 
ton, f.o.b. Turkish ports, to a range of Imported: 

‘$230 to $255 in-April, then decreased to 50% to 55% chromium 88 - 93 52 - 55.5 
_| a range of from $185 to $200 in Sep- | ~ 60% 1065% chromium © ©4»938 -O07... <S@].O 545 

tember, followed by a further decrease Low-carbon. 
in December to a range of from $175 to Domestic 
$185. _Pomestics 

The published price of domestic 0.025% carom OO 
high-carbon (50% to 55% and 66% to | ——®:05" carbon 
75% chromium), low-carbon (0.025% | Simplex OG GH 
and 0.05% carbon), and simplex low- | _!mported: 0.05% carbon 120-126 MH 105 
carbon ferrochromium remained un- Cents per pound of product 
changed. The price of chromium metal | Electrolytic chromium metal 375 395 

increased from $3.75 per pound to | Source: Metals Week. : 
$3.95 per pound in August, where it 
remained through December. 

The price of imported high-carbon 
(50% to 55% and 60% to 65% chro- . 
mium) and low-carbon (0.05% carbon) 

ferrochromium decreased almost month- | creased from a range of from 88 to 93 | of from 93 to 97 cents to a range of from 
ly following 2 consecutive years of rising | cents per pound of contained chromium | 51 to 54.5 cents; and low-carbon ferro- 
imported ferrochromium prices. The | toarange of from 52 to 55.5 cents during | chromium, from a range of from 120 to 
published price of high-carbon ferro- | the year; high-carbon ferrochromium | 126 cents to a range of from 94 to 105 
chromium (50% to 55% chromium) de- | (60% to 65% chromium), from a range | cents. 
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TABLE 9 

FOREIGN TRADE 
iin U.S. EXPORTS AND REEXPORTS OF CHROMIUM ORES 

, AND CONCENTRATES | 
Chromium material exports from and | 

imports to the United States included | ———— OO asOCrvrvY OTT 

° ‘ Exports Reexports 
chromite ore and chromium metal, fer- Year “Quantity CTW Quantity Tame 

° . : uantity alue ue 
roalloys, chemicals, and pigments. (metric tons) (thousands) (metric tons) (thousands) 

9G 83,559 4,143 1,322 | 511 

WORLD REVIEW sy AS O78 
1988 3,931 1,430 1,032 320 

Industry Structure 1989 40,445 5,014 2,375 351 

Brazil, Finland, the Republic of South | Source: Bureau of the Census. | 

Africa, and the U.S.S.R. are countries | 

that mine chromite, produce ferro- 
chromium, and produce stainless steel. 

TABLE 10 

U.S. EXPORTS OF CHROMIUM MATERIALS, BY TYPE | 

a 

| 1987 1988 1989 

Year Gross weight Gross weight Gross weight Value Principal destinations, 1989 

. (metric tons) (metric tons) (metric tons) (thousands) 

Chromite ore and 1,145 3,931 40,445 $5,014 Sweden (60%); Federal Republic of 

concentrate Germany (28%); Mexico (7%); 

| Canada (5%). 

Metal and alloys: 

Chromium metal! 376 318 196 4,097 Japan (45%); Mexico (15%); Federal 

| Republic of Germany (12%); 
Netherlands (10%); Canada (4%); 

Italy (4%). 

Chromium ferroalloys 34,144 48,041 >9 464 11,037 Canada (51%); Mexico (38%). 

Chemicals: 

Chromium oxides: . 

Chromium trioxide® 4,086 4,174 3,929 8,120 Canada (22%); Venezuela (8%); 

Thailand (6%); Mexico (5%). | 

Other (’) (’) 448 2,822 Mexico (33%); Singapore (17%). 

Chromium sulfates (’) (’) 1 39 Canada (95%); Indonesia (5%). 

Salts of oxometallic or 

peroxometallic acids: 

Zinc and lead 

chromate (’) (’) 152 1,774 Canada (30%); United Kingdom (10%). 

Sodium dichromate® 15,019 19,977 18,556 10,397 Italy (33%); Colombia (16%); 

Thailand (14%); China (8%); 

Taiwan (5%); Republic of Korea (4%). 

Potassium 9 27 46 58 Italy (34%); Canada (33%); Republic of 

dichromate” Korea (25%). 

Other chromates, 

dichromates, and 
peroxochromates (’) (’) 171 416 — 

Pigments and preparations 3,216 3,239 2,264 7,654 Philippines (23%); Federal Republic of 

| Germany (22%); Canada (9%); 

Singapore (9%); Australia (6%). 

' Wrought and unwrought and waste and scrap in 1987-88. Articles thereof and waste and scrap in 1989. 

Includes high-, medium-, and low-carbon ferrochromium and ferrochromium-silicon. 

3 Contained 2,488 tons of chromium. 

4 Contained 4,845 tons of chromium. 

> Contained 5,647 tons of chromium. 

© Chromic acid in 1987-88. 
7 This category is not applicable before 1989. As a result of conversion to the Harmonized Tariff Schedule in 1989, this category was introduced. 

8 Included sodium chromate in 1987-88. 

9 Included potassium chromate in 1987-88. 

Source: Bureau of the Census. 
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In Finland, Outokumpu Oy, a major | American, an investment company, Op- Bahia S.A. (FERBASA), Pajuca, Ba- 

share of which is state-owned, owns | erates a ferrochromium smelter, Con- | hia. Stainless steel is produced by Com- 

and operates chromite mining, ferro- | solidated Metallurgical Industries | panhia Acos Especiais Itabira, Itabira, 

chromium production, and stainless | (CMI), through Johannesburg Consol- Minas Gerais. Other chromite opera- 

steel production facilities, making it | idated Investment Co. Two other com- | tions in Brazil are also vertically inte- 

completely vertically integrated. In the | panies in the Republic of South Africa, | grated. Bayer AG (Federal Republic of 

Republic of South Africa, Barlow | Chromecorp Technology and Purity | Germany) owns a chromite mining and 

Rand, an investment company, owns | Minerals, have chromite mining and chromium chemical production opera- 

chromite mining operations (Rand | ferrochromium production operations. tion. Refractory chromite operations 

Mines) and ferrochromium and stain- | Bayer AG (Federal Republic of Ger- | are also vertically integrated from 

less steel production facilities (Middel- | many) owns a chromite mining and | chromite production through refractory 

burg Steel and Alloys), making it the | chromium chemical production opera- | material production. In the U.S.S.R., 

only completely vertically integrated | tion. Refractory chromite operations | chromite mining, ferrochromium pro- 

chromium producer in the Republic of | are also vertically integrated from duction, and stainless steel production 

South Africa. Gencor, an investment | chromite production through refrac- | are state-owned. 

company, owns chromite mining oper- | tory material production. In the Re- 

ations and ferrochromium production | public of South Africa, the chromium- Capacity 

facilities through South Africa Manga- | related companies are privately owned. The data in table 15 are rated capaci- 

nese Amcor Ltd. (Samancor). Saman- | Typically, major shares of a company | ties for major countries that mine chro- 

cor owns chromite mining operations | are owned by other companies, and the | mium ore, produce ferrochromium, 

through its subsidiary Cromore and | remainder, if any, are openly traded. In | primary chromium chemical, and chro- 

owns ferrochromium smelters (Tubatse | Brazil, the mining and smelting of | mium metal as of December 31, 1989. 

and Ferrometals). Associated Ore and | chromium is vertically integrated, but Rated capacity is defined as the maxi- 

Metals Corp. owns chromite mining | stainless steel production is indepen- | mum quantity of product that can be 

operations through Rustenburg Devel- | dent of the mining-smelting opera- produced in a period of time on a 

Opment Corp. and operates a ferro- | tions. The major mining companies are | normally sustainable long-term operat- 

chromium smelter (Feralloys). Anglo | subsidiaries of Cia. de Ferro Ligas da ing rate, based on the physical equip- 

TABLE 11 

U.S. IMPORTS FOR CONSUMPTION OF CHROMITE, BY COUNTRY 

a I 

Not more than 40% Cr,O, ree than 46% Cr.0, 46% or more Cr,O, Total’ 

Country Gross Cr,0, Value Gross Cr,0; Value Gross Cr,O, Value Gross Cr,O, Value 

| weight content (thou- weight content (thou- weight content (thou- weight content (thou- 

(metric (metric (metric (metric (metric (metric (metric (metric 

tons) tons) sands) tons) tons) sands) tons) tons) sands) tons) tons) sands) 

1988: | 

Finland — — — 30,904 13,908 $1,792 — — — 30,904 13,908 $1,792 

New Caledonia — — — — — — 4,200 2,291 $664 4,200 2,291 664 

Philippines 17,699 6,601 $1,660 — — — 2,000 700 197 19,699 7,301 1,857 

South Africa, 

Republic of 50,361 17,021 2,323 145,968 65,306 7,684 190,254 96,116 9,618 386,583 178,443 19,625 

Turkey 94,137 34,560 5,816 44,775 18,406 8,482 17,018 7,846 3,096 155,930 60,812 17,394 

U.S.S.R. 13,016 4,946 593 — — — 5,000 2,300 392 18,016 7,246 985 

Total ' 175,213 63,128 10,392 221,647 97,620 17,958 218,472 109,253 13,967 615,332 270,001 42,317 

1989: meee EEE EE 

Canada 27 5 2 — — — 18 4 4 45 9 6 

Japan — — — — — — 4,498 2,024 360 4,498 2,024 360 

New Caledonia — — — — — — 3,500 1,921 529 3,500 1,921 529 

Pakistan 4,025 1,490 322 5,522 2,414 911 3,117 1,434 608 12,664 5,338 1,841 

Philippines 17,030 6,396 1,694 — — — 4,841 2,490 525 21,871 8,886 2,219 

South Africa, 

Republic of 74,219 28,217 4,654 133,432 59,870 9,680 159,917 80,225 11,339 367,568 168,312 25,673 

Turkey 36,500 13,185 3,412 36,450 15,222 4,783 30,732 17,159 4,290 103,682 45,566 = 12,485 

U.S.S.R. 6,478 2,494 264 — — — 4,738 2,388 574 11,216 4,882 838 

Total ! 138,279 51,787 10,347 175,404 77,506 15,373 211,361 107,645 18,228 525,044 236,938 43,949 

' Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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ment of the plant, and given acceptable | could be exploited. (For further informa- | plant at the Bulqiza Mine in the Dibra 
routine operating procedures involving | tion on reserves, reserve base, and re- | district. 
labor, energy, materials, and mainte- | sources internationally, see Geology- A new ferrochromium smelter, under 

| nance. Capacity includes both operat- | Resources section of this report.) _| construction at Elbasan, was planned 
ing plants and plants temporarily to have three electric furnaces and to 

| closed that, in the judgment of the | Albania — have an annual production capacity of 
| author, can be brought into production Albania increased its chromium ore | about 38,000 tons. At full production 

within a short period of time with | reserves as a result of surveys con- | the plant would consume about 
minimum capital expenditure. Since | ducted in 1988. A new chromite deposit | 100,000 tons of chromium ore. Ore for 
not all countries or producers make | was discovered near the Alarup Mine in | the plant was planned to come from the 
production capacity information avail- | the Pogradec district, near Pojska | Librazhd and Pogradec districts. Alba- 
able, historical chromium trade data | about 115 kilometers southeast of Ti- | nia continued to operate its ferrochro- 
has been used to estimate production | rana. Albania commissioned the Lu- | mium smelter at Burrel. 
capacity. cana Mine and two others in the 11 Albania and Gesellschaft fiir Elec- 

Heronjte mining complex in the Mat | trometallurgy (GfE) of Federal Repub- 
Reserves district. Albania operated the Prenjas | lic of Germany made a long-term mar- 

The United States has no chromium | Mine in the Librazhd district and mines keting agreement. GfE had _ used 
ore reserves. However, the United States | in the Kukes district. Construction con- | Albanian ore along with Turkish ore to 
has a reserve base and resources that | tinued on the chromium ore processing | produce high- and low-carbon ferro- 

ae | TABLE 12 . 

U.S. IMPORTS FOR CONSUMPTION OF FERROCHROMIUM, BY COUNTRY 

| (not over 3% carbon) (over 3% and not over 4%) (over 3% carbon) (all grades) 
| Country Gross Chromium Value Gross Chromium Value Gross Chromium Value Gross Chromium Value 

weight content weight content weight content weight content 
(metric (metric (thou- (metric (metric (thou- (metric (metric (thou- (metric (metric (thou- 
tons) tons) sands) tons) tons) sands) tons) tons) sands) tons) tons) sands) 

1988: 

: Albania — — — (4 (*) (*) 1,950 1,228 $1,286 1,950 1,228 $1,286 
Austria _ 3 2 $5 (*) (*) (*) — — — 3 2 5 
Brazil — — — 4 (*) (*) 10,108 5,280 9,269 10,108 5,280 9,269 
Canada — — —~ (*) (*) 10 7 33 10 7. 33 
Chile — _ — () (*) (*) 684 478 832 684 478 832 
China 1,624 1,116 2,285 = (4) (*) (*) 13,350 8,686 10,983 14,974 9,802 13,268 |. 
France — — —~ (4 (*) e) 4,934 3,362 3,641 4,934 3,362 3,641 
Germany, Federal 

___ Republic of 15,605 11,115 24,908 (4) e) (*) 1,947 1,276 1,738 17,552 12,391 26,646 
Greece — — — (*) (*) 10,107 6,145 7,713 10,107 6,145 7,713 

| Hong Kong — — — (*) (*) (*) 400 264 548 400 264 548 
India 40 29 60 = (4) (*) (*) 1,300 819 1,779 — 1,340 848 1,839 
Italy 1,411 1,031 2,830 §6©(4 (*) (*) 2,070 1,318 1,617 3,481 2,349 4,447 
Japan 549 368 922 (4 (*) (*) 2,875 1,849 3,414 3,424 2,217 4,336 
Mexico — — — (4 (*) e) 2,922 1,962 3,794 2,922 1,962 3,794 
Netherlands — — — (4 (*) (*) 36 26 54 36 26 54 
Philippines — — — (4 (*) (+) 14,767 9,484 15,521 14,767 9,484 15,521 
South Africa, 
Republic of 13,533 7,928 14,914 (4) (*) () 155,963 81,061 91,108 169,496 88,989 106,022 

Sweden 332 239 875 —s (4) (*) (*) 14,490 8,188 10,821 14,822 8,427 11,696 
Switzerland — — —- (4 (*) (*) 515 331 452 515 331 452 
‘Taiwan — — —- (4 (*) (*) 1,792 919 1,570 1,792 919 1,570 
Turkey 7,087 4,941 10,284 (4 (*) (*) 26,518 17,011 25,521 33,605 21,952 35,805 
United Kingdom 303 201 270~—s (4) ) e) 146 91 126 449 292 396 
Yugoslavia 96 68 135 384 (+) (*) 42,388 27,156 39,245 42,484 27,224 39,380 
Zimbabwe 7,856 5,299 6,811 (4) (*) (*) 64,094 42,275 57,689 71,950 47,574 64,500 
Total 5 48,438 32,337 64,300 (4 (4) (4) 373,363 «219,216 —-288,753 421,801 251,553. 353,053 
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TABLE 12—Continued 

U.S. IMPORTS FOR CONSUMPTION OF FERROCHROMIUM, BY COUNTRY 

Low-carbon ! | Medium-carbon? High-carbon? Total 
(not over 3% carbon) (over 3% and not over 4%) (over 3% carbon) . (all grades) 

Country Gross Chromium Value Gross Chromium Value Gross Chromium Value Gross Chromium Value 

weight content (thou- weight _ content (thou- weight content (thou- weight content (thou- 

(metric (metric sands) (metric (metric sands) (metric (metric sands) (metric (metric sands) 

tons) tons) tons) tons) tons) tons) tons) tons) 

1989: 

Australia — — — — — — 243 149 $156 243 149 $156 
__ Brazil — — — — . — — 5,803 3,130 5,236 5,803 3,130 5,236 

Canada 45 26 $61 — — — — — — 45 26 61 
Chile 67 44 96 40 26 $45 500 341 613 607 411 753 
China 1,241 887 1,522 146 78 78 20,582 13,175 19,292 21,970 14,140 20,892 
France — — — — — — 5 3 13 5 3 13 
Germany, Federal : 

___ Republic of 9,956 7,100 18,654 — — — 238 149 438° 10,194 7,250 19,091 
Greece — — — — — — 750 488 952 750 488 952 

India — — — — — — 4,770 3,032 5,806 4,770 3,032 5,806 
Italy 1,375 897 2,040 — — — 2,500 1,540 2,838 3,875 2,437 4,878 
Japan 365 261 1,040 101 66 182 853 557 1,076 —1,319 884 2,298 
Mexico — — — — — — 3,019 1,754 2,296 3,019 1,754 2,296 
Philippines — — — 7,108 4,727 8,825 8,382 5,129 6,938 15,489 9,856 15,762 
South Africa, 
Republic of 8,887 5,277 10,717 6,209 3,941 7,019 124,070 64,662 95,743 139,165 73,880 113,479 

Spain — — — — — — 374 251 260 374 251 260 
Sweden 3,797 3,006 3,982 — — — 8,750 5,009 7,481 12,546 8,015 11,463 
Taiwan — — — — — — 1,215 668 1,149 = 1,215 668 1,149 
Turkey 3,434 2,376 5,036 — — — 36,204 23,143 33,054 39,639 25,519 38,090 
United Kingdom 73 52 128 — — — 34 18 22 107 70 150 

Yugoslavia 256 169 363 — — — 30,625 19,311 30,975 30,881 19,480 31,337 
Zimbabwe 7,684 5,177 7,131 17,300 11,276 19,710 26,732 17,501 29,465 51,716 33,953 56,305 
Total 5 37,180 25,272 50,769 30,903 20,114 35,858 275,650 160,010 243,800 343,732 205,306 330,427 

* Ferrochromium containing not more than 3% carbon but more than 4% carbon. 

3 Ferrochromium containing more than 4% carbon. 

4 This category is not applicable before 1989. As a result of conversion to the Harmonized Tariff Schedule, this category was introduced. . 

> Data may not add to totals shown because of independent rounding 

Source: Bureau of the Census. 

chromium at its Electrowerk Weisweiler | Australia. The company sought a joint- | duction in Bahia State. Caemi’s Vila 
smelter. In exchange for the right to | venture partner to conduct reconnais- | Nova mine started producing chromite 
market a minimum amount of Alba- | sance exploration to confirm the deposit | in Amapa territory. The Vila Nova 
nian ferrochromium annually in the | and develop it. Dragon Resources re- | mine had reserves of 4.49 million tons 
Federal Republic of Germany, GfE was | ported that smelting tests demonstrated | with 34% average Cr,O, content. 
expected to provide technical advice to | 96% to 98% chromium recovery. Cia. Ferroligas do Amapa continued 
Albania in setting up its new ferrochro- construction of its ferrochromium smelt- 
mium smelting facilities. Brazil er at Porto de Santana. Upon comple- 

Albania made trade agreements with Companhia Auxiliar de Empresas de | tion in 1990, the smelter was to have a 
Bulgaria to supply chromium ore con- | Mineracéo (Caemi) created a subsidiary | ferrochromium production capacity of 

centrates, with China to supply chro- | holding company, Caemi Mineracdo e | 19,000 to 20,000 tons. Ferrochromium 
mium ore and concentrates, and with | Metalurgia, which will own Cia. Ferroli- | production would be interchangeable 
Yugoslavia to supply chromium ore. gas de Amapa, its ferrochromium- | with ferromanganese production. 

producing operation. The new struc- FERBASA planned to invest $140 
Australia ture permits Caemi to obtain foreign | million in Bahia State to construct four 

Dragon Resources Ltd. continued to | investment. hydroelectric plants. Construction of 

develop its Range Well chromium in Magnesita S.A., achromite producer | two plants had received Government 
laterite deposit near Cue in Western | in Goias State, started chromite pro- | approval. FERBASA planned to have 
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TABLE 13 

U.S. IMPORTS OF CHROMIUM MATERIALS, BY TYPE 

NN SW 

1987 1988 1989 

Type Gross weight Gross weight Gross weight Value Principal sources, 1989 
(metric tons) (metric tons) (metric tons) (thousands) 

| | METALS AND ALLOYS | 

Chromium metal: 

Waste and scrap : (’) (') 50 $285 China (68%); United Kingdom (32%). 

Other than waste and 3,952 4,101 4,152 27,305 United Kingdom (31%); Japan (26%); 

scrap” China (20%); France (19%). 

Ferrochromium-silicon _ 37,580 49,710 56,803 4,565 Zimbabwe (100%). 

CHEMICALS 

Chromium oxides and 

hydroxides: 

Chromium trioxide® 2,558 1,542 661 2,727 Italy (53%); Netherlands (33%); China 

(6%); Mexico (6%); Canada (2%). 

Other’ () ) 3,880 10,624 United Kingdom (48%); Federal Republic of 
Germany (27%); Japan (9%); Canada 

(6%). 

Sulfates of chromium () () 313 312 United Kingdom (87%); Turkey (12%). 

. Salts of oxometallic or 

peroxometallic acids: 

Chromates of lead and ?) (’) 607 1,255 Norway (58%); Federal Republic of 

zinc Germany (23%); Hungary (20%). 

Sodium dichromate?® 4,755 3,756 5,489 3,777 United Kingdom (56%); Turkey (18%); 

Republic of South Africa (13%). 

Potassium dichromate® 1,006 1,327 827 1,483 United Kingdom (49%); Federal Republic of 

Germany (25%); U.S.S.R. (24%). 

Other chromates and (‘) () 1,010 2,296 United Kingdom (77%); France (12%); 

dichromates; Turkey (8%); Netherlands (2%). 

peroxochromates 

Chromium carbide 157 68 108 1,203 Federal Republic of Germany (63%); Japan 

(32%); United Kingdom (5%). 

PIGMENTS AND PREPARATIONS BASED ON CHROMIUM | 

Chrome yellow 3,355 3,999 3,688 7,352 Canada (80%); Hungary (15%). 

Molybdenum orange 1,106 1,131 1,046 2,858 Canada (92%); Japan (6%). 

Zinc yellow 1,207 1,098 542 1,166 Federal Republic of Germany (45%); 

Norway (41%); Canada (13%). 

Other? (') (') 687 1,979 Canada (55%); United Kingdom (46%). 

' This category is not applicable before 1989. As a result of conversion to the Harmonized Tariff Schedule, this category was introduced. 

*Includes wrought and unwrought and waste and scrap before 1989. 

3 Contained 2,827 tons of chromium. 

4 Contained 3,885 tons of chromium. 

> Contained 2,756 tons of chromium. 

© Called chromic acid before 1989. 

7 Includes material reported as chromium oxide green or hydrated chromium oxide green before 1989. 

8 Included chromates beform 1989 that are reported under other in 1989. 

° Includes material reported under chrome green, chromium oxide green, hydrated chromium green, or strontium chromate before 1989. 

Source: Bureau of the Census. 

these two hydroelectric powerplants | a means to raise the capital necessary to Canada 

operating by mid-1992. Electrical en- | construct new plants. Canada studied the development po- 

ergy costs had been increasing rapidly tential of its chromium resources. Fed- 

in Brazil. Projections of electrical en- eral and Provincial governments studied 

ergy demand and supply showed a sig- Burma the potential of producing ferrochro- 

nificant shortfall in production by the Burma exported chromium ore con- | mium or stainless steel from chromite 

year 2000. Either private investment or | taining 48% Cr,O3, having a chro- | resources in Manitoba, which produces 

accelerated Government-financed pro- | mium to iron ratio of 1:3, and sized | nickel and has relatively low-cost hydro- 

duction capacity will be required to | between 1 and 6 inches. The develop- electric power available. Canada is 100% 

meet projected demand. Higher electri- | ment of chromium ore resources was | import dependent for ferrochromium. 

cal energy prices have been suggested as | being studied. The Manitoba chromium resource was 
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TABLE 14 

| U.S. IMPORT DUTIES FOR CHROMIUM-CONTAINING MATERIALS IN 1989 

. i ' Most . 

Item “Taft favored Non-MFN oor | Schedule nation CA! AE. 12 
Number (MFN) oo 

Chromium ores and concentrates therefrom: 

Not more than 40% Cr,O, 2610.00.0020 Free Free Free Free 
More than 40% and less than 46% Cr,O, 2610.00.0040 do. do. do. Do. 
Not less than 46% Cr,0, 2610.00.0060 do. do. do. Do. 

Chromium oxides and hydroxides: 

Chromium trioxide . 2819.10.0000 3.7% ad val. 25% ad val. 2.2% ad val. Do. 

Other 2819.90.0000 do. do. do. Do. 

Sulfates; alums; peroxosulfates (persulfates): 

Other sulfates: of chromium 2833.23.0000 do. do. 1.9% ad val. Do. 

Salts of oxometallic or peroxometallic acids: 

Chromates of zinc and lead 2841 .20.0000 do. do. 2.2% ad val. Do. 
Sodium dichromate 2841 .30.0000 2.4% ad val. 8.5% ad val. 1.4% ad val. Do. 
Potassium dichromate 2841.40.0000 1.5% ad val. 3.5% ad val. 0.9% ad val. Do. 

Other chromates and dichromates; 

peroxochromates 2841.50.0000 3.1% ad val. 25% ad val. 1.8% ad val. Do. 
Carbides, whether or not chemically defined: . 

Other: of chromium 2849 .90.2000 4.2% ad val. do. 2.5% ad val. Do. 

Pigments and preparations based on chromium: 

Chrome yellow 3206.20.0010 3.7% ad val. do. 2.2% ad val. Do. 
Molybdenum orange 3206.20.0020 do. do. do. Do. 
Zinc yellow 3206.20.0030 do. do. do. Do. 

Other | 3206.20.0050 do. do. do. Do. 
Metal and alloys: Ferrochromium: 

More than 4% carbon | 7202.41.0000 1.9% ad val. 7.5% ad val. Free Do. 
More than 3% and not more than 4% carbon 7202.49.1000 do. do. do. Do. 

Other (i.e. not more than 3% carbon) 7202.49.5000 3.1% ad val. 30% ad val. do. Do. 
Ferrosilicon chromium 7202.50.0000 10% ad val. 25% ad val. do. Do. 

Other base metals; cermets; articles thereof: 

Chromium: 

Waste and scrap 8112.20.3000 Free Free Free Do. 

Other | 8112.20.6000 3.7% ad val. 30% ad val. 2.2% ad val. Do. 

'United States-Canada Free Trade Agreement. These tariff values were to become effective Jan. 1, 1990. 

2 A Generalized System of Preferences. E Caribbean Basin Ecomomic Recovery Act. IL United States-Israel Free Trade Area Implementation Act of 1985. 

considered an alternative supply source | pected to be completed in June 1990. | end. As a result of the plant expan- 
should current Canadian supply be inter- | Plant construction was expected to be | sions, Outokumpu was expected to in- 
rupted. Federal and Provincial govern- | completed in 1992. crease ferrochromium production ca- 
ments started to evaluate the feasibility pacity to about 200,000 tons per year. 
of recovering chromium from a/ China Outokumpu also planned to reorganize 
chromium-platinum deposit in Coleraine China reported 6.4 million tons of | its chromium-related operations. Effec- 
Township, Quebec. The resource was es- | high-grade chromite resources in Tibet | tive J anuary 1, 1990, the chromium ore 
timated at 1.36 million tons of ore | Autonomous Region. mining operations and the ferrochro- 
graded at 4.5% Cr,O3. mium production facilities were to 

Sherwood Metallurgical Corp. con- | Finland come under Outokumpu Chrome Oy, 
tinued development of its low-carbon Outokumpu Oy continued expansion | an wholly owned subsidiary of Outo- 
ferrochromium smelter in Vancouver, | of chromium ore beneficiation and sin- kumpu Oy. Outokumpu reported 1989 
British Columbia. A construction site | tering facilities. The expanded concen- | production of 0.8 million tons of chro- 
was selected and a Federal-Provincial | trator facilities at the Kemi Mine and | mium ore excavated (down from 1.1 
environmental review process was be- | the new sintering plant at the ferrochro- | million tons in 1988), 169,000 tons of 
gun. The environmental review was ex- | mium works started operation by year- | ferrochromium (up from 156,000 tons 
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TABLE 15 

WORLD CHROMIUM RESOURCES,! AND ANNUAL PRODUCTION CAPACITY OF CHROMIUM ORE, 

FERROCHROMIUM, CHROMIUM METAL, AND CHROMIUM CHEMICALS IN 1989 

(Thousand metric tons, contained chromium) 

NN 

Resources ” Annual production capacity 

Reserves arse Identified | Ore chen m Metal Chemicals 

Albania 1,900 1,900 6,300 244 28 — — 

Argentina — — — — — — 7 

Australia — 500 500 — — — — 

Brazil 2,300 4,900 4,900 98 77 ) 7 

Canada — 1,100 1,100 — — — — 

Chile — — — — 1 — — 

China NA NA NA — 118 2 — 

Cuba 700 700 2,000 11 — — — 

Czechoslovakia — — — — 13 — — 

Finland 8,900 8,900 8,900 211 84 — — 

France — — — — 24 | 2 — 

German Democratic Republic — — — — 10 — — 

Germany, Federal Republic of — — — — 20 1 35 

Greece 400 400 800 18 30 — — 

Greenland — — 26,000 _ — — | — 

Hungary — — — — — — 2 

India 18,100 23,800 23,800 229 126 (*) 5 

Indonesia 200 200 200 12 — — — 

Iran 700 700 17,700 17 — — — 

_ | Italy — — | — — 72 — — 

Japan (°) 100 100 3 215 5 23 

Korea — — — — — — 4 

Madagascar 2,100 . 2,100 2,100 33 — — — 

Mexico — — — — 4 — 5 

New Caledonia — NA NA — — oe — 

Norway — oo — — 53 — — 

Oman NA NA NA 1 — — — 

Pakistan NA NA NA 1 — — 1 

Papua New Guinea — — 2,900 — — — — 

Philippines 2,300 2,300 2,300 60 59 — — 

Poland — — — — 36 — 5 

Romania — — — — 26 — 4 

South Africa, Republic of 295,200 1,704,400 2,973,700 1,505 692 — 5 

Spain — — — — 12 — 6 

Sudan 500 500 500 3 — — — 

Sweden — — — — 136 — — 

Taiwan — — — — 9 — —_ 

Thailand NA NA NA ?) — — — 

Turkey 2,500 6,000 6,800 181 72 — 8 

U.S.S.R 39,600 39,600 40,600 993 276 6 52 

United Kingdom — — — — — 5 24 

United States — 3,100 35,000 — 128 4 58 

Vietnam NA NA NA 3 — — — 

Yugoslavia NA NA NA 1 64 — 5 

Zimbabwe 43,500 285,400 285,400 _ 168 151 = — 

World total ® 418,900 2,086,500 3,441,600 3,792 2,536 25 257 

NA Not available. 
1 World resources derived in consultation with the U.S. Geological Survey. 

Data and total rounded to nearest 100. 
3 The reserve base includes demonstrated resources that are currently economic (reserves), marginally economic (marginal reserves), and some of those that are currently subeconomic (subeconomic resources). 

4 Less than 1/2 unit. 
> Less than 50. 

© Data may not add to totals shown because of independent rounding. 
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in 1988), and 192,000 tons of stainless | the State power company. India | of marketable product. When the ben- 
steel slabs (down from 206,000 tons in | brought 65,000 to 71,000 tons of an- | eficiation plant is fully operational, 
1988). nual production capacity into produc- | marketable chromite output was ex- 

tion through new furnace construction | pected to be about 455,000 tons per 
France (Indian Charge Chrome Ltd.) and fur- | year. TISCO planned to convert one of 

Chromeurope S.A. started produc- | nace conversion (Nav Bharat Ferro Al- | its two 9-megawatt furnaces, used for 
tion from its second furnace. This fur- | loys Ltd.). India had under construc- | ferromanganese production at its fer- 
nace has a power rating of 16 megavolt | tion or planned an additional annual | roalloy plant in Keonjhar District, 
amperes and a production capacity of | ferrochromium production capacity of | Orissa, to a 15-megawatt furnace capa- 
about 25,000 tons per year. Plant ca- | about 240,000 tons. This ferrochromium | ble of producing 15,000 tons of high- 
pacity was about 36,000 tons per year | would be produced in small producers | carbon ferrochromium annually. It was 
with the new furnace. Chromeurope is | through new plants, expansion of exist- | planned to convert the second 9- 
a subsidiary of Ferroaleaciones Es- | ing ferrochromium plants, or the expan- | megawatt furnace, subject to successful 
panolas S.A. (Spain). sion of ferroalloy producers into ferro- | conversion of the first one. Conversion 

chromium production. Should all of this | of the first furnace was planned to be 
Greece planned capacity be constructed, India | completed by the end of 1990. 

Hellenic Ferroalloys SA increased its | would increase its annual ferrochromium OMC had ore reserves of about 
concentrator capacity to accommodate | production capacity by about 140% over | 14,400,000 tons of over 40% chromic 
additional chromite from new mining | that of 1988 and would move from being | oxide ore down to 100 meters. Annual 
operations in the Rizo area. The concen- | the world’s fifth largest production ca- | production capacity was about 300,000 
trator is near Skoumtsa. The new mining | pacity country to second to the Republic | tons, with historical production of 
operation was expected to produce about | of South Africa, passing Zimbabwe, | 212,000 tons in 1985, 213,000 in 1986, 
150,000 tons per year of chromium ore | the U.S.S.R., and Japan. and 300,000 in 1987. OMC was build- 
compared with 170,000 tons provided in ing a beneficiation plant, to begin op- 
1988 by current mining operations in the Chromium Ore.—Major chromium | eration in 1991, that could add 90,000 
Kozani area. From the 170,000 tons of | ore producers in India included: Tata | tons to its annual production. 
run-of-mine chromium ore produced in | Iron and Steel Co. (TISCO), Orissa OMC Alloys, a subsidiary of Orissa 
1988, Hellenic Ferroalloys produced | Mining Corp. Ltd. (OMC), and Mysore | Mining Corp., operated a ferrochro- 
31,750 tons of concentrate graded at | Minerals Ltd. (MML). TISCO and | mium plant at Bamnipal, Orissa, pro- 
49% Cr,0; and 44,147 tons of high- | OMC produced in Orissa and exported | ducing high-carbon ferrochromium | 
carbon ferrochromium. Fimisco, a re- | through the port of Paradip. MML | with an annual production capacity of 
fractory company, produced 15,000 tons | produced in Karnataka and exported | about 50,000 tons. Owing to limited 
of refractory grade chromite ore from | through the port of New Mangalore. power supply, OMC produced only at 
mines at Eretria. TISCO had reserves of about | about 50% of its rated capacity. OMC 

9,460,000 tons of over 40% chromic | continued construction of a beneficia- 
India oxide ore down to 60 meters. TISCO | tion and briquetting plant for comple- 

| practiced mechanized mining and hand | tion in 1990. The beneficiation plant 
Summary.—India was making major | sorting. Annual production capacity | was planned to have an annual produc- 

developmental changes in its chromium | was about 300,000 tons, with historical | tion capacity of about 80,000 tons, 
industry. New chromium ore mining | production by financial year of 132,000 | the briquetting plant, 50,000 tons. 
capacity, beneficiation plants, ferro- | tons in 1985, 165,000 in 1986, 157,000 | OMC planned to build a 16-megawatt 
chromium smelters, and_ electrical | in 1987, and 200,000 in 1988. TISCO | electric powerplant composed of two 
power generating plants were being | was constructing a beneficiation plant, | 8-megawatt diesel-powered generators. 
planned, constructed, and put into op- | to begin operation in 1990, that could | The power plant was planned for com- 
eration. In recent years, India has been | add about 100,000 tons to its annual | pletion in 1990 at a cost of about $12.5 
the world’s fourth or fifth largest chro- | production. million. 
mium ore producer. Should India uti- TISCO developed its chromite and MML, with an annual production 
lize about 300,000 tons of planned and | ferrochromium production capacity by | capacity of about 54,000 tons, pro- 
developed capacity expansion, Indian | expanding its mining operations and | duced from a reserve measuring several 
chromium ore production would be | installing a beneficiation plant to up- | hundred thousand tons. 
about | million tons annually. At this | grade chromium ore fines containing 
level of production, India would dis- | 20% to 30% Cr,O, to about 50% Ferrochromium.—Ferro Alloys Corp. 
place Albania as the third largest chro- | Cr,03;. The beneficiation plant was | Ltd. (FACOR) operated a domestic- 
mium ore producer, after the Republic | planned to start operation in March | oriented ferrochromium plant at Shree- 
of South Africa and the U.S.S.R. New | 1990. Mine production was to be ex- | ramnagar, Andhra Pradesh, and an 
ferrochromium production capacity | panded from a rate of about 200,000 | export-oriented plant at Randia, Orissa. 
was coming into production and more | tons per year of friable and lumpy | FACOR also operated chromite mines in 
was planned. Major ferrochromium | market chromite ore to about 350,000 | Orissa. FACOR continued construction 
producers installed or were installing | tons per year. The beneficiation plant | of three 10-megawatt diesel-powered 
captive electrical power generation | was to process about 300,000 tons of | electric generators at its Shreeramnagar 
plants to offset supply shortages from | run-of-mine ore to about 105,000 tons | plant. One generator was tested. The 
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generators were expected to become op- | plant using Outokumpu Oy (Finland) | about $34 million, produce 50,000 tons 

erational in 1990. FACOR planned the | technology to produce about 160,000 | per year of ferroalloys including ferro- 

construction of two 10-megawatt diesel- | tons per year of pellets. The planned | chromium, ferrosilicon, and ferroman- 

powered electric generators at its Randia | annual capacity of the ferrochromium | ganese, and to export about 65% of its 

plant. The new powerplant was expected | smelter was 15,000 tons of high-carbon | production. | 

to be constructed by MAN B&W (Fed- | ferrochromium and 22,500 tons of 
eral Republic of Germany) with a com- | charge-grade high-carbon ferrochro- Iran 

pletion date of late 1990 or 1991. mium. Ispat sought to raise about $80 Iran operated three major chromite 

Indian Metals and Ferro Alloys Ltd. | million to finance these plans. The | mines: the Faryab and Esfandagheh, 

(IMFA) operated a domestic-oriented | company was licensed for an annual | Kerman Province, which are export- 

ferrochromium plant at Therubali, | production capacity of 15,000 tons. oriented, and the Sabzevar in Khorasan 

Orissa, and was constructing an export- Baroda Ferro Alloys planned to build | Province, which supplies the domestic 

oriented ferrochromium plant, Indian | a ferrochromium plant in Gujarat State | chemical industry. Iranian chromium 

Charge Chrome Ltd. (ICCL) at Choud- | with an annual production capacity of | exports were interrupted by the revolu- 

har, Orissa. ICCL completed construc- | about 4,000 tons. Baroda raised $48.5 | tion and the subsequent Iran-Iraq war. 

tion of its electrical power generation | million* in Indian money markets for | The country resumed exporting chro- 

plant, briquetting plant, and electric | this purpose. mium ore following the cease fire in the 

furnace for ferrochromium production. VBC Ferro Alloys Ltd., a ferrosilicon | Iran-Iraq war. 

The powerplant used coal to produce | producer in Medak District, Andhra . 

steam from four boilers that drove two | Pradesh, requested an Indian Govern- | Italy 

turbines rated at 54 megawatts each and | ment license to produce 15,000 tons per Italcromo, a member of the Schlax 

started operation in February. The pow- | year of high-carbon ferrochromium. | group of companies, received approval 

| erplant also supplied power to IMFA’s | VBC ordered a 16.5-megawatt furnace | for financing through GEPI, a state- | | 

ferrochromium plant at Therubali. The | from V/O Thermoexport (U.S.S.R.) and | owned financing company. Italcromo 

electric furnace was rated at 48 megavolt | started operation of three 2.27-megawatt | planned to borrow $15.9 million’ to 

amperes and 60,000 to 65,000 tons per | diesel-powered electrical generators. build a high-carbon ferrochromium 

year production capacity. Misrilal Mines Ltd. planned to build | plant with an annual production capac- 

Industrial Development Corp. Ltd. | a low-carbon ferrochromium plant that | ity of 100,000 tons at Termoli, Molise 

(IDC) operated a ferrochromium plant | would use its own ore production and a | region. Ore was to be obtained from 

at Jaipur Road, Orissa. IDC produced | captive powerplant. Misrilal was li- | Albania. Shipping time was 4 to 6 

low-carbon ferrochromium with an an- | censed to build an electrical powerplant | hours across the Adriatic Sea from 

nual production capacity of about | and a ferrochromium smelter with an | Albania to Termoli. Italcromo negoti- 

10,000 tons. IDC planned to install a | annual ferrochromium production ca- | ated with the local electrical power 

12-megawatt furnace for the produc- | pacity of 15,000 tons. | supplier over electrical power cost. 

tion of high-carbon ferrochromium In addition to those listed above, 
and to build a 9.5-megawatt electrical | eight other companies were licensed by Japan 

powerplant. IDC’s planned annual | the Indian Government to produce fer- Japan continued to operate its two- 

high-carbon ferrochromium capacity | rochromium. Those companies, annual | level stockpiling program. The Japan 

was 15,000 tons. IDC was licensed for | production capacities, and locations | Rare Metals Association operated the 

an annual ferrochromium production | are as follows: Kamini Steel, 25,000 | stockpile under the Metal Mining 

capacity of 15,000 tons. tons in Maharashtra State; Jindal | Agency of Japan, a part of the Ministry 

Srichrome, a ferrochromium pro- | Strips, 15,000 tons in Madhya Pradesh; | of International Trade and Industry. Ja- 

ducer in Andhra Pradesh with annual | Vinod Kumar Garg, 15,000 tons in | pan built a second warehouse, adjacent 

production capacity of about 6,000 | Madhya Pradesh; Kamal Kishore | to the first, at Takahagi City, north of 

tons, started exporting its production. | Shard, 15,000 tons at Madhya Pradesh; | Tokyo. 

Srichrome operated two 3.6-megawatt | Ridhi Sidhi, 15,000 tons in Andhra Japan reported stainless steel pro- 

furnaces. Pradesh; B C Ferro Alloys, 15,000 tons | duction of about 2,711,000 tons in 

. Nav Bharat Ferro Alloys Ltd., ama- | at Andhra Pradesh; A D Monteiro, | 1989. Its ferroalloy industry reported 

jor ferrosilicon producer in India, set | 15,000 tons in West Bengal; and S N | production of about 356,000 tons of 

up a ferrochromium plant in Madhya | Mishra, 15,000 tons at West Bengal. ferrochromium. Japan reported im- 

Pradesh. The plant’s annual capacity ports of 1,043,000 tons of chromium 

was 5,000 to 6,000 tons. Indonesia ore, 477,000 tons of ferrochromium, 

Ispat Alloys Ltd., an Indian ferroal- PT Ispat Alloys, a subsidiary of Is- | and 818 tons of chromium metal. High- 

loy company, planned to enter the fer- | pat Alloys Ltd. (India), planned to | carbon ferrochromium imports had in- 

rochromium production business. Ispat | build a bulk ferroalloys plant that | creased their market share from about 

planned to build a chromium ore pel- | would include ferrochromium produc- | 40% in the early 1980’s to about 60% 

letizing plant and a ferrochromium | tion. Ispat selected a site and identi- | in 1987-88. Over the same time period 

smelter in Balasore District, Orissa, to | fied raw material; electrical power, wa- | (early 1980’s to late 1980’s), the value 

produce high-carbon ferrochromium | ter, and equipment were completed. | of the yen strengthened relative to the 

and charge-grade high-carbon ferro- | Construction was expected to begin in | U.S. dollar, making Japanese-produced 

chromium. Ispat planned a pelletizing | 1990. The plant was expected to cost | ferrochromium less competitive on the 

258 CHROMIUM MINERALS YEARBOOK—1989



eee 

world (and Japanese) market. Japanese | Mexico try. Oman considered building a ferro- 
ferrochromium producers benefited from Compania Minera Autlan S.A. de | chromium plant with an annual pro- 
the worldwide short supply of ferrochro- | C.V., the only ferrochromium producer | duction capacity of 25,000 to 50,000 
mium in 1989, increasing their share of | in Mexico, was taken over by its credi- | tons to process its domestic resources, 
the Japanese market from 41% in 1988 | tor, Mexico’s Government development | should such an operation be feasible. 
to 43% in 1989. bank—Nacional Financiera. The fore- 

The president of Nippon Denko Co. | closure resulted from Autlan’s failure | Philippines 
became chairman of the Japan Ferroal- | to make a scheduled payment on its The Philippines developed chromite 
loy Association. He noted that the | loan. | resources and ferrochromium produc- 
number of workers employed in the tion facilities. High demand for ferro- 
Japanese ferroalloy industry has been | New Caledonia chromium in 1988 and 1989 resulted in 
reduced from a range of 7,000 to 8,000 Chromical, the chromium ore min- | high ferrochromium production in the 
in previous years to about 3,400 in | ing company that operates the Tiebaghi | Philippines and a short supply of chro- 
1989. His goals for the ferroalloy asso- | Mine in New Caledonia, planned to | mium ore. 
ciation were to stabilize prices and im- | close its mining operation from Octo- Under an agreement between the 
prove the competitiveness of Japanese | ber 1989 until 1991. During the closure, | Philippine Government and the United 
producers. Chromical planned to prove new re- | Nations (U.N.), the United Nations Re- 

Japan Metals and Chemicals Co. Ltd. | serves. The Tiebaghi Mine had been in | volving Fund for Natural Resources | 
(JMC) operated two ferrochromium pro- | operation since 1982, producing about | Exploration conducted a resource iden- 
ducing plants: one at Kyushu, Fukouka | 450 tons per day of run-of-mine ore | tification program consisting of com- 
Prefecture, and one at Oguni, Yamagata | containing a range of from 20% to | piling existing data, geological map- 
Prefecture. A third plant, at Sakata, | 50% Cr,O;, which was beneficiated to | ping, trenching, gravimetric surveys, 
Toyama Prefecture, produced ferrochro- | 52% Cr,O0,. Annual production of | and preliminary drilling on Palawan 
mium until 1987, when it was idled. JMC | beneficiated ore was about 80,000 tons | and Dinagat Islands. Dinagat is a ma- 
shifted from production of ferro- | per year. jor chromite mining area. The U.N. 
chromium-containing chromium in the proved 500,000 tons of reserves graded 
range of 60% to 65% to ferrochromium- | Norway at 50% Cr,O, on Dinagat Island. Ma- 
containing chromium in the range of Norsk Ferrokrom AS began produc- | jor mining deposit operations on Dina- 
50% to 55%. The shift was a cost saving | tion of high-carbon ferrochromium at | gat include Acoje-Masdang, Velore 
measure. The price of high-grade chro- | Mo i Rana. Norsk Ferrokrom is a new | Mining, and Malayan Wood (currently 
mium ore increased significantly in 1989 | company owned 51% by Norsk Jern | idle). Numerous small mines also oper- 
because of high demand for ferrochro- | Holdings (Norway), 33% by Ferralloy | ated in the area. Resources were 
mium worldwide in 1988 and 1989. Consulting Establishment, a subsidiary | thought to be in the millions of tons. 
NKK Corp. operated one ferrochro- | of Macalloy Corp. (United States), | The Philippines planned to find a de- 

mium-producing plant at Toyama, | and 16% by Fesil KS (Norway). Norsk | veloper for the deposit quickly. Ma- 
Toyama Prefecture, typically operating | Ferrokrom planned to produce ferro- | layan Wood planned to restart produc- 
with one furnace in production and one | chromium containing 60% to 65% | tion from its Ledond chromite mine at 
idle. NKK started its second furnace. | chromium from two furnaces previ- | the annual rate of 20,000 tons of lumpy 
High demand for ferrochromium in | ously used by Norsk Jernwerk to pro- | ore and 5,000 tons of concentrate. The 
1989 and the ability of the company to | duce pig iron. Each furnace was rated | product was to be sold to Ferrochrome 
transfer skilled workers from its Niigata | at about 25 megavolt amperes and | Philippines Inc., a local ferrochromium 
ferroalloy plant made production from | could produce about 45,000 to 50,000 | producer. Merlin Mining N.L. (Austra- 
the second furnace possible. tons per year of high-carbon ferrochro- | lia) acquired interests in three operating 

mium. One furnace was started in Sep- | chromium mines: Filipinas, Matalis- 
Madagascar tember but startup of the second fur- | bong, and Gloria. All are on Dinagat 

Kraomita Malagasy (Kraoma), the | nace, planned for December, was | Island. 
company that mines chromium ore in | delayed because of declining ferrochro- Ferro Chemicals Inc., Mindanao Is- 
the Andriamena region, celebrated its | mium prices. land, started operation of its second 
twentieth anniversary in 1989. Mada- furnace in 1988, achieving an annual 
gascar exported 95,000 tons in 1987, | Oman ferrochromium production capacity of 
and 130,000 tons in 1988. Exports in The Ministry of Petroleum and Min- | 30,000 tons. Ferro Chemicals converted 
1989 were expected to be about the | erals of Oman initiated a 2-year, | one of its furnaces to silicomanganese 
same as those of 1988. Kraoma was | $982,000 program for exploration of | production in 1989, owing to unavail- 
investing about $8 million to improve | the Batinah coastal region in the north ability of chromium ore and declining 
mine and beneficiation plant produc- | of Oman. Chromite deposits were to be | price of ferrochromium. 
tion. The project was expected to be | sought in the Rajmi-Fizh and the Far- Ferro Chrome Philippines Inc., a 
completed in 1990 or 1991. Madagas- | Hilti areas. A chromite deposit with | subsidiary of Voest Alpine Stahl Linz 
car sought a contractor to perform a | reserves of about 180,000 tons was | GmbH (Austria), operated its high- 
final feasibility study and basic engi- | being developed in Ghashabi. Oman | carbon ferrochromium plant on Mind- 
neering. The study was to have started | hoped to prove reserves of 1.6 million | anao Island. The plant’s annual produc- 
by yearend 1989. tons in the northern part of the coun- | tion capacity was about 55,000 tons. 
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| Integrated Chrome Corp. started | ampere furnaces, reaching an annual | treatment plants were established at the 

| production and shipments of charge- | capacity production rate of 60,000 tons | Mooinooi, Waterkloof, and Tweefon- 

grade high-carbon ferrochromium. In- | per furnace. ChromeCorp started con- | tein Mines to recover ore from the 

tegrated converted a 20-megavolt am- | struction of a third furnace, due for | slimes dams. 
pere furnace, previously operated by | completion in 1990. With the new fur- Purity Minerals was developing a 

Electro Alloys Corp. for the production | nace, ChromeCorp’s annual produc- | chromite mine and a ferrochromium 

of silicon, to the production of ferro- | tion capacity was expected to reach | smelter near Rustenburg, Transvaal prov- 

chromium at an annual capacity of | 180,000 tons. ince. The mine and smelter were to be 

about 26,000 tons. Integrated is a joint Middelburg Steel and Alloys (Pty.) Lt. | completed in 1990. Purity’s chromite 

venture between Nippon Denko Co. | (MS&A) expanded transformer capacity mine was expected to produce about 

| Ltd., a Japanese ferrochromium pro- | on its direct current transferred arc | 30,000 tons per month run-of-mine ore 

ducer, and Kaschrome, a Philippine | plasma furnace at Krugersdorp from 16 | that was to be concentrated to 21,000 

chromium ore producer. Integrated | megavolt amperes to 40 megavolt am- | tons per month of product from a reserve 

planned to raise money through the sale | peres. Operating power of the furnace | of 7.2 million tons in the lower group 

of stock for the purpose of purchasing | was being steadily increased. Upon | chromitite seam number 6 (LG6) and 

mechanical equipment and developing | reaching full power operation, the | lower group chromitite seam number 6A 

chromium ore resources. plasma furnace annual production ca- | (LG6A) chromite seams of the Bushveld 

: pacity was expected to increase from | Complex. The product was to be moved 

Qatar about 20,000 tons to about 50,000 tons. | by truck 10 kilometers from the mine site 

Qatar, along with Pennant Holdings | Full power operation was not expected | to the smelter. The smelter was to consist 

| (Australia) and Vitkovice (Czechoslo- | before 1990. The 40-megavolt-ampere | of two 33-megavolt-ampere furnaces 

vakia) started a study to determine the | transformer capacity was achieved by | with annual production capacity of 

feasibility of constructing a ferroalloy | using two 20-megavolt-ampere trans- | 60,000 tons each. 

plant at Umm Said. The planned $300 | formers with a third 20-megavolt-ampere | 

million, 230,000 ton ferroalloy plant | transformer acting as a spare. MS&A | Spain 

was planned to produce 60,000 tons of | continued construction of a kiln and Prerreducidos Integrados del Suroeste 

ferrochromium. The plant would in- | associated housing and materials han- | de Espana (Presur) requested the Minis- 

clude a captive 180-megawatt electrical | dling equipment to produce ferrochro- | try of Industry to import a 2-megavolt- 

powerplant that would convert natural | mium via a chromium direct reduction | ampere plasma furnace tax free for the 

gas associated from the North Field gas | (CDR) process. The CDR process was | purpose of producing ferrochromium. 

reserve to electrical energy. being developed by MS&A and Krupp | Presur planned to produce 2,000 to 3,000 

Stahl AG (Federal Republic of Ger- | tons per year of ferrochromium at Fra- 

South Africa, Republic of many). MS&A anticipated ferrochro- | genal de la Sierra, Badajoz province. 

Anglovaal Ltd. purchased the Groot- | mium production via the CDR process to 

boom Chrome Mine from Lavino SA | start in 1990. Swaziland 
(Pty.) Ltd. for $31.06 (R77.655) mil- Tubatse Ferrochrome (Pty.) Ltd., a Royal Swaziland Chrome Corp. was 

| lion. The mine is located at Lydenburg, | subsidiary of Samancor, started pro- | a joint venture being planned among 

near Steelpoort, Transvaal province. | duction from its fourth furnace. The Australian Overseas Mining Ltd. (Aus- 

With an annual production capacity of | new furnace had an annual production | tralia), 35%; German Mines Ltd. (Aus- 

about 400,000 tons, the Lavino Mine is | capacity of 60,000 tons, bringing Tu- | tralia), 20%; International Metals S.A. 

one of the Republic of South Africa’s | batse’s production capacity from | (Luxembourg), 10%; Swaziland Gov- 

major chromium mines. Lavino was | 180,000 tons to 240,000 tons. Tubatse | ernment, 15%; Boulder Gold N.L. 

sold by American International Miner- | started construction on a fifth furnace, | (Australia), Chrome Corp. of America 

als Corp. (AIMCOR) of the United | which was to be completed in 1990. | (USA), 10%; and Luxembourg Alloys 

States. AIMCOR was to continue as | Upon completion of this furnace, Tu- | Co. (Luxembourg), 10%. They pro- 

exclusive sales agent for Lavino’s ore | batse planned to have an annual pro- | posed to use Krupp’s Codir prereduc- 

for 5 years. duction capacity of 300,000 tons. tion process to produce ferrochromium 

CMI, a subsidiary of Johannesburg Samancor and Gencor rationalized | in Swaziland using chromite from Leb- 

Consolidated Investment Co. Ltd., | their interests in Cromore, the group | owa homeland South Africa and local 

worked on the construction of a third | responsible for mining, and Tubatse. | coal. Negotiations started with the 

32.5-megavolt-ampere furnace at its | The net effect of the changes was to | Swazi Government in April 1989. 

production facilities at Lydenburg, | make Cromore and Tubatse subsidiar- 

Transvaal province. With construction | ies of Samancor. Samancor made im- Sweden 

nearly complete by year end, CMI | provements to increase productivity of SwedeChrome AB operated a ferro- 

planned to start the furnace in | its chromium ore mining operations. In | chromium plant at Malmo having a 

February 1990. The additional fur- | the eastern Transvaal, a new shaft was | production capacity of about 50,000 

nace was expected to increase CMI’s | put in at the Mooihoek Mine, and the | tons per year. Production capacity had 

annual production capacity to 200,000 | Jagdlust Mine was reequipped. In the | been increased from about 30,000 tons 

tons. western Transvaal, the plant at the Wa- | per year in 1988 and was increasing to a 

ChromeCorp Technology continued | terkloof Mine was modified to increase | target capacity of 80,000 tons per year. 

operation of their two 30-megavolt- | production and improve quality. Re- | SwedeChrome planned to close its 
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| plant in 1990. The plant was to be | its chromite resources, and found that | production capacity of about 180,000 
closed because of the declining price of | Al Fujayrah had a chromite reserve of | tons was planned for 1992. Cefeca is 
ferrochromium, an unfavorable cost | about 100,000 tons of chemical- or | owned by PT Investment Alloy, Corpo- 
position owing to the Swedish embargo | metallurgical-grade ore. The Emirate | racidn Venezolana de Guayana (Govern- 
toward South African chromite, and, | sought chromite resources useful for | ment owned), GT Administracién y Par- 
to a lesser degree, uncertainty of | the production of refractories for use | ticipacién S.A., Italmagnesio S.A. 
electrical power rates. With Swede- | by its cement industry. (Brazil). The project was planned to take 
Chrome out of production, Sweden advantage of inexpensive electrical power 
was expected to be left with one ferro- | U.S.S.R. available from the Guri Dam on Venezu- 
chromium producer, Varg6n Alloys The Donskoye Ore Mining and En- | ela’s Caroni River. : 
AB. Vargon produced high-carbon fer- | richment Combine, located in the north- 
rochromium with an annual capacity of | western part of Kazakhastan, is the ma- | Vietnam 
about 160,000 tons. jor chromium ore mining area in the Vietnam sought to develop its 

U.S.S.R., accounting for about 95% of | chromite resources. Vietnam has been 
Turkey the U.S.S.R.’s chromium ore produc- | producing small quantities of chromite, 

Etibank General Management oper- | tion. The U.S.S.R. is the leading cen- | but sought to develop its mining by |. 
ated several chromium mines and two | trally planned economy chromium ore | granting mining rights to Covictory In- 
ferrochromium plants. The Antalya | producer and accounts for about 40% of | vestment Ltd. (Australia) in exchange for 
plant produced low-carbon ferrochro- | world chromium ore production. The | investment. The Nui Nua chromite mine 
mium with an annual capacity of about | collection of ore bodies mined by the | is located about 150 kilometers (km) 

10,000 tons. The Elazig plant produced | Donskoye Combine are collectively | south of Hanoi in Thanh Hoa province. | 
high-carbon ferrochromium. Construc- | called the Yuzhno-Kempirsayskiye (or | The alluvial chromite deposit was 
tion continued at the Elazig plant where | Donskiye) deposits. The Donskoye Com- | thought to vary in thickness from 6 to 35 
construction of two electric furnaces of | bine operated four surface mines and one | meters, to be about 3 km wide by 12 km 

30-megavolt-ampere electrical capacity | underground mine. The surface mines | long, and to contain about 30 million 
and annual high-carbon ferrochromium | include Yuzhniy, 40 Years of the Kaz- | tons of ore containing 1.5% to 5% | 
production capacity of 50,000 tons of | SSR, Obyedinenniy, and Mirnyy. Molo- | Cr,O,. Up to 80% of the chromite grains 
each were under development. One of | dezhnaya, the underground mine, started | were between 70 and 280 microns in size. 
these two furnaces was completed and | operation in 1982 and produced about | Feasibility studies were being done on the 
began production, increasing the plant | 1.1 million tons in 1987 with an annual | deposit. 
annual production capacity to 100,000 | design capacity of 2 million tons. 
tons. The second furnace was expected to | Tsentral’naya was a second underground | Zimbabwe 
be completed in 1990, increasing the | mine under development to be operated Zimbabwe reported that foreign ex- 
plant’s annual production capacity to | by the Donskoye Combine, starting in | change earnings from ferrochromium ex- 
150,000 tons. Etibank operated the Ke- | 1991. In 1987, about 24% of production | ceeded those of gold in 1988. Zimbabwe 
fdag, Guleman, and Soridag chromite | came from the underground operations. | Mining and Smelting Co. started produc- 
mines in Guleman Province to supply the | These operations have been developed to | tion from its remelting furnace. The 3- 

_| Elazig ferrochromium smelter. These | compensate for the depletion of high- | megavolt-ampere furnace remelts below 
mines produce about 250,000 tons of | grade ore available from the surface op- | commercial size ferrochromium resulting 
chromium ore annually. Upon comple- | erations. It was planned that all pro- | from crushing operations with an annual 
tion and operation of the new furnaces at | duction would ultimately come from | production capacity of about 15,000 
Elazig, Etibank expected to convert all | underground operations. Donskoye | tons. The Government of Zimbabwe, 
of its ore and ore purchased from local | Combine operated two crushing and | Union Carbide (owner of Zimbabwe 
independent producers to ferrochro- | grinding mills to process high-grade ore | Mining and Smelting), and Zimbabwe 
mium. A new chromium ore deposit | and two concentrators to process lower | Alloys were developing technology to 
was identified in the Adana area, about | grade ores. The first concentrator | mechanize the recovery of chromite from 
75 kilometers west of Iskenderun. Tur- | started operation in 1975, and, in 1989, | the narrow seams in the Mutorashanga 
key planned to develop mining and | had an annual output capacity of about | area of the North Dyke. The objective 

ferrochromium production based on | 615,000 tons. The second concentrator | was to make that chromite recovery eco- 
the deposit. started operation in 1987 with an an- | nomic, thereby creating an estimated 500 

Kromsan Birlesik Sanayi ve Ticaret | nual output capacity of 600,000 tons. | million tons of chromite reserves for the 
S.A., the chromium chemicals pro- | The West Kazakhastan Geological As- | country. The group will acquire and op- 
ducer, was being sold as part of Tur- | sociation reported the discovery of ad- | erate an Atlas Copco-Eikhoff (Federal 
key’s industrial privatization program. | ditional chromite reserves in the Don- | Republic of Germany) roadheader on a 
The plant, located at Mersin (near | skoye Complex. narrow North Dyke chromite seam to 
Elazig, Guleman province), produced test the feasibility of using such technol- 
sodium dichromate: 26,800 tons in | Venezuela ogy. Owing to a lack of economic recov- 
1987, and 27,500 tons in 1988. Central de Ferroaleaciones de Venezu- | ery methods for narrow seam chromite 

ela C.A. (Cefeca) planned to produce | mining, only the Middle and Southern 
United Arab Emirates ferrochromium at Puerto Ordaz. Export | sections of the Great Dyke chromite are 

The Al Fujayrah Emirate evaluated | oriented chromium ferroalloy annual | now mined. 
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TABLE 16 comparable to that of Type 304. Some 

CHROMITE: WORLD PRODUCTION BY COUNTRY’ of the alloys had superior oxidation 
resistance.° 

(Metric tons, gross weight) The effect of aluminum additions on 
sulfidation resistance of some iron- 

Country? 1985 1986 1987 1988 1989° chromium-nickel alloys was studied. 

Albania‘ 825,000 850,000 830,000 750,000 700,000 | Alloys containing 4% aluminum were 

Brazil? 189,504 222,990 191,033 F £940,000 225,000 found to form thin adherent scales in a 

Cuba.” 37,700 50,000 52,400 r€55 000 55,000 | Wet sulfur vapor atmosphere by a 

Finland? 506,200 678,091 543,000 £700,000 750,000 mechanism different from that of alu- 
| Greeces 58,948 62,000 63,825 63,000 65,000 minum-free alloys. It was found that 

India st—=<“<it~—s*é~s~*~*~*«SS«AT 637,522 623,591 759,000 sooo00 | #f the sulfur-containing environment 
— ° ° ° ° could be modified by the injection of 

Indonesiat — — — 7,636 25,000 | water to an oxidizing environment, 
Tran® * 56,000 56,000 56,000 56,000 56,000 | then aluminum addition dramatically 
Japan 11,920 10,642 11,815 9,508 11,500 | improves corrosion resistance.’ The 
Madagascar 127,415 82,910 106,600 107,307 107,000 | Bureau studied the prediction of micro- 

New Caledonia 78,820 72,207 61,832 70,341 66,000 | structure in low-chromium substitutes 

Oman — 4,820 — (’) — | for stainless steel. Relationships were 
Pakistan 5,188 8,299 9,963 3,327 5,000 | developed to predict the microstructure 

Philippines —-272,031 174,230 187,900 © 190,000 190,000 | for iron-base alloys containing 4% to 
South Africa, 3,698,500 3,907,000 3,847,000 4,245,000 3,800,000 | 12% chromium.” The Bureau also 

Republic of + ® studied the structural stability and oxi- 
Sudan t—~™t 8.799 8,500 13,015 8,000 9,000 | dation resistance of these alloys.” 
Thailand 30 361 5 716 800 The Bureau studied impact spalling 

Turkey” 588,576 543,156 © 600,000 © 625,000 650,000 | Of high-chromium white cast-iron balls 
USSR. —_3, 360,000 3,640,000 3,570,000 ©3 700,000 3,800,000 that are used in the milling of minerals. 
ot ____ Spalling and abrasive wear tests were 

Vietnam” “4,000 *4,000 *4,000 “4,000 4,000 | conducted and reported on numerous 
| Yugoslavia 10,015 8,780 13,172 11,538 12,000 | alloys with varying heat treatments.'° 

Zimbabwe 536,490 533,105 $70,298 561,477 570,000 | The Bureau also studied NiHard 4 with 

Total "10,944,611 “11,554,613 11,355,449 12,166,910 11,901,300 | the objective of improving its impact 

* Estimated. PPreliminary. * Revised. resistance. The NiHard 4, a 9% 

2m vnddition to the countries listed, Bulgaria, ‘China, and North Korea may also produce chromite, but output is not reported chromium-containing alloy, could then 

quantitatively and available general information is inadequate for formulation of reliable estimates of output levels. Figures for all be used as an alternative to an alloy 

countries represent marketable output unless otherwise noted ; noth tin Brasil rota containing 15% to 30% chromium. 

runofmine erude ore (not comparable to data for other countries) was as follows, in thousand metric tons: 1985-727,125, | Alloys were developed that achieved 
1986—763,000; 1987—830,000 (revised, estimated); 1988—810,000 (revised, estimated); and 1989—810,000 (estimated). comparable impact and abrasion resis- 

~ Direct-shipping lump ore plus concentrates and foundry sand. tance under moderate conditions at 

SReorted fie ore plus production of concentrates. only marginally higher cos t. 1 The Bu- 

open On by Bophuthatswana, which was as follows, in metric tons: 1985—358,000; 1986—454,000; 1987—508,000; mau studied an iron-nickel-chromium 

1988—450,000 (estimated); 1989—350,000 (estimated). | . —_ —_ _ electrodeposition Process which, in 
combination with heat treatment, 
could produce stainless steel coatings. 
A ferrous nickelous electroplating bath 

CURRENT RESEARCH Recent research related to chromium in- containing 3-micrometer-diameter chro- 

S| sochudes the study of chromium alloys with | mium particles was used to produce 250- 

the objective of reducing chromium con- | micrometer-thick coatings that were ho- 
Bureau of Mines research provides | tent and the recycling of chromium con- | mogenized by heat treating. Coating 

fundamental scientific and technical in- | taining materials. corrosion rates approximated that of 
formation essential for advancing min- The Bureau of Mines studied heat- | Type 304 stainless steel.’ 
eral science, processing technology, and | resistant steels containing 8% chromium The Bureau of Mines studied the re- 

conserving and developing domestic | as a substitute for Type 304 stainless | covery of chromium from zinc-treated 
mineral resources. This research is con- | steel, the most popular stainless steel | superalloy scrap. Mixed and contami- 
ducted in support of the Strategic and | grade, that contains nominally 18% | nated superalloy scrap was pyrometallur- 
Critical Materials Stock Piling Act of | chromium. Tests found that the new | gically and hydrometallurgically treated 

1946 as amended, the Defense Produc- | alloys were very susceptible to room- | to separate and recover metal values. 
tion Act of 1950 as amended, the Mining | temperature, deformation-induced mart- | More than 98% of chromium could be 
and Minerals Policy Act of 1970, and the | ensitic transformations. At higher tem- | leached from zinc-treated or atomized 
National Materials and Minerals Policy, | peratures, tensile strengths and work- scrap./? An X-ray fluorescence analysis 

Research and Development Act of 1980. | ability of several of the alloys were | method to promptly analyze the superal- 
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loy leach liquors using thin-film tech- | gram and 1 ton capacity.*' One direct | production and capacity are expected 
niques was also developed.'* The Bureau | current plasma arc has been applied to | to diminish in traditional producing 
studied the recovery of chromium from | ferrochromium production since 1983. | countries, except where domestic in- 
hard-face alloy grinding waste. The proc- | The furnace was found to process less | dustries are protected by quotas and 
ess involved deoiling the grinding waste | expensive raw materials, achieve greater | tariffs. Further upward integration of 
followed by chloride-based dissolution | chromium recovery, and permit free- | the chromium industry is expected as 
of the deoiled material. The final raffi- | dom in selecting slag composition. | chromite-producing countries expand 
nate was chromic chloride solution.'” | However, the furnace was also found to | current or develop new stainless steel 
The Bureau tested tannery sludge for | consume more electrical energy than its | production capacity. | 
chromium recovery potential. Thermal | alternating current submerged-arc coun- 
treatment residues were tested for leach- | terpart and to produce a higher carbon- 
ability and to help conceptualize achro- | containing product.2? The chemistry BACKGROUND 
mium recovery process. and metallurgy of metal and slag con- | ——— 

The Department of Defense studied | tained in the direct current plasma fur- a ae 

the erosion of chromium plated tank gun | nace was studied.?3 Production by the | Definition, Grades, and Specifications 
barrels. Metallurgical examination found | Plasmachrome process was studied. It United States industry chemically 
that microcracks originally present in the | was found that energy recovery was an | and physically specify chromium mate- 
coating resulted in spalling which, in | important economic factor and that the | rials through the American Society for 
turn, resulted in erosion.!” chromium content of the ferrochro- | Testing and Materials (ASTM). Other 

The Council for Mineral Technology |} mium product could be adjusted by | organizations also specify chromium 
(MINTEK) of the Republic of South | diluting high chromium-to-iron ratio | materials. DLA in cooperation with the 
Africa developed a method to improve | ore with iron ore. Energy recovery was | Department of Commerce maintains 
prereduction of chromite and evaluated | about 4.5 kilowatt hours per ton of | purchase specifications for chromium 
the progress and trends in the substitu- | ferrochromium product.” materials contained in the NDS. The | 
tion for chromium in steels. MINTEK Treasury Department, in cooperation 
studied the chromite prereduction pro- with the Department of Commerce and 

cess. They found that by using coated | CC‘ ;PUUUCC“‘‘$NCC#LYs sprtticipanntss in the General Agreement 
and fluxed chromite pellets, reduction | QUTLOOK on Tariffs and Trade, maintains defini- 
in the presence of carbon dioxide of | ————------—_ | tions of chromium materials for the 
70% of the chromium and 90% of the purpose of recording trade and apply- 
iron could be achieved. Application of On the average in the United States, | ing tariff duties. | | 
this technique could result in greater | about 75% of chromium is consumed For the purpose of importation, 
productivity and lower electrical energy | by the metallurgical industry, and | chromium ore and concentrates made 
consumption for existing ferrochrom- | about 75% of metallurgical industry | therefrom are classified by their chro- 
lum-producing plants and reduced cap- | chromium consumption is for stainless | mic oxide content. Ore and concen- 
ital investment cost without sacrificing | steel production. Thus, stainless steel | trates are divided into three categories: 
annual production capacity for new | production accounts for about one- | containing not more than 40% chromic 
plants.'® MINTEK found that substi- | half of the chromium consumed in the oxide, containing more than 40% and 

tutes for Type 304 stainless steel, the | United States. The remainder is con- | less than 46% chromic oxide, and con- 
most common grade, in general had | sumed in the production of other fer- | taining 46% or more chromic oxide. 
inferior corrosion resistance, poorer | rous and nonferrous alloys, chemicals, | Producers of chromium ore and con- 
mechanical properties, and a higher | and refractories. Some of the chemical | centrate typically specify chromic oxide 
cost than Type 304 stainless.'? The | and refractory products are consumed | content, chromium-to-iron ratio, and 
mechanism of chromite reduction un- | in the steel production process. The out- | iron, silica, alumina, magnesia, and 
der varying physical conditions was | look for chromium consumption in the | phosphorous contents. They also spec- 
studied.” United States is the same as that for | ify the size of the ore or concentrate. 

Private industry conducted research | stainless steel. Stainless steel is estimated | Typically, chromic oxide content ranges 
to improve product quality or to de- | to be the major end use for chromium | from 36% to 56%, with values in the 
velop more economic production and | worldwide. Thus, stainless steel industry | 40% to 50% range being most com- 
utilization processes. Ferrochromium | performance determines chromium in- | mon. Chromium-to-iron ratios typi- 
production by top- and bottom-blowing | dustry demand worldwide. cally range from about 1.5:1 to about 
converter, direct current plasma, and The trend to supply chromium in the | 4.0:1, with typical values of about 
plasma heater furnaces have been stud- | form of ferrochromium by chromite | 1.5:1 to 3.0:1. In trade, the chromium 
ied. In order to replace energy supplied | mining countries is expected to con- | ore is also called chromite ore, 
by the use of expensive electricity in | tinue. The rate at which new ferrochro- | chromite, chrome ore, and chrome. 
traditional smelting technology with less | mium plants come into production is For the purpose of importation, 
costly coal combustion, ferrochromium | expected to diminish now that all major | chromium ferroalloys are classified as 
was produced in a top- and bottom- | chromite producers have such facilities. | ferrochromium and ferrochromiumsili- 
blowing converter. The smelting reduc- | With new, efficient ferrochromium pro- | con. Ferrochromiumsilicon, also called 
tion process was demonstrated techni- | duction facilities and excess capacity in | ferrosiliconchromium and chromium 
cally feasible in furnaces of 100 kilo- | chromite-producing countries, both | silicide, is not further classified. Ferro- 
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TABLE 17 

CHROMIUM SUPPLY-DEMAND RELATIONSHIPS 

(Thousand metric tons, contained chromium) 

ce 
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION 

World production 3,622 3,324 3,102 3,003 3,102 3,003 2,943 3,292 3,476 3,419 3,663 3,585 

DISTRIBUTION OF U.S. SUPPLY 

‘| Components of U.S. supply: . 

Domestic mines 

; Secondary 60 64 58 65 61 75 719 85 84 95 119 99 

Imports: 

Chromium ore 258 258 254 228 130 53 83 109 133 133 185 162 

Chromium ferroalloy 165 123 160 228 79 148 223 173 206 171 255 208 

Chromium metal NA 3 4 3 2 3 4 4 4 4 4 4 

Chromium chemicals 1 (‘) 1 1 2 4 3 5 4. 3 2 5 

Chromium pigments 3 2 3 2 1 2 2 2 2 2 4. NA 

Stocks, Jan. 1: 

Government 1,301 1,301 21,051 1,051 1,051 1,051 1,051 1,051 31,080 31,110 31.079 31057 

Industry 428 399 288 219 232 18] 164 114 106 __ 102 __ AN __137 

Total U.S. supply 2,216 2,152 1,818 1,798 1,558 1,518 1,609 1,542 1,619 1,620 1,767 = 1,673 

Distribution of U.S. supply: ~ ~ ee 

Exports: 

Chromium ore 6 4 2 18 2 3 15 27 25 e) 1 12 

Chromium ferroalloy 5 8 160¢«~-.—CiC‘ 3 2 9 6 3 2 SL 6 

Chromium metal NA (*) (') (*) (*) () @) (’‘) (*) ¢) (’) (’) 

Chromium chemicals 7 9 9 6 5 5 7 4 7 6 8 6 

Stocks, Dec. 31: 

Government 1,301 1,301 1,051 1,051 1,051 1,051 1,051 1,080 1,110 1,079 1,057 1,097 

Industry 399 288 219 232 181 164 114 __ 106 __ 102 __ i119 __137 __139 

Total U.S. distribution 1,719 1,610 1,297. 1,314 1,243 «1,226 =-1,197.'1,223- 1,247, 1,207.— 1,208 ~——1,261 
Apparent industry demand 497 542 521 483 315 292 412 349 402 382 537 451 

NA Not available. 

'Less than 1/2 unit. 
2 Nonstockpile grade material that was included before 1980, was deleted from stockpile count. 

3 Variation in stockpile quantity does not contribute to apparent industry demand because variation results from upgrading programs. 

chromium is classified by its carbon | anq 0.05% to 0.1% carbon. Ferrochro- | element. Small quantities of chromium 

content as containing not more than | miym typically contains 50% to 72% | are alloyed with (i.e., added to), a base 
3% carbon, more than 3% but not | chromium and 0.05% to 8% carbon. | metal to achieve certain desired proper- 

more than 4% carbon, or more than | [ow-carbon ferrochromium typically | ties not attainable with the base metal 

4% carbon. Producers of ferrochro- | contains 55% to 75% chromium and | alone. Before its use as an alloying 

mium typically classify their material | 0.02% to 0.1% carbon. High-carbon | element, chromium was used predomi- 
as low- or high-carbon or charge-grade | ferrochromium typically contains 60% | nantly as a pigment, a plating material, 

| ferrochromium. Charge-grade ferro- | to 70% chromium and 6% to 8% car- | and a refractory material. As a pig- 

chromium is also called charge chrome. | bon. Charge-grade ferrochromium typ- | ment, chromium provided color to 

Producers of chromium ferroalloys | ically contains 50% to 55% chromium | many end products and corrosion pro- 

typically specify chromium, carbon, | and 6% to 8% carbon. tection to ferrous metals. As a plating 

silicon, phosphorous, and sulfur con- material, chromium provided a lus- 

tents, and material size. Ferrochromi- | Products for Trade and Industry trous or a hard finish, and corrosion 

umsilicon typically contains 24% to Chromium is primarily used in the | protection to the substrate metal. As a 

40% chromium, 38% to 50% silicon, | metallurgical industry as an alloying | refractory, chromite found major use in 
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TABLE 18 

COMPOSITION OF TYPICAL CHROMIUM FERROALLOYS AND CHROMIUM METAL 

(Composition, percent) | 

Material ! Grade Chromium? Carbon? Silicon? Sulfur? Phosphorus? Nitrogen? 

Ferrochromium: 

High-carbon A 52-58 6.0-8.0 6.0 0.040 0.030 0.050 

B 55-64 4.0-6.0 8.0-14.0 .040 .030 .050 

C 62-72 4.0-9.5 3.0 .060 .030 .050 

Low-carbon A 60-67 .025 1.0- 8.0 025 .030 12 

B 67-75 .025 1.0 .025 .030 12 

C 67-75 .050 1.0 .025 .030 12 

D 67-75 75 1.0 .025 .030 12 

Vacuum low-carbon E 67-72 .020 2.0 .030 .030 .050 

F 67-72 .010 2.0 .030 .030 .050 

G 63-68 .050 2.0 .030 .030 5.0-6.0 

Nitrogen bearing — 62-70 10 1.0 .025 .030 1.0-5.0 

Ferrochromium-silicon _ A 34-38 .060 38-42 .030 .030 050 

B. 38-42 .050 41-45 .030 .030 .050 

Chromium metal A 99.0 .050 15 .030 .010 .050 

B 99.4 .050 10 .010 .010 .020 

' Chemical requirements in addition to those listed here are specified by ASTM. 

2 Minimum, except where range of values indicating minimum and maximum appears. ee . ce 

3 Maximum, except where range of values indicating minimum and maximum appears. oo ee 

Source: 1988 Annual Book of ASTM Standards. - 

blast furnace iron production. The de- | tion, chromite-producing countries Chromite ore consumed in the chem- 
chine in use of this process has resulted | have been developing ferrochromium | ical or metallurgical industry is proc- 
in a corresponding decline in chromite | and stainless steel production capacity. | essed to extract the chromium from the 
refractory use. Environmental concern | This trend has worldwide impact. For- | chromite mineral. Chromite ore con- 
over hexavalent chromium contamina- | merly, ferrochromium was produced | sumed in the chemical industry is kiln 
tion has resulted in reduced use or | mainly by the United States, Europe, | roasted, and the chromium is leached 
increased expense of chromium use in | and Japan, the major steel producers. | out in the form of sodium bichromate. 
pigments and plating. Chromium is | The U.S. trend to obtain chromium in | The sodium bichromate is further proc- 
traded primarily as chromium ore or as | the ferroalloy form is a result of the | essed to make chromic acid and other 
ferrochromium. Substantial amounts | world trend to produce ferrochromium | chromium chemicals and pigments. | 
of chromium chemicals, pigments, and | in chromite-producing countries. Chromic oxide is a chemical industry 
metal are also traded. The structure of the chromium in- | product. Chromite ore consumed in the 

dustry from a material processing per- | metallurgical industry is smelted to pro- 
Industry Structure spective begins with mining of chromite | duce ferrochromium. In effect, the ox- 

Stainless steel was developed in | ore. Once mined, the ore is benefici- | ygen is removed from the _iron- 
about 1900. Since then, stainless steel | ated. The resulting chromite ore or | chromium-oxygen mineral leaving an 

has grown to become the major end use | concentrate made therefrom may be | iron-chromium alloy, ferrochromium. 
of chromium. Chromium is used in | consumed in the refractory, chemical, | Ferrochromium is produced to meet a 
stainless steel production in the form of | or metallurgical industry. Chromite ore | variety of chemical and physical speci- 
ferrochromium, a product of smelting | is consumed in the refractory industry | fications. Several variations of the fer- 
chromite ore with a carbonaceous ma- | for its chromite mineral content. The | rochromium production process are 
terial (chemical reductant) and silicious | chromite is typically crushed, ground, | practiced; the submerged electric arc 
material (flux material). The produc- | and sized. It is then mixed with mag- | furnace is central to each process. Fer- 
tion of stainless steel evolved in associ- | nesite to make chrome-magnesite | rochromium is the source of chromium 

ation with the major steel-producing | bricks that are subsequently consumed | units for alloys, especially ferrous al- 
centers. The production of ferrochro- | in the steel, glass, or cement industry. | loys. When nonferrous alloys require 
mium developed in conjunction with | The chromite refractories are used to | chromium and the iron is undesirable, 
the production of stainless steel at | line steelmaking furnaces, cement | chromium metal is used. Chromium 
those steel-producing locations. kilns, or heat exchangers associated | metal is produced from ferrochromium 

In a trend toward vertical integra- | with glass production. by an electrolytic process or from chro- 
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mic oxide by an aluminothermic process. TABLE 19 | 

The major vertical structure of the PRINCIPAL WORLD CHROMITE PRODUCERS, 1989 
chromium industry is mining-smelting- | | 
stainless steelmaking. In some in- | ———,-——W. 000 —— 0. 0 Oooo 

: os Country Company 
stances, the ownership of mining oper- Albania TT Govenent owned 
ations, smelters, and stainless steel Gop AG Rdeval Ropublic OF Gamay — Bayer AG (Federal eo orG 

. e1eae : razi . ayer ederal Nepudlic Oo ermany 

production facilities are integrated. In Coitezeiro Mineracdo S.A. (COMISA) 
many other cases, integration is limited Cia. de Ferro-Ligas de Bahia S.A. (FERBASA). 
to mining and smelting or to smelting Cia. de Mineracdo Serra de Jacobina S.A. (SERJANA). 
and stainless steelmaking. Often the Mineracao Vale do Jacurici S.A. 

ownership of operations is shared. Ma- | __-SCSC—C—‘“MMatgnesta SWAN 
jor mining, smelting, or stainless steel | Finland Outokumpu Oy (Government owned). 
production facilities are typically pri- | India Ferro Alloys Corp. Ltd. 

vately owned by large companies or ae pacaan Ltd. 
: ysore inera . groups of companies. Orissa Minin 

g Corp. Ltd. (Government owned). 

Tata Iron and Steel Co. Ltd. (TISCO). 

Geology-Resources . Philippines Acoje Mining Co. Inc. 
The geology of many chromium de- Benguet Corp. 

posits has been characterized.*° Philchrome Mining Corp. 
The data in table 15 are rated reserves | South Africa, Republic of , African Mining and Trust Co. Ltd. 

and reserve base for major chromium Zeerust Chrome Mine Ltd. 
ore producing countries.” The data on cpeustene ers Mees Pu) ld Co. (Pty.) Ltd. 
chromite reserves and resources are cat- Chromecorp Technology (Pty.) Ltd. 

egorized according to a general U.S. Chroombronne (Pty.) Ltd. 
Bureau of Mines-U.S. Geological Sur- Lavino South Africa (Pty.) Ltd. 
vey classification system applicable to : Lenore soe ne ed 
all minerals. The definition of reserves Dilokong Chrome Mine 
and Teserve base are published in Geo- National Manganese Mines (Pty.) Ltd. 
logical Survey Circular 831, “‘Principles Buffels Chrome Mine 
of a Resource/Reserve Classification Rand Mines Ltd. 

for Minerals.” The distribution of Millsell Chrome Mines (Pty.) Ltd. 
hromite deposits into reserves, reserve | Henry Gould (Pty.) Ltd. 

C Pp 3 Samancor Ltd. 
base, and resources categories 1s deter- Batlhako Mining Ltd. 
mined by the physical and chemical Ruighoek Chrome Mine 
nature of the ore and by mining and See Me Mine 
market economies. The reserve base is agdlust Mine 

: Montrose Mine 
the in-place demonstrated (measured Mooinooi Mine 
plus indicated) resource from which Waterkloof Chrome Mines (Pty.) Ltd. 
reserves are estimated. The reserve base Vansa Vanadium S.A. Ltd. 
includes those resources that are cur- Winterveld Chrome Mines Ltd. 

. . . Vereeninging Refractories Ltd. 
rently economic, marginally economic, Marico Chrome Corp. (Pty.) Ltd. 
and some of those that are currently Turkey Etibank (Government owned). SSs=CS~St‘CS*~S~S 

subeconomic. Bursa Toros Kromlari AS. 
Reserves are that part of the reserve Egemetal Madencilik AS. 

base that could be economically ex- aed Koeman ess AS 
: ur aadin Sirketl . tracted or produced at the time of Haryi Ogelman Madencelik AS. 

determination. Reserves include only a er 
recoverable materials. Reserve values Fane oc Allg id Gimaigg 

; : Zimbabwe imbabwe Alloys Ltd. (Zimalloys). 
are included m reserve base values. Zimbabwe Mining and Smelting Co. (Pvt.) Ltd. 

The term “reserves” is commonly (ZIMASCO). 

used with a variety of definitions. Even | > 7 chromite producing countries included Bulgaria, China, Cuba, Greece Indonesia, Irn, Japan, Madagascar, New Caledonia, 
when the definition given here 1S used, Pakistan, Sudan, Thailand, Yugoslavia, and Vietnam. 

the quantitative value of reserves will 
vary owing to differing physical and 
economic criteria applied to a deposit | subsurface mining of chromium ore. | eficiation required and the techniques 
by different analysts. Most ore comes from large mechanized | used depend on the ore source and end- 

mines. However, small labor intensive | use requirements. When the chromite is 

Technology mining operations contribute to world | clean, only hand sorting of coarse ma- 
supply. terial and gravity separation of fine 

Mining.—A wide variety of mining material may be required. When the ore 
technology is applied to the surface and Beneficiation.—The amount of ben- | is lumpy and mixed with host rock, 
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TABLE 20 having power ratings of about 50 mega- 

PRINCIPAL WORLD FERROCHROMIUM PRODUCERS, 1989 volt amperes. Covered and partly cov- 
: ered electric arc furnaces replaced open 

———counsyl GS ompany «Ses when pollution control became a 
$$ ________—— | factor of production. Industry is devel- 

Brazil Cia. de Ferro-Ligas da Bahia S.A. (FERBASA). | ning new production technologies using 
China C—“Ct*i‘“CSCSC Geren ownnedw CSC: high-temperature plasmas or using alter- 
Finland Outokumpu Oy (Government owned). natives to electrical energy power supply. 

France Chromeurope S.A. The new production technologies are ex- 
Germany, Federal Republic of Gesellshaft fiir Elekrtometallurgie (GfE) pected to be more cost competitive than 

Elektrowerk Weisweiler GmbH. traditional production technology. 
Greece Hellenic Ferroalloys S.A. Technological change in stainless 
India Ferro Alloys Corp. Ltd. (Facor) steel production permitted the replace- 

Indian Metals & Ferroalloys Ltd. (IMFA). ment of expensive high-chromium, 

I Indian Charge Chrome Ltd. low-carbon ferrochromium by less ex- 
ndustrial Development Corp. . . . 
OMC Alloys Ltd. (State owned) pensive low-chromium, high-carbon 
Visvesvaraya Iron & Steel Ltd. (State owned) ferrochromium. This change permitted 

Italy Darfo Srl the use of low chromium-to-iron ratio 
Acciaierie e Ferriere Lombarde Falck SpA ore for smelting to ferrochromium, 
Ferroleghe SpA which is subsequently alloyed to produce 

Frnt SpA gtaiintess steel. The Republic of South 
Japan Japan Metals and Chemicals Co. Ltd. Africa is the most abundant and low-cost 

Nippon Denko Co. Ltd. : 
NKK Corp. source of such ore. Unfortunately, this 
Pacific Metals Co. Ltd. ore is friable (breaks easily into small 
Showa Denko K.K. pieces), and the finer fractions of such 

Norway Norsk Ferrokrom AS ore are blown out of a furnace before it 

Philippines Ferro Chemicals Inc. can be smelted. Agglomeration technol- 
Ferrochrome Philippines Inc. ogy has been developed to permit the use 

Integrated Chrome Corp. of fine chromium ore in the electric arc 
South Africa, Republic of Anglovaal id furnace. Both briqueting and pelletizing 

td. : 2. . 
Chromecorp Technology (Pty.) Ltd. are practiced. Efficient production tech- 

Johannesburg Consolidated Investment Co. Ltd. nology uses prereduced and preheated 

Consolidated Metallurgical Industries Inc. pelletized furnace feed. Advanced smelt- 
Middelburg Steel and Alloys Holdings (Pty.) Ltd. ing technologies have been designed to 

Alloys Division Middelburg use fine ore. 

Alloys Division Krugersdorp 

apatihako Ferrochrome Ltd. Recycling. — Recycling is the only do- 
Ferrometals Ltd. mestic supply source of chromium. 
Tubatse Ferrochrome (Pty.) Ltd. Stainless steel and superalloys are recy- 

Sweden SwedeChrome AB cled, primarily for their nickel and 
Vargon Alloy AB. chromium contents. As much as 50% 

Turkey Government owned. of electric furnace stainless steel pro- 
U.S.S.R. Government owned. duction can result from _ recycled 

United States Elkem Metals Co. prompt and purchased stainless steel 
Macalloy Corp. scrap. Advanced stainless steel produc- 
SK AlloysInee ss tion technology like continuous casting 

Yugoslavia Tvornica Karbida i Ferolegura Dalmacija reduces prompt scrap generation and 

ao Tovarna Dusika Ruse its a higher product yield per unit 
Zimbabwe Zimbabwe Alloys Ltd. (Zimalloys). Pe ray terial feed 

Zimbabwe Mining and Smelting Co. (Pvt.) Ltd. Or Taw material teed. 

IAS Byproducts and Coproducts 
Other ferrochromium producing countries included Albania, Chile, Czechoslovakia, German Democratic Republic, Poland, Mexico, . . . . 

Romania, Spain, and Taiwan. Chromium is mined as a primary 
product. Chromium is not a byproduct 
or coproduct of the mining of any min- 
eral, nor are there byproducts or coprod- 

heavy media separation may be used. Smelting.—The smelting of chro- | ucts associated with chromium mining. 
When the chromite mineral occurs in | mium ore to produce ferrochromium | Chromium has the potential of becom- 
fine grains intermixed with host rock, | requires electric arc furnace technology. | ing a byproduct of platinum mining in 
crushing may be used in conjunction | Early electric furnaces having power | the Republic of South Africa or a 
with gravity separation and magnetic | ratings in the kilovolt-ampere range | byproduct of lateritic nickel mining. 
separation. have developed in modern furnaces | Platinum and chromite are both present 
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in the UG2 seam of the Bushweld com- | ore is processed to ferrochromium and | are the two major components of chro- 
plex in the Republic of South Africa. | to chromium metal, the added value is | mium ore cost in the market place. Op- 
At present, most platinum mining is | quite large. On a per-unit-of-contained | erating cost includes mining (the produc- 
from the Merensky Reef. However, as | chromium basis, the value of ferrochro- | tion of run-of-mine ore) and_benefi- 

platinum mining from the UG2 seam | mium is about seven times that of | ciation (the production of marketable 
continues and as new mining opera- | chromium ore; the value of chromium | chromium ore or concentrate from the 
tions that exploit the UG2 seam are | metal is about 30 times that of chro- | run-of-mine ore). Mining cost typically 
developed, chromium-containing tail- | mium ore. Variations of the value of | runs from 75% to 80% of operating 
ings will continue to grow. The feasibil- | ore are shown to follow those of ferro- | cost, but may exceed 90% in some cases. 
ity of utilizing these resources has been | chromium, indicating values of chro- | Labor cost is the major component of 
demonstrated, and new ferrochromium | mium ore change in response to de- | production and of beneficiation cost. 
production facilities under develop- | mand with ferrochromium value first to | Labor cost typically runs from 20% to 
ment by Middelburg Steel and Alloys | reflect demand changes.?’ Ferrochro- | 60% of mining cost and from 25% to 
are designed to permit the use of these | mium values show greater variation | 80% of beneficiation cost, but can be 
resources. It appears to be only a mat- | that those of chromium ore. The unit | higher. | 
ter of time before economic conditions | value of chromium materials has in- Electrical energy and labor cost are 
dictate the use of those tailings, thereby | creased by 10% to 15% per year in | the major components of high-carbon 
making chromium a byproduct of some | actual value since 1963. _ ferrochromium production cost. Elec- 
platinum operations. trical energy cost runs from 20% to 

Costs.—Operating and transportation | 55% of production cost, whereas labor 
Economic Factors 

Prices.—Inadequate supplies of fer- TABLE 21 

rochromium resulted from strong de- TIME-VALUE! RELATIONSHIPS FOR CHROMIUM ORE 

mand for stainless steel in all three . , . 
major producing regions: the United (Average annual value, dollars per metric ton of contained chromium) 

States, Japan, and Europe. Inadequate | ———__— 

ferrochromium supply resulted in in- | Not more than 40% More than 40% but 46% or more 
creasing ferrochromium prices until | year chromic oxide less than 46% chromic oxide Total, all grades 

. chromic oxide 

mid 1289, when supply exceeded de- “Actual 1982 Actual_~—=«1982— Actual ~—‘1982_—Actual_~—*1982 
mand and prices began to decline. The | a 
price of chromite rose in 1989 following | 193 ___ 86 == Ss 28 4 OB BR 
the steady rise in ferrochromium prices | 1964 848 SS SD 
since mid-1987. In 1989, new ferro- | 1965 _ 88 30 48 16 59 20 59 20 
chromium plants and plant expansions | 1966 82 29 45 16 62 22 58 20 
were under construction or being com- | 1967 87 31 48 17 66 24 62 22 

pleted. U.S. stainless steel production | 1968 81 31 45 17 60 23 59 22 
declined 12% from that of 1988. Al- | 4969 15 30 51 20 66 2% 64 25 
though declining, U.S. stainless steel | 1979 =——i«sSt ‘<aesti‘(‘é‘(é<éaGW(C}/)hhO~*éCéCéCSSC‘(‘(SNCOWNCO#O#*‘(‘(#’SNSCOONNNON#NWNCséS&SGRYT.:~<“<isi‘CSC‘C(CZC!™! 
production remained strong. Reduced | joj, —=~OOsti“(“‘ F!!””!”™CSS*~<“<s‘i‘i!”*~<“‘ ™#*™*™S™*SCS*C*C‘C(CR‘TSCO#*;‘(“!S 
Stainless steel production permitted fer- 1972 99 6 2 59 94 4A 89 Al 

| rochromium producers, traders, and 1973. lod 
consumers to rebuild stocks after about | —— 7 
3 years of generally increasing produc- pm 0p 8H NH 8H 
tion. Reduced demand for ferrochro- | 1977 178 106 0 0 SN 
mium, resulting from decreased stain- | 1976 222 140 146 92 262 165 212 134 
less steel production, and increased | 1977 235 158 166 112 254 171 206 138 
supply of ferrochromium, resulting | 1978 230 166 177 128 185 134 200 144 

from producer expansions and new | 1979 240 189 187 147 232 182 215 169 
plant construction, have resulted in de- | jo9g9 288 247 195 167 189 162 222 190 
clining ferrochromium prices. Ferro- | j931 +262. #250... + #192 4181 4184 #2»+173 #219 206 
chromium production capacity . inN- | jo92~«2003”2~Ct*«é‘«C~* U]!”*~<S*«CK!S*S*~<CS*«éCd;:SC<C«;*‘i !SC~«tCOS*«‘“«‘CD 
creased about 300,000 tons contained 1983. 359. ° 24373. ° 24+472.~ °  4+4479°”~C*«~*‘~; SStC(Ct*é<iTTSC<“C~*~C«CaCSSC“‘C*‘;*«‘iOD:S 

chromium (10% to 15% of 1988 world | jo3,-——~“4o3.—SS 34 151 156 168 186 200 
‘ capacity) in 1989. A similar expansion | ——-— 
was anticipated in 1990. 1985 261290 tO a TH 

The historical value of chromium ore | 1986 218248 145 14 1G GH NBG 
by grade, ferrochromium by grade, and | 198718521760 BBO SS BD B NT 
chromium metal imported to the United | 1988 241 292 269 278 187 227 229 278 

States is shown in tables 21 and 22. | 1989 292 373 290 306 247 317 271 347 

These values show that, as chromium | 'custom value per ton of chromium contained in imported material. 
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TABLE 22 element depends on its chemical form 
TIME-VALUE' RELATIONSHIPS FOR FERROCHROMIUM and concentration and on the condi- 

AND CHROMIUM METAL tions and duration of exposure. At 
about 200 parts per million, chromium 

(Average annual value) is the sixth most common element in 
the Earth’s crust; at 1 to 2.5 parts per 

Ferrochromium Chromium Metal billion, the 15th most common element 
(dollars per metric ton of contained chromium) (dollars per in sea water. Chromium is ubiquitous. 

Low-carbon? High-carbon? Total, all grades gross weight) Chromium is generally recognized to be 
Actual 1982 Actual 1982 “Actual 1982. «=~ Actual—SCS*«d‘S essential to human health. Hexavalent 

Tose agg i i | chromium compounds are generally 
103 3972290 8H TT SAB recognized as toxic. The toxic status or 
Weg 380025804 100—(—860—= st 1670549 ‘| trivalent valent chromium compounds 
1965 408 138 268 90 395 133 1,661 561 | is not clear. However, trivalent chro- 
1966 410 143 232 81 367 129 NA NA_ | mium compounds are less toxic than 
1967 417 150 264 95 394 142 NA NA | hexavalent chromium compounds. 
1968 399 151 261 98 382 144 1,656 624 | Chemical compounds containing chro- 
1969 426 169 236 94 370 147 1,800 717. | mium in lower valence states are gener- 
1970 453 190 272 114 401 168 NA NA_ | ally recognized as benign. 
1971 585 260 342 152 464 206 2,003 889 ; 
1972 556 258 «282 131 422 196 2,206 1,026 | Energy Requirements.—Ferrochro- 1973. 617~=«“OSSsti(<«<NS*~<“<«dSCS*“‘*‘«‘“O?*S*“‘*‘;‘*‘iaC:SC“«*‘“‘*‘_ Kid mium production is an energy intensive 
TOA oq na | process, requiring about 3800 kilowatt 
A TABLE 527T 00824 3,030 1,636 hours per metric ton of product. Cur- 
M7134 NO 9425580616294, 486 2,660 | rently available technology can reduce 
1976 1,406 887 719 454 916 578 4,350 2,745 | the electrical energy requirement to 
1977 1,385 932 702 472 826 556 4,938 3,324 about 2000 kilowatt hours per ton by 
1978 1,405 ~—- 1,014 640 462 686 496 NA NA _ | thermal energy recovery and recycling. 
1979 1,737 1,366 853 671 945 743 NA NA | Traditional technology uses electricity | 
1980 —‘1,826 1,565 890 762 972 833 7,682 6,584 | to supply the energy required to smelt 
1981 1,609 ~=—s«1,513,”'=i«“CTDS*~<“‘i«‘SW‘TSC<“‘zSK!S*~<«*‘«éS!S!#*«z«CH!!! 7203 chromium ore. Advanced production 
1982 1,551 —Ss«1,551—S”s=«éBT~S~*«<“‘<«*‘«éSBT:«~C*«‘“‘«‘iC«OSSS~*~*«dC«OOSC*«‘“‘«‘SOS:*C*«‘«‘«wCOU'S technology permits the use of liquid or 
1983. 1,437. «+1,493.~*«<~ ”S*~“‘SSO!*~«<TT”~*~<“‘«t‘«:‘«iOS:C“‘*‘C«ASS*~*« ST gas fuel to substitute for part of the 
1984 1,496 ~—s«1,612,”s—=‘<‘C8DsS*é<‘<‘ézR‘S!~S~*~*«S:S”*~<“‘éROTCO#*#*«~S«OTA~~#~*#«~Sé«A‘wAWL~S energy required. Alter native produc- 
TORS) eqD gag ggg 2 _____?____ | tion technology is being developed 
PS STL 1742847 93891013 5,468 6,064 which would permit nonelectrical en- 

P9386 1409604 779 886 SN HB 5320 6,055 | ergy sources to supply a significant 
1987 1,544 1,812 783 919 893 1,049 6,098 7,159 | fraction of the energy required to smelt 
1988 1,988 2,412 1,317 1,598 1,403 1,702 7,231 8,772 | chromium ore. 
1989 1,909 2,441 1,524 1,949 1,609 2,058 6,567 8,294 
NA Not available. Transportation.—Chromite oreistyp- 
| Custom value per ton of chromium contained in imported material. ically transported by trackless truck or 
Carbon not more than 4%, 

: 3More than 4% carbon. conveyor belt from the mine face to 
storage or processing facilities on the 
mine site. From there, it is transported 

cost runs from 10% to 30% of produc- | necessary to meet the needs of domestic | by truck from the mine site to local | 
tion cost. consumers and producers. Only in a | railhead. It is then usually transported 

few cases, such as ferrochromium ex- | by rail to ports or to smelters. Smelters 
| Tariffs.—Import tariffs are typically | ports from China and certain grades of | that do not have associated ship load- 

imposed to protect domestic industry. | chromium ore exports from India, are | ing and unloading facilities transport 
Where there is no domestic industry, | export duties applied. their product by rail to ports. Following 
such as chromium ore production in transport by ship to consumer coun- 
the United States, there is no tariff. | Operating Factors tries, chromium materials are typically 
(See Foreign Trade section of this re- barged or hauled by truck to end users 
port for U.S. tariff duties on chromium Environmental Requirements.—Chro- | who have no ship loading and unload- 
materials.) In some cases, such as fer- | mium releases into the environment are ing facilities. 
rochromium imports to the European | regulated by the Environmental Protec- 
Community, Import tariffs are used tion Agency. Workplace exposure is I Federal Register. Dep. of State. Strategic Minerals 
along with import quotas. That is, a | regulated by the OSHA. Certification. V. 54, No. 122, June 27, 1989, p. 27086. 
duty-fr ee quota is allocated to member ———. Dep. of State. Certification of Strategic Min- 
countries. The quotas may be revised as Toxicity.7*—The toxic effect of an | erals Imported From South Africa. V. 55, No. 12, Jan. 
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18, 1990, p. 1764. Gun Barrel. Wear, v. 131, No. 1, May 1989, pp. 135-150. 27 Since chromium ore price changes may lag those of 

2_______ Occupational Safety and Health Administra- 18Nunnington, R. C., and N. A. Barcza. Pre- ferrochromium by only a few months, the tables may 

tion (Dep. of Labor). Air Contaminants. V. 54, No. 12, Reduction of Fluxed Chromite-Ore Pellets Under Oxi- show peak average annual values occurring in the same 

Jan. 19, 1989, pp. 2332-2983. dizing Conditions. Paper in Proceedings of the 5th yee’ . . 

3 . Burrows, Desmond. Chromium: Metabolism and 
Metals Week. Congress Shakes Hands Over Stock- | International Ferroalloys Congress, New Orleans, LA, Toxicity. CRC Press, 1983, 184 pp. 

pile. V. 60, No. 46, Nov. 13, 1989, p. 7. Apr. 23-26, 1989, Ferroalloys Assoc., 1989, pp. 55-68. U.S. Environment Protection Agency. Health Effects 

4Values have been converted from Indian rupees (Rs) '? Cortie, M. B. Progress and Trends in the Substitu- | Assessment for Trivalent Chromium. Rep. EPA/S40/ 
to U.S. dollars (US$) at the exchange rate of | tion for Chromium in Steels. Materials and Society, v. | 1-86-035, Sept. 1984, 32 pp. 
Rs1.00 = US$0.0606 (Rs16.50=US$1.00). 13, No. 1, 1989, pp. 13-31. | U.S. Environment Protection Agency. Health Effects 

> Values have been converted from Italian lire (L) to 20 Bric, R. H., O. Soykan, and E. Uslu. The Reduc- | Assessment for Hexavalent Chromium. Rep. EPA/540/ 

U.S. dollars (US$) at the exchange rate of | tion of Chromite Spinels by Solid Carbon and Carbon 1-86-019, Sept. 1984, 49 pp. 

L1,349.5 = US$1.00. Dissolved in Liquid Alloys. Paper in Proceedings of the | 

6Larson, D. E. Heat-Resistant Steels Containing 8 | 5th International Ferroalloys Congress, New Orleans, OTHER SOURCES OF INFORMATION 

Pct Cr. BuMines RI 9255, 1988, 9 pp. LA, Apr. 23-26, 1989, Ferroalloys Assoc., 1989, pp. . oe 

7Dunning, J. S., and S. C. Rhoads. Effects of Al | 77-87. Bureau of Mines Publications . 

Additions on Sulfidation Resistance of Some Fe-Cr-Ni 21 Senga, T., S. Yoneka, Y. Sawada, M. Fujita, and Mineral Commodities Summaries, 

Alloys. BuMines RI 9278, 1989, 19 pp. H. Katayama. The Production of Ferrochrome by the annual. 

8Glenn, M. L. The Prediction of Microstructure in | smelting Reduction with Top and Bottom Blowing Minerals Yearbook, annual. 

Low-Chromium Substitutes for Stainless Steels. J. | Converter. Paper in Proceedings of the 5th International Mineral Industry Surveys, monthly. 

Mater. Eng., v. 10, No. 3, 1988, pp. 181-191. Ferroalloys Congress, New Orleans, LA, Apr. 23-26, | Other Sources | 

°Oh, Je M., and M. L. Glenn. Structural Stability | 1989, Ferroalloys Assoc., 1989, pp. 69-76. American Iron and Steel Institute. | 
and Oxidation Resistance of Substitute Alloys with 22 Kjellberg, B., and S. E. Stenkvist. DC Technology A . Metal Mark 

Various Cr and Mn Levels. BuMines RI 9236, 1989, 11 | for smelting Furnaces. Paper in Proceedings of the 5th merical eta arkel. 

Pp. International Ferroalloys Congress, New Orleans, LA, Ceramic Bulletin. 

10 Blickensderfer, R., J. H. Tylezak, and G. Laird II. | Apr. 23-26, 1989, pp. 88-94. Kammeyer, H. J., K. U. Defense Logistics Agency, Stockpile 

Spalling of High-Chromium White Cast Iron Balls | Maske, and G. Pugh. Open-Bath Production of Ferro- Reports. 

Subjected to Repetitive Impact. Wear of Metals, v. 1. | chromium in a DC Plasma Furnace. Paper in Proceed- The Economics of Chromium 1988 

1989, pp. 175-182. ings of the 5th International Ferroalloys Congress, New . . . 

11 Laird, G. I. NiHard Revisited. AFS Trans., V.96, | Orleans, LA, Apr. 23-26, 1989, Ferroalloys Assoc., (Roskill Information Services, 
1988, pp. 799-806. 1989, pp. 95-102. London). 

12 Allison, J. E., and G. R. Smith. Fe-Ni-Cr Alloys 23 Slatter, F, and M. Ford. Reactions and Phase Engineering and Mining Journal. 

for Coatings and Electroforms. BuMines RI 9213, 1989, Relationships in a DC Arc Plasma Furnace Producing Ferro- Alloys Directory (Metal Bulletin, 

13 Pp. Ferrochromium. Paper in Proceedings of the 5th Inter- London). 

Laverty, P. D., G. B. Atkinson, and D. P. Des- | national Ferroalloys Congress, New Orleans, LA, Apr. 

mond. Separation and Recovery of Metals from Zinc- | 23-26, 1989, Ferroalloys ‘Assoc. 1989, pp. 103-111. ° Ferro Alloys Manual (The TEX Report, 

Treated Superalloy Scrap. BuMines RI 9235, 1989, 16 24 Wikander, A. B. and P. Rosendahl. The Plasmach- Tokyo). 

pp. rome Process at Swedechrome AB. Paper in Proceedings Industrial Minerals (London). | 

14Govier, R. D. X-Ray Fluorescence Analysis of | of the 5th International Ferroalloys Congress, New Metal Bulletin (London). 

Superalloy Leach Liquors Using a Thin-Film Technique. | Orleans, LA, Apr. 23-26, 1989, Ferroalloys Assoc., Metals Price Report (London). 

BuMines RI 9254, 1989, 8 pp. 1989, pp. 112-119. Metals Week. 

15 Redden, L. D., and D. C. Seidel. Miner., Met., and 25 Stowe, C. W. (ed.). Evolution of Chromium Ore . . 

Mater. Soc., TMS Tech. Paper A89-11, 1989, 20 pp. _| Fields. Van Nostrand Reinhold Co. Inc., 1987, 340 pp. Mining Annual Review (London). 

16 Sczurko, J. J., L. C. George, S. D. Paulson, and M. Petrascheck, W., S. Karamata, G. G. Kravchenko, Z. Mining Engineering. 

| P. Meier. Treatability Tests for Thermal Treatment and | Johan, M. Economou, and T. Engin (eds.). Chromites, Mining Journal (London). 

Chromium Recovery from Tannery Sludge. Paper in | Unesco’s IGCP-197 Project Metallogeny of Ophiolites Mining Magazine. 

Superfund ’88: Proceedings of the 9th National Confer- | (Chromite Deposits and Occurrences). Theophrastus The TEX Report (Tokyo). 

ence of the Hazardous Materials Control Research Pub. S.A., Athens, Greece, 1986, 339 pp. . 

Institute (Washington, DC, Nov. 28-30, 1988). Hazard- 26 Papp, J. F. Chromium. Ch. in Mineral Facts and Federal Register. 

ous Mat. Control Res. Inst., 1988, pp. 413-418. Problems, 1985 Edition. BuMines B 675, 1985, pp. U.S. Department of State dispatches. 

. 17 Turley, D. M. Erosion of a Chromium-Plated Tank | 142-145. Official foreign statistical publications. 
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By Sarkis G. Ampian | 

Mr. Ampian, a physical scientist with 37 years of experience, has been the commodity specialist for clays since 1972. Domestic 
survey data were prepared by Sarkis Ampian and Rosa McGee, supervisory mineral data assistant. The international tables 
were prepared by Peter Roetzel, Harold Willis, and Virginia Woodson, international data assistants. 

Total quantity of clays sold or | were experiencing increasing demand by | reclamation are being enacted. A minimum 
used by domestic producers | foreign and domestic consumers. requirement usually includes leveling or 
decreased about 5% in tonnage | Kaolin accounted for 21% of clay produc- | recontouring the disturbed area and plan- 
while increasing over 8% in | tion but more than 67% clay value. Kaolin | ting trees or grasses to prevent or minimize 

value to a new record high of $1.52 billion. | production of 9.0 million tons and exports of | erosion. For processing, the impoundment 
This decrease in production reverses the | 2.34 million tons were record highs. A re- | of slimes and dust control are usually re- 
upward trend in clay output that had occur- | cord high was also posted for fuller’s earth. | quired. The rules for disposal of coarse tail- 
red for 6 of the previous 7 years. Clays in | ings are similar to or included with those 
one or more of six classification categories, | —___——————— ———— — —'| laws governing reclamation of the mined 
ball clay, bentonite, common clay and DOMESTIC DATA COVERAGE | area. 
Shale, fire clay, fuller’s earth, or kaolin, | =—<“<“<“‘(‘ai‘i‘i‘i‘i;OCS! Many local zoning boards are zoning 
were produced in 44 States and Puerto Rico ; ; clay producers out of business or forcing 

; | Domestic production data for clays are 
during 1989. Clay production was not . them to search for new and usually more 

te developed by the Bureau of Mines from one | ,. . a ; 
reported in Alaska, Delaware, the District ; distant deposits. This in turn increases costs 

; 7 : voluntary survey of U.S. operations. Of the : | 
of Columbia, Hawaii, Rhode Island, Ver- . to the community for these products 

1,080 operations covered by the survey, ; er 
mont, or Wisconsin. The leading seven . because of increased transportation 

. . . 1,026 responded, representing 95% of the 
States, in descending order, were Georgia, total clav and shale production sold or used charges. 
Ohio, Texas, North Carolina, California, shown table 1 P Although domestic clay resources are | 
Wyoming, and Alabama. The cost of fuels, more than adequate and clay is a mature 
such as coal, gas, and oil, were stillama- | __..§_=_=++==SSSESESSSSsSCSCSCS—CSsS—SCSCSSS_ | industry, the average price for clays is ex- 
jor concern to clay producers and manufac- | ISSUES pected to rise steadily. These prices, 
turers trying to reduce operating costs in | ——____________________ |. somewhat reflecting the higher quality re- 
the highly competitive marketplace. In- quirements for the specialty clays, are 
dustrywide: efforts to economize and Clay mining has an environmental im- | for the most part associated with land ac- 
modernize were prevalent during the year. | pact because overburden is moved and a | quisition, severance taxes, land rehabilita- 
Environmental restrictions and associated | hole is excavated. State laws requiring | tion, and environmental and energy factors. 
costs combined with increasing capital cost | ) 
began to affect production. TABLE 1 

Production of common clay and shale 1 
was decreased because the downturn in SALIENT U.S. «LAYS AND SAY LROpueTS STATISTICS 

construction, which resulted from rising in- (Thousand metric tons and thousand dollars) 
terest rates, offset an otherwise mixed de-_ | —— $$ 

mand attributed to a slowing domestic | __-———SSSBH 1987 Ss 198B 1989 
economy. Building rates continued to | Domestic clays sold or used 
decline because of a soft economy in the oil- | by Producers: 
producing States of the Southwest. However, | Quantity, 40,800 40,479 43,234 44 SIS 42,254 
firming oil prices for the first three quarters Value $1,011,377 $1,095,179 $1,202,284 “$1,390,908 $1,515,300 

of the year not only increased drilling | Exports: 
activity for gas and oil but also slightly im- | Quantity 2,522 2,643 3,023 3,535 3,755 

proved the overall business atmosphere. Value $309,871 $351,161 $512,964 $516,566 $550,343 
Increases in production for all of the | Imports for consumption: 

specialty clays—bentonite, fire clay, and | Quantity 37 34 34 33 28 

kaolin—except for ball clay and fuller’s | ~Vaiye ~SSOSCSCSCS~« SSB ~S~«ST SOL ~*89G92~*H_BBS—§10<928 
earth, resulted from an improvement in the Clay refractories chipmemts) «ST 

. . ay refractories shipments: 
mixed economy overall and a continued | Vatue $629,738 $529,268 $617,493 NA NA 
strong export demand. The steel, oil and Clay construction products. =—=S=<C~*~*sé‘“‘S~*”*;*;*~<~‘Ci‘it 
gas exploration, and foundry industries, all | shipments: Value $1,427,851 $1,601,640 $1,782,023 NA NA 
major consumers of specialty clays, had ad- | ‘Revised. NA Not available. 
Justed to lower levels of production and | ‘Excludes Puerto Rico. 
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TABLE 2 

CLAYS SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 1989, BY STATE’ 
(Metric tons unless otherwise specified) 

Ball . Common Fire Fuller’s _ Total 
State clay Bentonite clay clay earth Kaolin Total value 

and shale 

Alabama — W 1,703,001 108,241 — 66,828 21,878,070 2$23,537,759 | 

Arizona — 36,853 151,358 — — — 188,211 2,506,726 

Arkansas — — 627,825 — — 243,488 871,313 17,390,659 

California 477 152,663 1,919,694 — — 122,996 2,195,830 39,243,331 

Colorado — 272 248,308 7,477 — 9,378 265,435 2,064,361 

Connecticut — — W — — — W W 

Florida — — 115,981 — 405,069 42,632 563,682 ~ 46,940,900 

Georgia — | _— 1,606,546 — 667,244 7,494,522 9,768,312 1,004,953,225 

Idaho — W W — —_ 8,100 20,618 W 

Illinois — — 142,207 — WwW — 3142,207 324,200,095 

Indiana — . — 871,179 — — — 871,179 3,835,574 

Iowa — — 439,323 — — — 439 ,323 1,772,934 

Kansas — W 533,099 — — — 2533 ,099 22,699,864 

Kentucky WwW — 716,990 WwW — — 4 5716,998 4 310,863,307 

Louisiana — _— 233,992 = — _— 233,992 6,114,609 

| Maine — — W — — = WwW WwW 

Maryland — — 351,464 — — — 351,464 1,882,283 

Massachusetts — | — W — — — W W 

Michigan — — 1,249,198 — — | — 1,249,198 4,598,922 

Minnesota — — W — — WwW W W 

Mississippi WwW 401,748 497,625 — — — 4899 373 429,161,419 

Missouri — — 1,048,814 431,084 W — 31,479,898 332,474,448 

Montana — 65,567 30,176 W — — 395,743 51,840,726 

Nebraska — — 224,624 — — — 224,624 879,546 

Nevada — 40,045 — — 17,219 WwW 657,264 66,016,172 

New Hampshire — — W — — — WwW W 

New Jersey — — W 18,492 — — W W 

New Mexico — — 27,887 3,125 — — 31,012 94,209 

New York — — 531,559 _— — — 531,559 3,428,813 

North Carolina — — 2,204,617 — — 65,767 2,270,384 15,528,692 

North Dakota — — 47,903 — — — 47,903 W 

Ohio — — 3,296,737 222,931 — — 3,519,668 14,983,071 

Oklahoma — — 565,956 — — — 565,956 1,618,977 

Oregon — 12,004 198,889 — — — 210,893 875,772 

Pennsylvania — — 1,035,514 14,459 — WwW 61,049,973 66,140,974 

Puerto Rico — — 136,873 — — — 136,873 310,888 

South Carolina — — 931,059 — 5,443 659,651 1,596,153 39,075,215 

South Dakota — — W — — — WwW WwW 

Tennessee 640,638 — 496,514 — W = Ww Ww 
Texas WwW 40,059 2,203,895 2,348 30,327 W 2,276,629 0° 

Utah — 45,650 276,299 — — — 321,949 2,633,139 

Virginia — — 1,001,394 — W — 31,001,394 311,402,335 

Washington — — 230,480 2,787 — — 233,267 1,590,871 

West Virginia — — 251,385 — — — 251,385 553,474 

Wyoming — 2,166,497 WwW — — — W W 

Undistributed 262,365 151,007 545,823 14,986 756,209 260,306 75,300,311 7128,886,672 

Total 903,480 3,112,365 26,694,188 825,930 1,881,511 8,973,668 42,391,142 1,515,611,013 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Total’’ and/or ‘‘Undistributed.”’ 

NIncludes Puerto Rico. 

2Excludes bentonite. 

3Excludes fuller’s earth. 

“Excludes ball clay. 

5Excludes fire clay. 

®Excludes kaolin. 

Incomplete total; difference included with individual State totals. 
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) TABLE 3 These rising prices, if unchecked, will have 

NUMBER OF MINES FROM WHICH PRODUCERS SOLD OR USED —_| 2” #¢Verse affect on the clay industry by 
CLAYS IN THE UNITED STATES IN 1989, BY STATE’? socioeconomically eractive 

. Common . , ee 

State Ot Bentonite clay clay aa . Kaolin Total PRODUCTION 9 PRICES, AND 

| * and shale FOREIGN TRADE 
Alabama — 1 22 4 — 19 rr 

Arizona — 3 5 — — — 8 Kaolin | 

Arkansas — — 16 — — 4 20 . 
California. 1 5 Al _ _ 4 51 Domestic production of kaolin was 
aa _ _ relatively unchanged at 9.0 million tons 
ee _ | 5 3 _ _ " while its reported value increased more than 

——______——_ 9% to $1.02 billion. Both the reported out- 
Florida 7 7 3 7 4 I 8 put and value, for the fourth consecutive 
Georgia — 15 _ 8 14 97 year, reached record highs. Kaolin, in 

Idaho I 1 — — 2 4 | general, and filler grades, in particular, have 
Illinois — — 9 — 2 — 11 | enjoyed steady growth for most of the past 
Indiana — ~_ 13 — — 1 14 | 17 years, with output increasing from 60 
Towa — — 11 — — — 11 | million tons in 1973 to the record-high ton- 
Kansas — 1 18 — — — 19 | nage this year of slightly more than the 9.0 
Kentucky 5 _ 14 1 _ _ 20 | million reported last year. The unit value of 
lousiana”~—~=CS _ 8 _ _ _ g | kaolin rose more than 9% to $113.95 per ton, 
Mine — _ 3 _ _ _ 3 | with filler- and refractory-grade kaolin 
Mayland _ 7 _ _ _ 7 leading the way in higher reported values. 
—— Kaolin was again produced in 13 States, with 
Massachusetts — 2 — — — 2 | Georgia (84%) and South Carolina (7%) ac- 
Michigan = ~ 6 ~ ~~ _ © | counting for 91% of total production. 
Minnesota = — I — — 2 3 | Georgia accounted for more than 92% of 
Mississippi 1 5 16 — I _ 23 | the posted values. Georgia produced all 
Missouri — — 9 39 2 — 50 | grades of kaolins: filler, refractory, chemical 

Montana — 15 5 1 — — 21 | and water-washed, air-floated, and un- 

Nebraska — — 5 — — — 5 | processed. South Carolina produced only 
Nevada  #— 6 _ _ _ 2 g | the latter two. Arkansas, Minnesota, 
New Hampshire — _ 1 _ _ _ 1 caniomia, reas, Alabama, and North | 
New lamang _ _ _ arolina were the other six major produc- 
So _ _ ; , _ _ : tion States. Arkansas and California pro- 
$$ duced refractory- and chemical-grade 

New York 7 7 ? 7 7 7 ? | kaolins. Kaolin producers reported major 
North Caroling — 45 a ~ 2 47 | domestic end uses for their clay as follows: 
North Dakota — — 3 — — — 3 | paper-coating, 35%; paper-filling, 21%; 
Ohio — — 49 7 — — 56 | refractories, 11%; fiberglass and insulation, 
Oklahoma — — 15 — — — 15 | 6%; face brick and rubber, 4% each; paint 
Oregon — 10 7 — _ — 17 | and chemicals, 3% each. 

Pennsylvania — = 30 4 — 1 35 Kaolin production was slowed by the 
Puerto Rico #§ — _ 2 _ oo _ 2 | slowdown in the overall economy, par- 
South Carolina. to — _ 3] _ 1 7 49 | ticularly in the downturn in paper produc- 
South Dakoa—ti‘(‘S _ 1 _ _ _ , | tion. Softer demands for paper-, catalyst-, 
Temessee —s-‘ZB _ 6 _ 3 _ > | Plastic-, and paint-calcined grades, were 
Tome 4 5 63 ; \ |! 16 offset by a strong export demand because 
—_— of a continued weak U.S. dollar, keeping 
Usb 3 10 _ - a 13 production unchanged from 1988. The 

Virginia — 14 — I — 15 | strong inroads of calcium carbonate, both 
Washington — — 8 3 — _ 11 | ground and precipitated, as substitutes for 
West Virginia — — 3 — — — 3 | kaolin in the paper-filling markets has yet 
Wyoming =~ 164 2 = = — 166 | to manifest itself in the statistics. Apparently 

Total 24 220 562 67 23 130 1,026 | the growing demand for coated paper has 
‘Includes both active and idle operations. masked the calcium carbonate inroads. 

“Includes Puerto Rico. Capacity increases in water-washed and 
calcined grades started in the past few years 
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were gradually coming on-stream to meet | ing the year. Wilkinson Minerals Inc., Despite strong foreign competition and 
the projected demand of catalyst, paint, | Gordon, GA, the marketing affiliate of | a fluctuating U.S. dollar, exports of kaolin, 
paper, and plastic manufacturers. The an- | Wilkinson Kaolin Associates Ltd., added | reported as clays by the U.S. Department 
ticipated excess capacity and slowdown in | sufficient capacity to triple its production | of Commerce, increased more than 9% to 
economy is expected to cause a downward | to an estimated 250,000 to 300,000 tons per | 2.34 million tons valued at $371 million. 
pressure on prices. Kaolin refractory sales | year (tpy). Evans Clay Co., Summit, NJ, | The unit value of the exported clay increas- 
were steady for the first three quarters. In- | doubled its storage and loading capacity at | ed to $158.70 per ton or about 2% more 
creased demand for high-alumina, kaolin- | McIntyre to accommodate both bulk and | than that of 1988, indicating that a higher 
base refractory bricks and specialties by the | large ton bags on a 24-hour basis. percentage of premium-quality grades was 
foundry and steel industries was mostly In development work, the Minnesota State | shipped. Kaolin, including calcined 
responsible. Sales to cement manufac- | Legislature authorized $75,000 per year for | material, was exported to 67 countries, 2 
turers, a major consumer, were restrained | 2 years to research bringing about a local | more than in 1988. The two new countries 
during the year because of continued lower | kaolin industry based on the clays found in | were mostly small importers. The major 
construction rates. The refractory industry, | the southwest sections of the State. The | recipients, in descending order, were 
which became acclimated to lower levels | work will stress test drilling on public lands | Japan, Canada, Italy, the Netherlands, 
of production brought about by changes in | to determine the kaolin reserves in the pro- | Finland, and Mexico. Exports to Finland 
steelmaking and refractories technology | mising areas that proponents claim are in- | decreased about 15% to 159,056 tons. Since 
and imports, was put in an enviable posi- | sufficient on which to base a viable industry | 1985, Finnish imports of U.S. kaolin rose 
tion of meeting the unexpected upsurge in | because of company confidentiality. from only 21,000 tons to the high water- 
demand. Production of the three paper- In acquisitions and divestitures, C-E of | mark of 187,000 tons in 1988. Finnish im- 
grade kaolins increased in 1989 from less | Stamford, CT, and ABB Asea Brown | ports in the past, destined for their large 
than 5.9 to slightly more than 5.9 million | Boveri Ltd. of Switzerland agreed to a | domestic papermaking industry, have been 
tons. Water-washed production increased | definitive merger in which ABB will pur- | largely from the United Kingdom. Kaolin 
2% while low-temperature calcined and | chase all the outstanding shares of C-E. C- | producers reported end uses for their ex- 
delaminated production decreased 11% and | E is the parent company of Georgia Kaolin | ports as follows: paper-coating, 68%; 
1%, respectively. Co., a world class producer of a full line | paper-filling, 18%; rubber, 5%; paint, 2%; 

All Georgia and South Carolina kaolin | of water-washed and air-floated kaolins in | and other, including ceramics and refrac- 
filler-extender-pigment producers, both | Georgia. Another subsidiary, C-E Minerals | tories, 7%. 
air-floated and water-washed, continued to | Co., in Georgia at Andersonville is the Kaolin imports for consumption decreas- 

-| modernize, to reduce unit operating costs, | world’s largest refractory calcine and/or | ed about 60% to 3,106 tons valued at $1.3 
and to produce higher valued products. | grog producer. Hecla Mining Co., Coeur | million. The unit value rose about 60% to 
Emphasis continued to be placed on energy | d’Alene, ID, in another kaolin move, | $412.05 per ton, reflecting the continuing 
related costs and expanding the production | finalized an agreement to purchase the | strong worldwide demand for premium- 
capabilities for calcined pigment lines us- | kaolin operations and assets of Cyprus | quality kaolin. No Chinese imports were 
ed chiefly by the growing paper, plastics, | Minerals Co.’s clay division. The acquisi- | noted for the year. 
paint, rubber, and catalyst industries. The | tion included kaolin mines and air-float Kaolin prices quoted in the trade jour- 

| major enlargements of calcined clay capaci- | plants at Deepstep and Sandersville, GA, | nals generally advanced during the year. 
ty in Georgia by Engelhard Corp.’s | and Aiken, SC. The purchase allows Hecla | Chemical Marketing Reporter, December 
Pigments and Additives Div., Anglo- | to offer ceramic grades of kaolin to com- | 29, 1989, quoted prices in short tons as 
American Clays Corp. (a subsidiary of | plement its ball clay lines supplied by its | follows: 
English China Clays (ECC) America Inc.), | subsidiary, Kentucky-Tennessee Clay Co., | ——————_____ 

Georgia Kaolin Co. (a subsidiary of | (K-T) Mayfield, KY. The Georgia and | Water-washed, fully calcined bags, 
Combustion-Engineering Inc. (C-E), J.M. | South Carolina operations will be operated _carload lots, f.0-b. Georgia per ton__$323.00 
Huber Corp., and Nord Kaolin Co. (a sub- | by K-T. In another air-float acquisition, | ©#¢ied. Paper-grade, same basis, 

4: . per ton 470.00 
sidiary of Nord Resources Corp.) were all | Evans Clay Co. purchased the air-float Panererade uncaldned bulk caload 
completed by yearend. All the major water- | business of J.M. Huber Corp’s Clay Div. | “O° co sia, er ‘on 
washed kaolin producers now have a calcin- | in Huber, GA. The deal allows Evans Clay No lease 
. “4: . . . . o. 1 coating 110.00 
ing capability. In noncalcining kaolin | to acquire only Georgia crude clay reserves Nod coating og 
development, J.M. Huber Corp. was more | and the rights to tradenames on four air- AO coming 
than half way through its plans to add | float products. No employees or plant _No. 3 coating 8 

another 250,000 tons of nameplate spray- | equipment were involved. These products | _No.4 coating 82.00 
drying capacity at Huber, GA, by early | will be formulated by Evans at its McIn- | Filler, general purpose, same basis 
1990. Huber also successfully completed | tyre, GA, plant. Clayburn Industries Ltd., | Pertom 0 
installation of reportedly the world’s largest | Abbotsford, British Columbia, Canada, a | Delaminated, water-washed, 

. . . . . uncalcined, paint-grade, 1-micrometer 
superconducting high-gradient magnetic | producer of refractory-grade kaolin average, same basis, per ton 284.00 
separator (HGMS) system. The HGMS | calcines at Bovill, near Moscow, ID, was Dry-ground, airfloated, soft, same 
system, a 120-inch diameter and 500-ton | acquired by [XL Industries Ltd., Medicine | — pasis, per ton a 52.00 
unit, operates continuously with power | Hat, Alberta, Canada. The dead-burned National Formultary, powder, colloidal, 
consumption at the magnet reduced to zero. | clay is fired at Bovill and shipped to Ab- | pacteria controlled, 50-pound bags, 
Two major expansions in air-float capaci- | botsford for refractory-brick and monolith | 5,000-pound lots, per ton 273.00 
ty and operations were also completed dur- | specialty manufacturing. Average of quoted prices. 
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FIGURE 1 of a sluggish overall economy and rising 

KAOLIN SOLD OR USED BY DOMESTIC me ge een re tht dered com 
, PRODUCERS FOR SPECIFIED USES slowdown in the overall economy continued 

from the last quarter of 1988. _ 
10,000 | Increased production capacities, moder- 

ee nization, and/or new plant construction 

| | | proceeded slowly during the year while ac- 
” 8,000 nemesis pg quisiti ons, divestitures, and Jor mergers 

= Total SEIN 

© Beare mm Co | ~~ | were prevalent. Ball clay producers were | 

= 6,000 BCther i, | | capabilities to produce, store, and ship 
CO |_| Gmnostly by sturry-tank rail car) water- 
= ee ee ee eee) | slurried ball clay for ceramic markets, 

a2 SS ee chiefly sanitaryware, or developing this 
Z 4,000 Fooccsco einen eS SSS oc a eneeeessensse 1 : : ’ 
< Lene rc cccccccccrieceeerereceecmecnnnn ne ennccncccccccccccccc ccc cre ellen apefetenenenenenenepepeheneneteteseterapesegetesssnaninnnnsmenesesessonsmssemieiansanstaninmsamesacecenetas capability. The divestiture of Cyprus clay 

B paper filling angcoating = || cision was again of considerable interest 
S| | dtring the year (see Kaolin section of this 
x 2000 eR | chapter). Hecla’s attempt last year to also 

NWR EE ERS WSS . ; 
‘hearted Phe pede ase we 

| 0 a EE regulatory agencies. Watts, Blake, Bearne 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989| & Co. PLC (WBB), Devon, United 

: Kingdom, on March 31 acquired the same 
| assets through its American operating sub- 

sidiary, United Clays Inc., for $7.3 million. 
This purchase is strategically important to 

| WBB because it establishes the group with 
| TABLE 4 a base in its core activity, largely clays, in 

KAOLIN SOLD OR USED BY PRODUCERS IN THE North America: United Clays, based in 
UNITED STATES, BY STATE Gleeson, TN, produces ball clays com- 

parable with WBB’s Devon clays that it 
| «mines in the United Kingdom. The assets 

1988 1989 include extensive reserves in Mississippi 
State Metric tons Value Metric tons Value and Tennessee, as well as permanent and 

Alabama ~—~—~S~S~«é‘“sSs«ST7.~S*~‘“‘«‘«*«SSWCYSCTWQO~~~*«~“‘;‘:*«iS«SBB~C*é‘CO;COC‘«SS4,O7«222:~«|«~MMDOiille traci and processing facilities. 

Arkansas s—=~<C«é SS 13,864,977 243,488 15,716,778 | The average unit value for ball clay 
California 129,900 5,015,151 122,996 5,089,029 | Teported by domestic producers increased 
———— r 6% to $45.21 per ton. Chemical Marketing 
Colorado 2,897 35,112 9,378 131,603 . 

Florida 40,149 3,654,680 42,632 3,911,500 Repo rte t, December 29, 1989, listed ball 
——— _—___—_—_ , oon ° or clay prices, per short ton, unchanged from 
Georgia. 7,427,640 861,334,508 7,494,522 944,862,508 those of 1988, as follows: 

North Carolina 47,896 1,581,316 65,767 1,929,558 a 

South Carolina 720,152 34,230,599 659,651 36,471,151 Domestic, air-floated, bags, carload lots, 

Other! 306,831 13,250,013 268,406 10,377,057 Tennessee, per ton $49.00 

Total 28 973,089 "934,684,576 8,973 ,668 1,022,586,406 | Domestic, crushed, moisture-repellent, 

"Revised. bulk carload lots, Tennessee, per ton 24.00 

1Includes Idaho, Minnesota, Nevada, Pennsylvania, and Texas. 
2Data do not add to total shown because of independent rounding. Ball clay exports i approximately 

16% to 157,000 tons valued at $6.8 million. 

Unit value declined slightly to $43.62 from 

Ball Clay demand for water-slurried Tennessee ball | $44.54, reflecting a smaller percentage of 
clays, combined with the number of pro- | higher valued clays. Shipments were made 

Production of domestic ball clay decreas- | ducers, allowed the publication of addi- | to 25 countries, 1 more than in 1988. The 
ed almost 9% to about 1.0 million tons | tional production statistics. The principal | major recipients, in descending order, were 
valued at about $41 million. Tennessee sup- | ball clay market was ceramics, mostly din- | Mexico (51%), Canada (38%), and the re- 
plied 71% of the Nation’s output, followed | nerware, pottery, sanitaryware, and wall | maining countries (11%). The expanding 

by, in descending order of production, Ken- | tile. Domestic producers continued to en- | Mexican ceramic markets continued to be 

tucky, Mississippi, Texas, and California. | joy a strong export market, usually about | supplied largely with domestic clays 
Production increased in all the major pro- | 15% of total production. The domestic in- | because of international financial dif- 
ducing States. The continuing growth in | dustry was slowed during the year because | ficulties. Mexican ceramic exports, mostly 
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TABLE 5 Fire Clay 

KAOLIN SOLD OR USED BY PRODUCERS IN THE 

UNITED STATES, BY KIND Fire clay sold or used by domestic pro- 
$$ SSsSSSSSSSSSSSSsSSSSS—CCCC | ducers increased about 4% in production 

1988 1989 and 12% in value over that of 1988. This 
Kind Metric tons Value Metric tons Value increase in production coupled with the 

Airfloat ——=—=—~—=«i 529,397 —~—~=«$80,231,491 ~—~—«1,571,082 +~—~—«*$86~,081,048 | reported increase in 1988 marks only the 

Calcined' =———~=~*~*«i*SiS GD, 8 DS 300,114,258 1,437,639 307,291,330 | third major upturn in production in more 
Delaminated  —1, 196,369 130,911,947 1,179,899 142,158,224 | than 10 years. The increase was attributed 
Eo chiefly to expanding exports and the 
Unprocessed 740,008 16,081,244 650,101 15,959,669 recovering smokestack industries, which | 
Waterwashed 4,043,891 407,345,636 4,134,947 _ 471,496,135 | consumes the bulk of manufactured fireclay 
__Total 78,973,089 934,684,576 8,973,668 __—1,022,586,406 | refractories and clays. Fireclay production 
‘Revised. . declined from the record highs of the ear- 
Includes both low-temperature filler and high-temperature refractory grades. 5 : oaae 

2Data do not add to total shown because of independent rounding. ly 1970 S, approximately 4 million tons, to 

about 2 million tons in the early 1980’s, and 
: eventually to the low of 592,000 tons in 

| TABLE 6 1986. 
| . Industrywide expansions and moderniza- 

CALCINED KAOLIN SOLD OR USED BY PRODUCERS IN THE tions, previously canceled or deferred un- 

UNITED STATES, BY STATE til economic conditions improved, were 

cautiously being started again. Manufac- 
High-temperature Low-temperature turing plants and production lines that were 

State | Metric tons sS«CWVadlule Metrictons ~—Vailue—-—s*|:-« OPeational were working at full capacity 
ee FT OTT TCT |} and/or throughput. The increased demand 
BB for higher quality fireclay-base product 

Alabama and Georgia 452,152 $50,361,214 620,522 '$224,324,778 | lines was further exacerbating a difficult 
Other 729,695 “16,086,192 90,456 __*9,342,074 | situation by their slower kiln throughput 

Total 751,847 66,447,406 710,978 233,666,852 compared with the lower quality lines. 

1989 The clay refractory industry had been in 

Alabama and Georgia ‘508,931 61,260,150 1585,836 1222,549,571 | @ period of low production because of 
Other —~—<Ct~*i‘s*~*~*~*«297« 362 217,213,208 45,511 6,268,401 | decreased demand brought about by 

tToal "806,292 "78,473,358 631,347 228,817,972 technological changes and lower consump- 
‘ExdudesAubama oo | tion levels by its major users—steel, 

Includes Arkansas, California, Colorado, Idaho, and South Carolina. nonferrous metals, ceramics, glass, and 

“Includes Pennsylvania and Texas. minerals processing industries. The 

technological changes in steelmaking, away 
from integrated pig iron systems and toward 

TABLE 7 electric furnaces and/or minimills, further 

GEORGIA KAOLIN SOLD OR USED BY PRODUCERS, BY KIND compounded the problem by employing 
| shapes and specialty refractories requiring 

WSS eo | less fire clay. 
Kind ss FP A world leader in refractory materials 

Metric tons Value Metric tons Value production, Didier Refractories Ltd., 
Airfloat 1,000,005 $43,064,962 1,023,746 $45,949,035 | signed a letter of intent offering to acquire 

Calcined! 1,037,827 273,084,778 1,043,964 278,297,221 | all the remaining outstanding shares of 
Delaminated = ‘1,196,369 130,911,947 1,179,899 142,158,224 | North American Refractories Co. (NAR- 
Unprocessed ——~*«é«dY*SWCB'LB 8,505,018 180,052 8,465,799 | CO), Cleveland, OH, not already owned 
Waterwashed ——«3,994, 121 405,767,803 4,066,860 469,992,229 | by Didier. Last year Didier obtained a 35% 
Tol SCS*«*Tz«2 7,640 861,334,508 77,494,522 944,862,508 minority interest in NARCO. The offer is 

Includes both low-temperature filler and hightemperature weftacion grades’ SCC *s @Otingent on the approval of greater than 
2Data do not add to total shown because of independent rounding. 80% of non-Didier shar eholders, Didier’s 

board, and regulatory agencies. NARCO 
is expected to retain its name, management, 
and operating automony. In another move, 

to the United States, are made chiefly with | $373,911. The unit value of these clays in- | Bast Rock Partners Ltd. Partnership, a New 
_ | U.S. and domestic clays. creased more than 40% to $252.13 per ton, | York investment partnership, announced a 

Ball clay imports for consumption, | indicating an increasing percentage of the | 7.3% stake in A.P. Green Industries Inc. 
almost entirely from the United Kingdom, | higher valued beneficiated varieties than in Mexico, MO, common shares outstanding, 
also decreased 8% to 1,483 tons valued at | previous years. : and East Rock intends to make a bid for 
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| TABLE 8 

GEORGIA KAOLIN SOLD OR USED BY PRODUCERS, BY USE 
(Metric tons) . . 

1988 | 1989 

Use Air- Unprocessed! Water Total? Air- Unprocessed! Water Total? 
float washed? float washed? 

Domestic: 

Adhesives 13,552 — 26,346 39,898 9,220 — 17,139 26,359 

Aluminum sulfate and other chemicals 4,536 136,078 — — 140,614 6,560 167,104 — 173,664 

Asphalt tile and linoleum 28,503 — 58 28,561 3,425 — — 3,425 

Catalysts (oil-refining) 17,121 — 49,670 66,791 11,858 — 40,670 52,528 

Face brick — 12,710 — 12,710 — —_— — — 

Fiberglass and mineral wool 227,219 — 56,408 283,627 249,899 — 43,124 293,023 

and earthenware 42,300 — 143 42,444 22,462 — — 22,462 

Firebrick, blocks and shapes 27,216 4,754 85 32,054 27,267 4,536 — 31,803 

Grogs and calcines, refractory 36,518 387,368 479 424,365 36,495 390,027 424 426,946 

Medical, pharmaceutical, cosmetic — — 1,181 1,181 369 — 420 789 

Paint 20,559 — 236,457 257,015 18,757 — 199,649 218,406 

Paper coating — — 2,483,325 2,483,325 — — 2,568,846 2,568,846 

Paper filling 202,895 — 1,253,892 1,456,787 229,758 — 1,312,644 1,542,402 

Plastics 370 — 47,133 47,503 370 — 40,177 40,547 

Pottery 25,217 — 1,190 26,407 26,324 — — 26,324 

Refractories‘ | 12,697 6,350 5,254 24,302 12,707 6,350 5,741 24,798 

_ Roofing granules . 9,706 — — 9,706 10,143 — — 10,143 

Rubber 31,943 — 16,464 48,406 77,630 — 19,556 97,186 

Sanitary ware 22,348 — _ 22,348 33,018 — — 33,018 

Miscellaneous, airfloat: : 

Common brick, fertilizers, gypsum products, 
pesticides and related products, roofing and 
structural tile, other uses not specified 194,572 — — 194,572 172,726 — — 172,726 

Miscellaneous, unprocessed: 

Fertilizers, pesticides and related products, 
other uses not specified — 39,426 — 39,426 — 37,624 — 37,624 

Miscellaneous, waterwashed: 

Gypsum products, ink, pesticides and related 
products, waterproofing and sealing, 7 | 
fertilizers, other uses not specified — — 189,779 189,779 — — 147,516 147,516 

Total? 917,270 586,686 4,367,865 5,871,821 948,988 605,641 4,395,906 5,950,535 

Exports: oo ne oe 

Paint — — 31,293 31,293 — — 27,115 27,115 

Paper coating 22,696 — 1,073,315 1,096,011 20,650 — 1,074,973 1,095,623 

Paper filling 28,268 — 267,065 295,333 32,479 — 262,155 294,634 

Refractories — 29,937 — 29,937 — 32,540 — 32,540 

Rubber 9,072 — 22,221 31,293 — — 17,451 17,451 

Undistributed 22,700 — 49,251 71,951 21,629 — 54,995 76,624 

Total? | 82,735 29,937 1,443,146 1,555,819 74,758 32,540 1,436,689 1,543,987 

Grand total? 1,000,005 616,623 5,811,012 7,427,640 1,023,746 638,181 5,832,595 7,494,522 

NIncludes high-temperature calcined. 

Includes low-temperature calcined and delaminated. 

3Data may not add to totals shown because of independent rounding. 

“Includes electrical porcelain; floor and wall tile, ceramic; flue linings; glazes, glass, and enamels; high-alumina brick and specialties; kiln furniture; refractory mortar and cement. 
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TABLE 9 producers, ranged from about $60 to $40 

SOUTH CAROLINA KAOLIN SOLD OR USED BY PRODUCERS, per ton, indicating a valued fire clay was 
being recovered and processed. 

BY KIND 

| Bentonite 

, 8 
Kind Metric tons Value Metric tons Value Bentonite production increased more 

Aufloa TTBS S””*8§82S04576—~*«O,SO3~*~*«S;«383,831 | tha 8% to about 3.1 million tons while the 

Unprocessed ——242,867 1,726,023 165,088 1,087,320 | Value rose 17% to $125.1 million. This 
Tol 720,152 "34,230,599 659,651 "36,471,151 | crease marked the second major upturn 

__— Or EE | in production since the record-high year of 

1981 when output was 4.4 million tons. The 

| 1987 production figure of 2.5 million tons 

was the lowest reported figure in the past 

TABLE 10 17 years. Wyoming, the largest producing 

SOUTH CAROLINA KAOLIN SOLD OR USED BY PRODUCERS, State, increased production slightly. Produc- 
BY KIND AND USE tion also continued in Montana. Wyoming 

(Metric tons) and Montana are traditionally the first and 
second largest swelling bentonite producing 

fp | States, respectively. Domestic consumption 

Kind and use | 1988 1989 | for three major end uses, drilling mud, 
Airfloat: foundry sand, and iron ore pelletizing, 

Adhesives 13,307 13,084 | excluding foundry sand, increased | 

Animal feed and pet waste absorbent 3,480 3,480 | modestly in response to improvements in 

Ceramics! Ost—<“i‘—S~*~*~*~*~*~*~*~*~*~:~:~™ 4,687 5,354 | the overall smokestack industries. 

~ Fertilizers, pesticides and related | Bentonite was produced in 13 States. The 

products 19,053 19,053 | high-swelling or sodium bentonite continue 

Fiberglass 135,164 137,754 | to be produced chiefly in Wyoming. The 

paint ©. 470 542 | low-swelling or calcium bentonite 

Paper coating and filling —~—~SOS~S~S# 18,953 17,658 continued to be produced in the other 

a 0890 | States, mostly east of the Mississippi River. 
Plastics 7,207 8,275 . . . 
—_ Calcium bentonite production in Alabama 
Rubber 154,878 160,524 . eee . . 

— and Mississippi, the major producing 

_Refractories® 8,933 8,667 | States, is suitable for the production of 

_Otherusese 53,380 59,161 | absorbent, acid-activated, and foundry 
Exports* 58,172 61,009 products. 

Total5 477,285 494,563 The major and captive producers of 

| Unprocessed: Face brick and other uses 242,867 165,088 | bentonite continued to expand their product 

 GrandtoalSstsé—“‘SCO™~*~*~*~*~*~*~™” 720,152 659,651 | limes in new marketing areas and 

Tncludes crockery and carhonware elocical porcdlan; fine china and dinnerware; Qoor and wal le; potery; and roofing ramus. | TeStructured to minimize problems 
2Includes refractory calcines and grogs; firebrick, blocks and shapes; refractory mortar and cement; and high-alumina refractories. associated with industry overcapacity. In 

3Includes animal oil; catalysts (oil-refining), chemical manufacturing; ink; medical; sewer pipe; and unknown uses. addition, no acquisitions, mergers, or 

4Includes ceramics; adhesives; paper filling; pesticides and related products; and rubber. . . . 

5Data may not add to totals shown because of independent rounding. divestitures were noted during the year. In 

a major announcement, Laporte Industries 
Ltd. of the United Kingdom established a 

the company. A.P. Green, a former unit of | domestic production. Output increased in | North American marketing and technical 

USG Corp., was spun-off to USG share- | every producing State, except Ohio, and | service organization to promote its 

holders in February 1988. A.P. Green, an | continued in Colorado. ‘“‘Laponite” line of synthetic hectorite-type 

acquisition of its own, acquired Detrick Exports of fire clay increased about 12% | clays suitable for rheological control in 

Refractory Fibers Inc. from M.H. Detrick | to 284,000 tons. The unit value of exported | paints, cosmetics, and various industrial 

Co. Ltd. The new addition makes vacuum- | clay increased about 14% to $84.54 per | and pharmaceutical suspensions. In a 

foamed refractory fiber’s for the glass, | ton, indicating that the trend of shipping | related Government action, the Food and 

ceramic, metal, and petrochemical | a larger percentage of premium-quality | Drug Administration amended food 

industries at a facility in Ellisville, MS. | material continued. Fire clay was exported | additive regulations to provide for the safe 

This acquisition gives A.P. Green a new | to 34 countries, 2 more than in 1988. The | use of chemically modified bentonites and 

product line in one of the fastest segments | major recipients, in descending order, were | hectorites in foodstuffs.! 

of the refractories industry. Mexico, Belgium-Luxembourg, Japan, the On December 29, 1989, Chemical 

Fireclay production was again from | Netherlands, and Australia. Fireclay | Marketing Reporter quoted domestic 

mines in 11 States. Missouri, Ohio, and | imported from three countries amounted to | sodium bentonite, 200-mesh bags, carload 

Alabama, in descending order of volume, | 149 tons valued at $77,000. lots, f.o.b. mines, at $30.50 per ton. The 

accounted for more than 92% of the total The unit value for fire clay, reported by | average unit value reported by domestic 
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TABLE 11 

KAOLIN SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 
(Metric tons) 

1988 1989 

Use fang Unprocessed! ie Total? wang Unprocessed! neta Total? 

Domestic: 

Adhesives 26,859 — 26,346 53,205 22,304 — 17,198 39,502 

Aluminum sulfate and other chemicals 4,536 207,405 — 211,941 4,536 208,290 — 212,826 

Animal feed 43 166 4,264 4,472 3,480 — 4,091 7,571 

Brick, extruded and other 54,431 306,271 11,539 372,242 49,431 193,910 59,875 303,216 — 

Catalysts (oil and gas refining) | | 53,358 3,253 51,888 108,499 50,420 — 42,888 93,308 

Cement, portland — 201,012 — 201,012 — 188,286 — 188,286 

China and dinnerware 48,357 — — 48,357 15,172 — — 15,172 

| Crockery and other earthenware 3,025 1,455 143 . 4,624 16,815 1,139 — 17,954 

Electrical porcelain 12,733 — 2,218 14,951 13,066 — 2,218 15,284 

Fertilizers* 3,480 1,167 286 4,932 40 — 2,250 2,290 

Fiberglass, mineral wool and other insulation 362,383 10,398 88,292 461,073 387,653 13,517 71,499 472,669 

Firebrick, blocks and shapes 51,279 100,738 4,712 156,729 50,681 59,788 4,823 115,292 

Floor and wall tile, ceramic; glazes, glass, enamels 16,975 65 3,742 20,783 17,660 1,605 4,497 23,762 

Flue linings, highalumina brick and | 
specialities 724 66,225 — 66,948 762 69,639 — 70,401 

Foundry sand 501 84 — 585 524 145 — 669 

Grogs and calcines, refractory 38,934 510,537 479 549,949 39,726 588,800 424 628,950 

Gypsum products and wallboard 4,303 3,953 4,627 12,882 7,700 2,380 122 10,202 

Ink — — 2,262 2,262 — — 2,025 2,025 

Kiln furniture; refractory mortar and cement 4,544 — 1,512 6,056 4,689 1,344 1,244 7,277 

Linoleum and asphalt tile 28,503 — 58 28,561 4,085 — — 4,085 

Medical, pharmaceutical, cosmetic — — 3,288 3,288 369 — 2,972 3,341 

Paint 21,029 3,426 269,895 294,350 19,299 5,429 201,667 226,395 

Paper coating | — — 2,483,325 2,483,325 — — 2,568,846 2,568,846 

Paper filling 221,848 — 1,257,974 1,479,822 247,417 — 1,313,577 1,560,994 

Pesticides and related products 19,186 35,939 476 55,601 19,309 — 383 19,692 

Plastics 7,577 930 47,133 55,639 8,645 — 40,177 48,822 

Pottery 28,397 — 1,190 29,587 30,147 — — 30,147 

Roofing granules 10,239 — — 10,239 10,677 — — 10,677 

Rubber 186,821 103 16,464 203,388 238,153 1,155 19,556 258,864 

Sanitary ware _ 24,355 — — 24,355 35,131 —- —- — 35,131 

Waterproofing and sealing 36,287 — 689 36,976 4,536 — 527 5,063 

Miscellaneous 113,125 3,991 224,052 341,168 127,956 120,006 113,823 361,785 

Total 1,383,831 1,457,119 4,506,853 7,347,803 1,430,383 1,455,433 4,474,682 7,360,498 

Exports: TE 

| Ceramics 16,767 — — 16,767 17,014 — — 17,014 

Foundry sand, grogs and calcines; other refractories — 29,937 — 29,937 — 32,540 — 32,540 

Paint — — 31,293 31,293 — — 27,115 27,115 

Paper coating 22,696 — 1,073,315 1,096,011 22,696 — 1,074,973 1,097,669 

Paper filling 28,316 — 267,065 295,381 32,917 — 262,155 295,072 

Rubber 66,767 — 22,221 89,988 60,068 — 17,451 77,519 

Miscellaneous 11,020 5,399 50,489 66,909 8,004 960 57,277 66,241 

Total? 145,566 35,336 1,444,385 1,625,286 140,699 33,500 1,438,971 1,613,170 

Grand total 3 1,529,397 1,492,454 5,951,238 8,973,089 1,571,082 1,488,933 5,913,653 8,973,668 

Nncludes high-temperature calcined. . 

2Includes low-temperature calcined and delaminated. 

3Data may not add to totals shown because of independent rounding. 

‘Includes soil conditioners and mulches. . 
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TABLE 12 

BALL CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE 

Air-float Water-slurried Unprocessed Total | 

State Metric tons Value Metric tons Value Metric tons Value Metric tons Value 

1988 

Tennessee 351,140 $16,405,963 100,988 $4,097,147 201,999 $5,708,846 654,127 $26,211,956 

Other! ~ 206,180 11,276,089 WwW W WwW WwW 2335 ,766 215,976,087 

Total 557,320 = 27,682,052 100,988 4,097,147 201,999 5,708,846 2989 ,893 242,188,043 

1989 

Tennessee 346,250 16,423,013 104,752 4,422,232 189,636 5,446,538 640,638 26,291,783 

Other! . 179,410 10,208, 186 WwW WwW WwW WwW 2262 ,842 214,551,372 

Total 525,660 26,631,199 104,752 4,422,232 189,636 5,446,538 2903 ,480 240,843,155 

W Withheld to avoid disclosing company proprietary data. 

Includes California, Kentucky, Mississippi, and Texas. 

2Includes data indicated by symbol W. 

TABLE 13 

BALL CLAY SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 7 

| . (Metric tons) 

NN 
1988 1989 

Use Air-float | Water-slurried | Unprocessed Total Air-float | Water-slurried | Unprocessed Total 

Ceramics! W — WwW 72,661 W W Ww 62,600 

Dinnerware? 126,636 — 121,569 248,205 102,960 1,297 82,640 186,897 

Fillers, extenders, and binders? W — WwW 109,460 W WwW W 92,043 

Floor and wall tile 63,165 10,327 58,294 131,786 34,124 19,140 108,460 161,724 

Refractories‘ 38,413 —_ 25,835 64,248 33,739 1,829 © 25,364 60,932 

Sanitary ware 14,785 88,129 67,945 170,859 122,636 66,422 5,019 194,077 

Miscellaneous 47,294 — 7,257 54,551 32,701 — 5,125 37,826 

Exports 129,349 — 1,960 6,815 138,123 83,218 — 24,163 107,381 

Total 576,034 100,416 | 313,442 989,893 545,609 104,702 253,169 903,480 

W Withheld to avoid disclosing company proprietary data; included in ‘‘Total.”’ 

Includes catalyst (oil-refining); fiberglass; glazes, glass, and enamels. 

Includes crockery and other earthenware; fine china and dinnerware. 

3Includes animal feed; asphalt emulsions (1989); asphalt tile; pesticides and related products; rubber; wallboard (1989); other uses not specified. 

4Includes electrical porcelain; firebrick, block and shapes; high-alumina brick and specialties. 

producers increased 8% to $40.19 per ton. | and gas exploration activities, continued to | vated materials (85%). Total bentonite 

Per ton values reported in the various | face increased competition in foreign | imports increased more than 8% to nearly 

producing States ranged from $8 to $75, but | markets from lower quality Greek material, | 16,000' tons. The chemically activated 

the average values reported by the larger | particularly in the Canadian iron ore | category, that slowly increased in quantity 

producers were near the Wyoming average | markets. In overseas drilling areas, | for most of the past several years, except 

of about $34.48. Mediterranean bentonites continued to | for 1988, increased more than 17% to 

Bentonite exports increased more than | make inroads into areas also traditionally | 13,000 tons valued at $6.3 million. Imports 

18% to 671,000 tons valued at $52.9 | served by domestic producers. from Mexico, the largest source, increased 

million. The unit value of exported Bentonite was exported to 76 countries, | from 14% to more than 90% of the total. 

bentonite decreased about 7% to $78.86 per | 11 more than in 1988. The five major reci- | Mexican imports usually made up more 

ton. This decrease was attributed to the | pients, in descending order, were Canada, | than 75% of the total activated clay imports. 

shipment of lower percentages of the | Japan, Singapore, Taiwan, and Australia. | The Federal Republic of Germany, a 

costlier drilling mud and foundry grades | Domestic bentonite producers reported their | former major supplier, furnished only 237 

shipped rather than the lower cost iron ore | exports were foundry sand and others, 34% | tons, and China recorded its second import 

pelletizing grades exported mainly to | each, and drilling mud, 32%. of this clay to the United States with 

Canada. Domestic bentonite producers, Bentonite imports for consumption | another exploratory 6-ton batch. The chem- 

although benefiting from an erratically | consisted mostly of untreated bentonite clay | ically activated bentonite was imported 

declining U.S. dollar and rising foreign oil | (15%) and chemically or artificially acti- | from 12 countries (3 more than last 
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TABLE 14 ble. The average unit value increased 10% 
FIRE CLAY! SOLD OR USED BY PRODUCERS IN THE Inctensine rercentage ot hue hat an 

UNITED STATES, BY STATE gelling grades, produced mostly in Florida, 
are included in the total. Production was 

1988 1989 reported in nine States. The two top 
State Metric tons Value Metric tons Value pr ducing prates, F ona ane goose Alahama A OTE RR RRP A <= | accounted for over one- of domestic 

————— aan ee vee naa ane oe production. All States, except Nevada and 
—— ° South Carolina, showed gains in 

Missouri 325,899 8,244,338 431,084 10,785,153 production. Increases in consumption 
New Jersey 14,954 368,482 18,492 399,700 | occurred in every major absorbent product 
New Mexico 1,529 10,175 3,125 24,090 line, with pet waste and oil and grease 

Ohio 270,416 5,033,560 222,931 4,695,895 | adsorbents leading the way. 
Pennsylvania 33,651 989,039 14,459 488,506 Production from the region that includes 
Texas 5,096 78,020 2,348 35,947 | Attapulgus, Decatur County, GA, and 
Washington 4,582 67,351 2,787 68,159 | Quincy, Gadsden County, FL, is composed 
Other? 26,976 464,370 14,986 264,361 Pree enane’y ; of me rathshaped we t*«=«é‘<Ci TR KA ADA 976 oan 50.877.119 | amphibole-like clay mineral attapulgite. 
O_O SOP 18,656,323 _—825,930__—__—20,87,119 Most of the fuller’s earth produced in other e ry uses only. 

. . ° ae “Includes Kentucky and Montana. areas of the United States contains varieties 
*Data do not add to total shown because of independent rounding. of montmorillonite and/or other clays. 

. Industrywide, enlargements, moderniza- 
tions, acquisitions and/or mergers, and new 

FIGURE 2 product development were slowed during 
the year. In a major expansion, Englelhard 

BENTONITE SOLD OR USED BY DOMESTIC Minerals and Chemical Corp., a major 
PRODUCERS FOR SPECIFIED USES attapulgite producer, announced plans to 

invest an initial $2.5 million to upgrade its | - 
§,000 —— Attapulgus works in Georgia. The first 

phase includes new mining and ancillary : 
a. equipment to start a statistical process 

0 h,000 | nnn tniiaiiiuunz,_,z| | quality control program, new packaging, 
Zz’ aN, . and a more centralized warehouse 
- ey CEN Oil treatment operation. A major feature of the packaging 
O eo ) improvements will involve new air jet 

> SC infuence the particle sizes of the specialty 
5 Ne ee | selling grades. Generally, the absorbent- <2000k i (asia ea ee =| producing companies enjoyed a good year 8 fF IEEE | while the gel-grade producers experienced 
z mle ss a mixed year. . 1,000 age ee i ers rE pe ree Ss FEE gnu sn uionauummennaannneaeenrem S wide appucation in aosorben 

LZ zDD LZ) and gelling and/or thickening areas. The 

provide the important thickening and 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 viscosity controls necessary for suspending 

| solids. Mineral thickeners are used in such 
diverse markets as paint, joint compound 
cement, and saltwater drilling mud. 

Exports of fuller’s earth went to 26 
countries, 2 less than last year, and the 

year), with Mexico supplying 92%; | million, a record high. The previous high | quantity decreased almost 14% to 96,000 
Canada, 33%; the Federal Republic of | was 1.79 million tons in 1988. This increase | tons. The unit value of exported fuller’s 
Germany and the Philippines, 2% each; | in production, except for declines in 1984 | earth rose about 5% above that of 1988 to | 
and the remaining countries, 1%. and again in 1986, continued the upward | $88.03. The increase was attributed to a 

; trend in production that the industry has | larger percentage of high-cost gelling and 
Fuller’s Earth enjoyed for more than a decade. A general | drilling-mud grades shipped. The major 

Production of fuller’s earth increased 5% | increase in absorbent-grade clay output in recipients were again Canada (62%) and 
to almost 1.90 million tons valued at $166 | Florida and Georgia was largely responsi- | the Netherlands (23%). A minor amount of 
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TABLE 15 

BENTONITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE 

i 

| Nonswelling Swelling Total 

State —— SUE  — 
Metric tons Value Metric tons Value Metric tons Value 

1988 

Alabama and Mississippi 402,376 $17,774,098 — — 402,376 $17,774,098 

Arizona 26,045 907 ,808 21 $805 26,066 908,613 

California 106,944 8,549,976 17,608 1,527,292 124,552 10,077,268 

Colorado 3,461 30,291 136 1,600 3,597 * 31,891 

Nevada — —_ 8,497 542,461 8,497 542,461 

Oregon 2,722 120,000 15,003 604,860 17,725 724,860 

Texas 37,117 1,441,149 1,035 29,598 38,152 1,470,747 

Utah 652 31,000 29 097 798,612 29,749 829,612 

Wyoming — — 2,138,794 72,174,070 2,138,794 72,174,070 

Other! — — 81,463 2,259,677 81,463 2,259,677 

Total 579,317 28,854,322 2,291,654 77,938,975 2,870,971 106,793,297 

1989 oo a OO a 

Alabama and Mississippi 528,807 26,323,541 — — 528,807 26,323,541 

Arizona 36,830 1,742,432 23 882 36,853 1,743,314 

California 133,958 11,278,648 18,705 1,656,600 152,663 12,935,248 

Colorado — — 272 3,361 272 3,361 

Nevada | — — 40,045 3,626,319 — 40,045 3,626,319 

Oregon | 2,858 132,300 9,146 415,993 12,004 548,293 

Texas 38,972 1,589,001 1,087 32,659 40,059 1,621,660 

Utah 647 33,540 45,003 800,496 45,650 834,036 

Wyoming — — 2,166,497 74,697,299 2,166,497 74,697,299 

Other! 106 121,277 89,409 2,626,392 89,515 2,747,669 

Total 742,178 41,220,739 2,370,187 83,860,001 3,112,365 125,080,740 

‘Includes Idaho, Kansas, Montana, and Tennessee (1988). . 

decolorizing fuller’s earth was imported Increased production capacities, new | outside of their traditional marketing areas 

from Canada. plants, and modernizations were either | by offering highly competitive pricing. 

deferred or proceeding cautiously during | Building rates in the oil-producing States 

Common Clay and Shale the year. Mergers and/or acquisitions of | of Colorado, Louisiana, Oklahoma, and 

domestic heavy clay producers were quite | Texas continued to be depressed. General- 

Domestic sales or use of common clay | active. The construction industry, the | ly, brick sales in the east were depressed 

and shale decreased 8% in tonnage and 3% | largest consumer of heavy clay products | while sales in the Midwest and on the west 

in value to 26.7 million tons and $141 | such as brick, lightweight aggregate, | coast were strong. 

million, respectively. Output of the 10 ma- | portland cement, sewer pipe, and tiles In building brick acquisitions, Ibstock 

jor producing States rose in California, | generally experienced soft sales the entire | Johnson PLC of the United Kingdom, 

Michigan, and Ohio and declined in Ala- | year. The large inventories traditionally ac- | through its subsidiary Glen-Gery Corp., 

bama, Georgia, Missouri, North Carolina, | cumulated during the slack winter months Reading, PA, purchased Midland Corp’s 

Pennsylvania, Texas, and Virginia. Com- | were worked off during the first quarter, three brick manufacturing sites, two in Iowa 

mon clay and shale represented about 63% | and by the end of the second quarter, in- and one in Missouri. The $18 million tran- 

of the quantity but only 9% of the value | ventories were beginning to climb again. | saction involves mines and plants capable 

of total domestic clay production. The slack demand was brought on by the | of producing upward of 100 million bricks 

Domestic clay and shale are generally | continuing combination of rising interest | per year. Current production was about 80 

mined and used captively to fabricate or | rates, slowdown in the overall economy, million bricks per year. The largest facili- 

manufacture products. Less than 10% of | and wet weather in the south and eastern | ty in Missouri is capable of manufactur- 

the total output is usually sold. The average | part of the country. The slack demand was | ing 50 million bricks per year while the 

unit value for all common clay and shale | also largely attributed to the continuing | Iowa plants have respective capacities of 20 

produced in the United States and Puerto | construction downturn, which lowered the | million and 30 million units yearly. All 

Rico increased 5% to $5.26 ton. The | demand for heavy clay products. In an at- | operations produce a full line of residen- 

reported unit value ranged from $5 per ton | tempt to boost sales, many brick manufac- tial and commercial bricks for the 

to $40 per ton. turers were again actively seeking sales | midwestern markets. With Midland’s 
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TABLE 16 

BENTONITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE 
(Metric tons) 

| 1988 1989 
Use Re gg RT Ng Non-swelling Swelling Total! Non-swelling Swelling Total! 

Domestic: 

Absorbents 168,974 869 169,843 287,747 1,110 288,857 
Adhesives _— 4,452 — 4,452 — 8,074 8,074 
Animal feed 19,661 89,419 109,079 20,527 73,410 93,937 
Catalysts (oil-refining) 12,053 — 12,053 12,220 — 12,220 
Drilling mud 6,759 833,350 840,109 6,750 839,833 846,583 
Filtering, clarifying, decolorizing: a 

Animal oils, mineral oils and 
greases, and vegetable oils 67,823 1,701 69,524 76,699 1,776 78,475 

Desiccants 14,415 — 14,415 24,141 — 24,141 
Foundry sand 225,246 473,452 698,698 209,970 400,003 609 ,973 
Medical, pharmaceutical, cosmetic — 10,570 10,570 W 9,169 9,169 
Paint — 4,796 4,796 — 9,984 9,984 
Pelletizing (iron ore) W 405,256 405,256 | — 477,275 477,275 
Pesticides and related products 4,968 1,697 6,665 9,617 1,814 11,431 
Water treatment and filtering 4,207 953 5,159 3,853 930 4,783 
Waterproofing and sealing 1,681 97,590 99,271 1,639 87,050 88,689 
Miscellaneous? 34,674 71,188 105,861 31,815 81,863 113,678 

Total! 560,459 1,995,291 2,955,750 684,978 1,992,293 2,677,271 

Exports: oO a a a 

Drilling mud — 136,999 136,999 1,649 133,439 135,088 
Foundry sand 3,750 144,064 147,814 2,012 147,899 149,911 
Other? 9,106 21,303 30,409 533,538 96,556 150,095 
Tot ————CCSS« ST 302,365 ~ 315,221 57,200 ~ 377,894 ~ 435,094 
Grand total 573,316 2,297,656 2,870,971 742,178 2,370,187 3,112,365 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Miscellaneous.”’ 
‘Data may not add to totals shown because of independent rounding. 
7Includes data for asphalt emulsions; asphalt tile; cement, portland; ceramic floor and wall tile; face brick; fertilizers; firebrick, blocks and shapes; gypsum products; ink; kiln furniture; mineral wool and in- 
sulation; oil well sealing; paper coating and filling; plastics; pottery; roofing tile: rubber; uses not specified; and data indicated by symbol W. 
*Includes absorbents; animal feed; asphalt emulsions; cement; filtering, clarifying, decolorizing; paint; plastics; waterproofing and sealing; and uses not specified. 

Operations, Glen-Gery will be the fourth | Administration on bricks from Mexico on | for use as a filler in paper, paint, rubber, 
largest U.S. brickmaker with a capability | December 27, 1989, revoked the duty order plastics and ceramics.4 New uses are con- 
of about 700 million bricks per year. Before | effective August 24, 19862 stantly being developed. Kaolin is a uni- 
acquiring Midland, Glen-Gery had already que industrial mineral because it is 
expanded into the firming mideast area’s by | ———_________ chemically inert over a relatively wide pH 
starting a greenfield brick operation at} CONSUMPTION AND USES range, is white in color, has good covering 

_ | Caledonia, about 50 miles north of Colum- | ————————————————__ | or hiding power when used as a pigment 
bus, OH. The 50-million-brick-per-year or extender in coated films and filling ap- 
Ohio unit should be in full production early The manufacture of heavy clay products, | plications. It is also soft and nonabrasive, 

: in 1990. In another English acquisition, | including: (1) building brick; sewer pipe; | has low conductivity of heat and electrici- 
| Steetley PLC added Harmer Brick Inc., | and drain, roofing, structural, terra cotta, | ty, and costs less than most materials with 
| Pittsburgh, PA, to its group of domestic | and other tile; (2) portland cement clinker; | which it competes. Fillers and extenders 

brick producers, which include Victor | and (3) lightweight aggregate accounted for | must meet very rigid specifications such as 
Cushwa and Sons Inc., in Maryland, and | 32%, 18%, and 8%, respectively, of total | particle size, color, brightness, and 
K-F Brick Inc. in Connecticut and | domestic consumption. In summary, 58% viscosity 
Massachusetts. This purchase will bring | produced was consumed in the manufac- Ball clays are extremely refractory and 
Steetley’s American brick producing | ture of these clay- and shale-base construc- | their use, largely in whitewares, imparts a 
capacity to 200 million bricks per year. | tion materials. high green strength as well as plasticity to 

A notice of final results of a countervail- Kaolin has many industrial applications, | the bodies. Although white-firing ball clays 
ing duty review by the International Trade | and many grades are specifically designed ! are preferable, fired products that range to 
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TABLE 17 

FULLER’S EARTH SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE 

a 

Attapulgite Montmorillonite - Total 

State Metric tons Value Metric tons Value Metric tons Value 

1988 | 
Florida 380,522 $39,461,646 — — 380,522 $39,461,646 

‘| Georgia 392,505 26,930,915 190,850 $12,472,328 583,355 39,403,243 

Southern! _ _ “386,094 "25,433,770 "386,094 "25,433,770 

Western? 17,689 1,600,607 424,571 38,004,712 442,260 39,605,319 

Total? ~ 790,717 67,993,168 “1,001,515 “75,910,810 "1,792,232 "143,903,978 

1989 | 

Florida 405,069 43,029,400 — — 405,069 43,029,400 

Georgia 471,711 40,191,539 195,533 13,057,401 667 ,244 53,248,940 

Southern! — — 278,260 23,879 ,062 278,260 23,879,062 

Western? 17,219 1,830,826 513,719 43,706,682 530,938 45,537,508 

Total 893,999 85,051,765 987,512 80,643,145 1,881,511 165,694,910 
"Revised. 
1Includes South Carolina, Tennessee, and Virginia. 

Includes Illinois, Missouri, Nevada, and Texas. . 

3Data may not add to totals shown because of independent rounding. 

TABLE 18 

FULLER’S EARTH SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE | 

(Metric tons) 

NN 

1988 | 1989 

Use Attapulgite Montmorillonite Total! — Attpulgite Montmorillonite Total! 

Domestic: 

Adhesives 210 — 210 118 907 1,025 

Drilling mud 32,947 — 32,947 35,181 — 35,181 

Fertilizers 45,018 4,391 49,409 45,723 2,361 48,084 

Filtering, clarifying, decolorizing . 

mineral oils and greases 7,822 — 7,822 3,834 — 3,834 

Medical, pharmaceutical, cosmetic 975 — 975 1,395 — 1,395 

Oil and grease absorbents 162,818 “130,634 “293,452 170,003 128,007 298,009 

Paint 18,102 — 18,102 19,341 907 20,248 

Pesticides and related products 75,461 56,346 “131,807 97,452 43,711 141,163 

Pet waste absorbents 295,075 709,947 1,005,021 297 ,026 718,166 1,015,192 

Portland and other cement — 29,942 29,942 — 43,551 43,551 

Other? 5,441 — 5,441 4,536 — 4,536 

Miscellaneous? 82,597 "53,172 “135,769 109,423 20,291 129,714 

Total! 726,467 “984,431 “1,710,898 784,031 957,901 1,741,933 

Exports: 

Drilling mud 113 — 113 234 — 234 

Oil and grease absorbents 4,703 5,548 10,251 22,945 1,486 24,431 

Pesticides and related products 5,081 2,010 7,091 12,553 — 12,553 

Pet waste absorbents 39,583 9,525 49,109 52,794 28,125 80,918 

Miscellaneous‘ 14,769 — 14,769 21,442 21,442 

Total! 64,250 17,084 81,334 109 ,968° 29,611 139,579 

Grand total! 790,717 “1,001,515 "1,792,232 893,999 987,512 1,881,511 

"Revised. | 
1Data may not add to totals shown because of independent rounding. 

2Includes roofing tile and vegetable oils. 

3Includes animal feed; animal oils; gypsum products; miscellaneous absorbents; miscellaneous fillers, extenders, and binders; miscellaneous filtering, clarifying; mortar and cement refractories; plastics; roofing 

tiles; wallboard; water treatment and filtering; waterproofing and sealing; and other uses not specified. 

‘Includes paint and uses not specified. 
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| FIGURE 3 Lightweight concrete blocks, floors, walls, 

| FULLER’S EARTH SOLD OR USED BY DOMESTIC nes areal neh material 
PRODUCERS FOR SPECIFIED USES turn allows savings in design of the suppor- 

| ting framework. Also, these products have 
2,500 better insulating qualities than equivalent | 

Oil treatment products made with sand and gravel and 
Drilling mud | crushed stone aggregates. 

O Soe eet Refractories require stren at high 
1,600 ee —n—C CCF temperatures, resistance to corrosion, low 
BANS £7 |_| coetticient of expansion, and many other 
O LSS PE EEE EEE SE EES Se ESE SS | physical and chemical properties, depen- 
Z 1,000 vA ———“‘#;COC ding on application. Clays with physical < Tee eee eee eee ee enene eee HALELDDTDTEnADaraneesantuse suse seesesenssenossnetensasserssstcyssmrnesscaserenecenesenstedesesezetesnsereseteregensteyeretstesetererasesesecetenetesetesey : : 
2 er oe properties most suitable for general refrac- 
O Ee ee eee | tory use have been classed as fire clays. The 
= g00 SE current trend is for refractories designed for 

2 | | a specific use and castable mixes contain- 
8 Abaorbente |_| ing refractory aggregates and calcium yb |_| atuminate cements’ 

| 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 Paper Products 

Demand for clays for use as filler and 
| coater in paper has followed the rapid in- 

cream or buff colors do not generally im- | ‘‘breaks the emulsion” or flocculates in principal lay used paper. Kaolin is the 
pair the quality of the whiteware products. | brine, thereby destroying the gel-like col- 

Fire clays are used mostly in commer- | loidal suspension required for drilling. — Oth 
. ; er Uses 

cial refractory products such as firebrick | Construction 
and block of many shapes, insulating brick, Pottery and related products require good 
Saggers, refractory mortars and mixes, Common clays and shales are used to | ceramic qualities, including plastic forma- 
ramming and gunning mixes, grog and | manufacture a wide variety of construction | tion, desirable firing temperatures, color, 
crude aggregates, and many other products. | materials such as structural clay products, | etc. The principal clays meeting these and 
Fire clays are also added to common clays | cement, and expanded aggregates. other specifications are ball clay and 
to increase the vitrification range of sewer | c¢rnctural Clay Products kaolin. Kaolin also is used as a raw material 
pipes and bricks. | feed in formulating bottle and plate glass | 

The swelling sodium bentonites are used Structural clay products such as building | batches. Drilling mud is a scientifically 
largely in drilling muds, in foundry sands, | brick, drain tile, and vitrified sewer pipe | designed mixture of several items, general- 
and in pelletizing taconite iron ores. The | are used in building construction, for sewer | ly including, in addition to bentonite or at- | 
nonswelling or calcium bentonites are used | systems, to drain farmer’s fields, and for | tapulgite, ground barite for its high specific 
mostly in conjunction with the swelling | many other uses. Other clays, such as |} gravity” Demand for bentonite in iron and 
bentonites in foundry sand mixes in which | kaolin, fire clay, or ball clay, could in many | steel production is based on its ability to 
the sodium bentonites provide dry strength | cases be used to produce equally suitable | form strong iron ore pellets from fine- 
and the calcium bentonites provide high | “heavy clay” products, but they are | grained taconite concentrates. Easily hand- 
green strength. The fuller’s earth or | generally more refractory and valuable for | led hard pellets are essential for efficient 

| calcium bentonites also find application in | other uses. Of the total clay produced, | blast furnace operation. 
decolorizing and purifying mineral, | about one-third is consumed in the Many foreign countries are dependent 
vegetable, and animal oils. By and large, | manufacture of these structural products. | for specialty clays on sources outside their 
however, the fuller’s earths, both the at- Hydraulic Cement own borders. Consequently, foreign ex- 
tapulgite and montmorillonite types, are ploration for deposits is active and so is 
used for their absorbent properties, The portland cement industry requires | research directed toward developing 
especially as a pet waste and oil and grease | alumina and silica as constituents in the | substitutes and upgrading available clay 
absorbent. In processing animal or | manufacture of portland cement. Common | deposits. 

| vegetable oils, the clays are usually ac- | clays provide a low cost source of these The United Kingdom, second to the 
, tivated by acid treatment, which leaves a | materials. United States in the world’s kaolin produc- 

| highly absorbent sieve-like structure. The Expanded Clay and Shale tion, is the biggest exporter of kaolin (china 
attapulgites are also used in drilling muds clay) and is also one of the world’s largest 
in lieu of sodium bentonites for drilling For this purpose, certain bloating | producers and exporters of ball clay. The 
saltwater formations. The sodium bentonite | qualities and strength are required. | United States has been and still is a good 
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TABLE 19 Heavy Clay Products 

COMMON CLAY AND SHALE SOLD OR USED BY PRODUCERS IN THE The value reported for shipments by the 

UNITED STATES,* BY STATE Bureau of the Census for heavy clay pro- 
ducts decreased 7% to about $1.8 billion. 

— TTT Too ——_—_—_s|sThesmillion standard brick count for 
State i building or common face brick decreased 

Metric tons Value Metric tons —_—Vaalue 14%. Shipments of clay floor and wall tile 
Alabama 1,735,253 $10,969, 165 1,703,001 $10,388,283 | increased 12% while vitrified clay and 

Arizona 142,326 681,323 151,358 763,412 | sewer pipe fittings decreased 19%. 

Arkansas 591,211 1,511,049 627,825 1,673,881 | Decreases in common clay and shale used 
California 1,760,427 16,519,568 1,919,694 21,212,742 | in building brick manufacturing occurred 
Colorado 233,545 1,641,963 248,308 - 1,866,343 | i most States, with total domestic produc- 
Connecticut and New Jersey 222,334 2,662,599 195,539 2,455,353 | tion decreasing 16%. Decreases were large- 
Florida 116,250 1,306,436 115,981 Ww y unier ae an average State 
Georgia . 2,263,354 8,032,673 1,606,546 6,841,777 , 

Illinois 163,571 703,945 142,207 641,237 . ° 

Indiana 1,035,836 4,629,731 871,179 3,835,574 Lightweight Aggregates 

Iowa 403,922 1,587,679 439,323 1,772,934 Consumption of clay and shale in the 

Kansas 555,666 2,632,114 533,099 2,699,864 | manufacture of lightweight aggregate 
Kentucky } 762,396 3,217,197 716,990 3,357,200 | decreased about 11% to more than 3.4 
Louisiana 340,900 9,535,143 233,992 6,114,609 | Million tons. The downturn in overall con- 
Maine and Massachusetts 118,145 675,231 96,064 474,755 highway. a caving we largely meponsi 
Maryland 357,833 2,016,225 351,464 1,882,283 ble for the decrease in demand. Concrete 

Michigan 1,248,120 4,431,929 1,249,198 4,598,922 block, the largest category, (61% of total 

Mississippi 541,501 2,893,727 497,625 2,591,061 | production), declined 11% while the second 
Missouri | 1,109,144 3,927,188 1,048,814 3,880,428 | biggest consuming area, structural concrete 
Montana 33,335- 83,723 30,176 79,887 | (23% of total production), increased 
Nebraska 215,419 785,615 224,624 879,546 | markedly. The third largest segment, 

New Mexico 27,026 72,528 27,887 70,119 | highway surfacing (10% of production), also 

New York 551,374 3,653,827 531,559 3,428,813 | declined significantly. The other category, 
North Carolina 2,832,204 14,768,129 2,204,617 13,599,134 | the smallest segment consisting essential 
Ohio 3,094,746 9,389,347 3,296,737 10,287,176 | ly of new market areas such as recreational 
Oklahoma 684,066 1,802,787 565,956 1,618,977 | 28d horticultural uses, rose 30%. 
Oregon 207 ,276 324,096 198,889 327,479 . 

Pennsylvania 1,214,487 4,853,905 1,035,514 4,447,350 | Refractories 
Puerto Rico 148,218 364,985 136,873 310,888 All types of clay, except for fuller’s earth, 

South Carolina 1,011,598 2,176,050 931,059 2,214,064 | were used in manufacturing refractories. 

South Dakota and Wyoming 144,690 648,096 196,466 365,197 | Kaolin, bentonite, and fire clay accounted 

Tennessee 511,608 1,483,566 496,514 w | for 30%, 23%, and 27%, respectively, of 
Texas 2,642,220 13,669,960 2,203,895 11,965,200 | total clay used for this purpose. The re- 
Utah 278,835 1,638,608 276,299 1,799,103 | Mainder, ball clay and common clay and 
Virginia 1,010,113 6,614,323 1,001,394 6,302,335 shale, was used chiefly as bonding agen ts. 
ec 7 _ ! —” Bentonite, both swelling and nonswelling, 
Washington 372,341 2,167,920 230,480 1,522,712 | was used as a bonding agent in proprietary 

West Virginia 239,472 586,266 251,385 553,474 foundry formulations imparting both hot- 

Other? 141,857 388,046 105,657 3,206,571 | and green-strength to the sand. 

Total 29,062,619 145,046,662 26,694,188 140,528,683 The tonnage of clays used for refractories 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ increased 7% and constituted 6% of total 

includes idaho, Minesota, New Hampshire, and North Dakota. clay Pp roduced. The continued use of high- 
alumina clay-base refractories, mostly 
calcined kaolin grogs in monoliths, and the 
upturn in demand for the more conventional 

customer for these high-unit-value clays. | 110% from 1.1 million tons to 2.3 million | refractory bricks and shapes were largely 

However, the United States had changed | tons. responsible. The major refractory consum- 

from a net importer of these two high- The world’s fuller’s earth needs are sup- | ing industries—cement, foundry, glass, and 

quality clays in 1949 to a substantial net ex- | plied from relatively few areas. The United | ferrous and nonferrous metals—continued 

porter by 1969. During the 10-year period | States is both the world’s largest producer | to undergo major changes in technology and 

1979-89, U.S. exports increased almost | and user. | production levels for their products. 
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TABLE 20 

| CLAYS SOLD OR USED BY PRODUCERS IN THE UNITED STATES! IN 1989, BY USE 
| | (Metric tons) 

Ce 

Use Ball clay _ Bentonite commen Pa «ce fractony 3 aly) F ee Kaolin Total 
Absorbents: | 

Oil and grease — WwW W — 298,009 — 298,009 

Pet waste absorbents — W W — 1,015,192 — 1,015,192 

Other? — 287,747 204,869 — 23,478 31,026 547,120 |. 
Ceramics and glass: 

Catalysts (oil-refining) — 12,220 — — 16,786 93,308 122,314 
Crockery and other earthenware — — — 181 — 17,954 18,135 

Electrical porcelain 21,521 — — — — 15,284 36,805 

Fine china and dinnerware 3,360 — — — — 15,175 18,535 

Glazes, glass and enamels — W — Ww — 2,507 2,507 

Mineral wool and insulation, fiberglass W W — — — 472,669 472,669 

Pottery 125,537 24,416 18,791 20,939 — 30,147 219,830 
Roofing granules — — 92,418 — — 10,677 103,095 . 
Sanitaryware 194,077 — — — — 35,131 229,208 
Other? 73,869 W WwW 1,596 — 75,989 151,454 

Chemical manufacturing = W — — W 217,452 217,452 
Civil engineering and sealing 13,183 108,907 1,415,906 3,352 W 7,477 1,548,825 

Drilling mud — 846,583 — — 35,181 485 882,249 
Fillers, extenders and binders: 

Adhesives — 8,074 907 — 1,025 39,502 49,508 
Animal feed WwW 93,937 WwW — WwW 7,571 101,508 
Fertilizers — WwW — — 48,084 2,295 50,379 
Gypsum products and wallboard W — — — 30,209 10,202 40,411 

Ink — Ww — — — 2,025 2,025 
Medical, pharmaceutical, cosmetic — 9,169 — — 1,395 3,341 13,905 

Paint — WwW WwW — 20,248 226,395 246,643 
Paper coating — — — — — 2,568,846 2,568,846 
Paper filling — W — — — 1,560,994 1,560,994 

Pesticides and related products W 9,617 14,110 — 141,163 19,692 184,582 

Plastics — WwW — — W 48,822 48,822 
Rubber W W — — — 258,864 258,864 

Other? 118,155 20,258 75,281 — 24,099 193,710 431,503 
Filtering, clarifying, decolorizing: 

Animal oils, mineral oils and greases, and 
vegetable oils — 78,475 — — 15,085 646 94,206 

Desiccants — Ww — — — — WwW 
Floor and wall tile: 

Ceramic 161,724 — 225,825 4,169 4,536 21,254 417,508 
Quarry tile WwW — 14,338 — — — 14,338 
Other? 15,018 oo — — — 24,756 39,774 

Heavy clay products: 

Brick, extruded WwW Ww 10,188,861 19,818 — 174,214 10,382,893 
Brick, other — — 2,244,505 — — 129,002 2,373,507 
Drain tile — — 10,251 — — — 10,251 

- Flower pots — — 45,049 — — — 45,049 
Flue linings — _— 10,096 7,303 — 6,350 23,749 
Portland and other cements — 1,583 7,440,067 WwW 43,551 188,286 7,673,487 
Roofing tile — WwW 3,915 — 100 — 4,015 
Sewer pipe, vitrified — — 366,927 102 — 8,615 375,644 

Structural tile — — 49,041 . — — _ 49,041 
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TABLE 20—Continued 

CLAYS SOLD OR USED BY PRODUCERS IN THE UNITED STATES’ IN 1989, BY USE 
(Metric tons) 

Use Ball clay Bentonite common ny «re factory 3 nly) aaah Kaolin Total 

Terra cotta — — 18,748 W — — 18,748 

Other? WwW 3,033 — 242,997 3,648 — 19,136 268,814 

Lightweight aggregate: 

Concrete block — — 2,066,480 — — oe 2,066,480 

Highway surfacing — — 326,881 — _ _ 326,881 

Structural concrete — W 773,052 | — — — 773,052 

Other? — 3,615 215,249 _ — — 218,864 

Pelletizing iron ore — 477,275 76,748 — — — 554,023 

Refractories: 

Firebrick, blocks and shapes W W 100,186 546,769 — 115,292 762,247 

Foundry sand — 609,973 — 64,166 — 669 674,808 

Grogs and calcines — — _— 58,766 — 628,950 687,716 

Highalumina brick and specialties 21,410 — — 35,613 — 6,622 63,645 

Kiln furniture | 1,531 W 2,803 — — 5,933 10,267 

Mortar and cement, refractory — — 414,294 — — 1,344 415,638 

Other? WwW 35,637 6,146 40,468 — 52,565 134,816 

Other? 46,714 46,752 16,556 — 23,791 9,324 143,137 

Exports 107,381 435,094 12,891 19,040 139,579 1,613,170 2,327,155 

Total 903,480 3,112,365 26,694,188 825,930 1,881,511 8,973,668 42,391,142 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Total’’ and/or ‘‘Other.”’ | 

MIncludes Puerto Rico. 

| Includes uses indicated by symbol W. 

3Uses not specified. 

TABLE 21 

SHIPMENTS OF PRINCIPAL STRUCTURAL CLAY PRODUCTS IN THE UNITED STATES 

a 

Product 1985 1986 1987 1988 1989 

Unglazed common and face brick: 

Quantity million standard brick 6,605 7,204 7,313 7,811 6,698 

Value | million $887 — $972 $1,060 $1,188 $1,000 

Unglazed structural tile:! 

Quantity thousand metric tons 50 65 84 53 WwW 

Value million $12 $28 $50 $6 W 

Vitrified clay and sewer pipe fittings: . 

Quantity thousand metric tons 334 270 295 286 232 

Value million $78 $66 $74 $74 $64 

Unglazed, saltglazed, ceramicglazed structural 

facing tile including glazed brick: 

Quantity million standard brick WwW Ww 32 26 35 

Value million WwW W $11 $18 $15 

Clay floor and wall tile including quarry tile: 

Quantity million square feet 370 444 462 488 545 

Value million $450 $536 $587 $641 _ $707 

Total value do. $1,428 $1,602 $1,782 $1,927 $1,786 
W Withheld to avoid disclosing individual company proprietary data. - 

‘Includes first 9 months only, 1987. 

2Data do not add to total shown because of independent rounding. 

Source: Bureau of the Census Report Form M32-D(89), Current Industrial Reports—Clay Construction Products. 
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TABLE 22 earth used in pesticides and related pro- 

COMMON CLAY AND SHALE USED IN BUILDING BRICK Ce oa as ruppicades Cecreased more 
PRODUCTION IN THE UNITED STATES, BY STATE? a IIS 

ggg ggg Absorbent Uses 

State Metric tons —- Value Metric tons —- Value Absorbent uses for clays accounted for 
Alabama 877,154 $4,702,268 794,960 $4,514,209 | almost 1.9 million tons or 4% of total clay 
Arizona? and New Mexico? ——isst—“‘<i«‘;é~*‘«OCBO~C~*«S27, 744 59,309 220,616 | Consumption. Demand for absorbents in- 
Arkansas sss~s—SsSsSsSs« 887267082 277,670 712,893 | creased 10%. Fuller’s earth was the prin- 
California ti (té‘é;!!!! 382,962 ~ «2,536,412 369,030 2,574,965 | CiPal clay used for absorbent purposes, and 
Colorado —t—“‘™SCS™*;*;*;*;~;”;C#«#83«SAS;«~«O 539,154 229,158 1,766,510 | “S application accounted for 71% of its en- — tire output. Demand for clays in pet waste 
Connecticut, New Jersey,? and New York’ _—— 363,900 2,818,649 294,993 2,570,000 | ahsorbents, representing 55% of absorbent 
Georgia 1,788,344 5,580,507 1,178,307 4,474,571 | uses increased slightly. Use in floor or oil 
Idaho, Washington, and Wyoming? 307,594 1,557,470 187,561 1,111,775 | and grease absorbents, chiefly to absorb 
Illinois 122,905 = 559,670 113,755 542,500 | hazardous oily substances, accounted for 
Indiana and Iowa 424,352 1,803,579 322,891 1,421,015 | another 16% of the absorbent demand, 

Kansas 156,896 526,831 156,012 555,925 | which decreased from that of 1988. In- 
Kentucky? 327,809 1,849,836 323,284 2,343,967 | creases in the use of pet waste absorbents 
Louisiana 89,851 286,693 75,235 266,109 | Were largely responsible for the upturn. 
Maine, Massachusetts, and New Hampshire? 135,382 781,821 113,073 585,192 

Maryland and West Virginia? 407,872 2,111,818 390,113 1,943,866 | Drilling Mud 

Michigan? and Minnesota? 191,981 655,429 166,047 550,328 

Mississippi = SsSs*=~ésés—<—sSsS*s«SA LTB 2,464,209 402,111 2,207,152 | _ Demand for clays in rotary-drilling muds 
Missouri #228 © 97,652 501,835 86,610 444,578 | increased slightly to about 882,000 tons and 
Nebraska and North Dakota? —=<—*~*é‘~*~*~*~*«*2iBQBS«*S 78,7 183,058 557,667 accounes for 2% of total clay production. 
North Carolina ==—s—<“<is*~‘;*CS:#é«SON;WTIB 10,429,302 —«41,,872,337 9,537,777 1s Slight increase:reversesthe downward —_— trend, except for the increase noted in 1984, 
Ohio 958,299 3,716,068 768,224 4,036,590 begun in 1982 when a combination of ex- 
Oklahoma 224,845 796,140 220,372 861,955 | cess oil production and economic uncer- 
Oregon 20,286 64,383 20,286 67,601 | tainties resulted in lower oil- and gas-well- 
Pennsylvania 1,042,264 3,678,341 — 886,255 3,719,253 | drilling activities, which depressed ben- 
South Carolina | 749,273 1,761,672 664,823 1,795,906 | tonite demand. Oil- and gas-well drilling 
Tennessee? 400,069 1,076,601 384,976 1,088,435 | activity was mixed during the year but 
Texas 1,041,631 5,755,747 788,464 4,520,965 | generally trended upward by the end of the 
Utah? t—(i‘“‘~™S™SOC”~~CCC#«* 88,060 1,069,263 150,853 1,248,268 | year because of firmer oil prices brought 
Virgina = 736,555 2,790,901 753,998 2,933,106 | about by Middle Eastern difficulties. 
_Towlt® «NG, T9558 62,928,940 12,433,366 59,173,694 | SWElling-type bentonite remained the prin- “Includes extraded and other DR | Cipal clay used in drilling mud mixes, 
2Extruded brick only. although fuller’s earth, used mostly in 
*Other brick only. | | saltwater drilling techniques, and nonswell- 
‘Data may vot ad to ‘olals shown because of rnependeat rounding. Ing sodium-activated bentonites were also 

used to a limited extent. Bentonite and 
fuller’s earth accounted for almost 100% 
of the total amount of clay used in this 

Filler accounted for 89%; fuller’s earth, 5%; | Category. Small amounts of kaolin were 
Bentonite, fuller’s earth, and kaolin are | bentonite, 2%; and ball clay, common clay | US¢4 in specialized formulations. 

the principal filler clays. Kaolin, either air- | and shale, and fire clay, the remaining 4%. 
floated, water-washed, low-temperature | Kaolin consumed as fillers increased 2% | Floor and Wall Tile 
calcined, and/or delaminated, was used in | to 4.9 million tons. An approximate 3% 
the manufacture of adhesives, paint, paper, | and 5% increase in paper-coater and- Common clay and shale, ball clay, 
plastics, and rubber. Fuller’s earth was used | paper-filler, respectively, which together | kaolin, fuller’s earth and fireclay, in order 
primarily in pesticides and fertilizers. Clays | constitute 84% of the total filler and ex- | of volume, were used in manufacturing 
were in pesticides and fertilizers as either | tender category, was largely responsible. | floor, wall, and quarry tile. This end-use 
thickeners, carriers, diluents, or prilling | The rubber-grade kaolin increased 27% | category accounted for 1% of the total clay 
agents. Bentonites were used mainly in | while the other filler and extender com- | production. The rising interest rates for 
animal feeds. ponents that constitute the remaining 16% | most of the year, while lessening the de- 

Of the total clay produced, 13% was us- | of this group’s demand were mixed in ups | mand for more attractively appointed tiled 
ed in filler applications; of this, kaolin | and downs. The total quantity of fuller’s | homes, spurred the remodeling markets. 
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TABLE 23 

COMMON CLAY AND SHALE USED IN LIGHTWEIGHT AGGREGATE PRODUCTION 

IN THE UNITED STATES, BY STATE | 

Metric tons 

Year and State Concrete Structural Highway Other Total ae 
block concrete surfacing 

1988 

Alabama and Arkansas 507 ,034 92,005 11,085 7,865 617,989 $5,293,951 

California 73,119 48,988 — — 122,107 734,916 

Florida and Indiana 219,515 26,082 _ — 245,597 1,693,991 

Kansas, Kentucky, Louisiana 292,180 103,380 18,782 47,804 462,146 10,342,400 

Mississippi 59,168 12,346 30,052 107,579 209,145 1,593,374 

New York 224,413 153,907 — _— 378,320 3,277,666 

North Carolina 244,940 81,647 — _ 326,587 3,390,700 

Ohio, Oklahoma, Pennsylvania 243,841 13,875 — — 257,716 733,770 

Texas ~ 174,053 244,282 393,368 _— 811,703 3,679,947 

Utah and Virginia 281,499 74,492 21,734 45 377,770 4,322,029 

Total 2,319,762 851,004 475,021 163,293. 3,809,080 35,062,744 

, 1989 

Alabama and Arkansas — 487,191 85,411 11,301 10,705 594,608 4,679,265 

California 67,813 42,698 —_ — 110,511 913,596 

Florida and Indiana 213,345 26,082 — — 239,427 1,539,773 | . 

Kansas, Kentucky, Louisiana 218,632 92,533 10,886 53,506 375,557 7,222,558 

Mississippi and Missouri 49,137 5,830 8,330 111,018 174,315 1,483,883 

New York and Montana 215,239 140,527 — — 355,766 2,489,218 

North Carolina 230,000 80,000 — — 310,000 3,200,000 

Ohio, Oklahoma, Pennsylvania 240,244 14,000 2,386 — 256,630 727,340 

Texas 98,791 236,232 288,240 — 623,263 2,595,150 

Utah and Virginia 246,088 49,739 5,738 40,020 341,585 3,493,119 

Total 2,066,480 773,052 326,881 215,249 3,381,662 28,343,902 

Pelletizing Iron Ore ly offset by the strong demand for these Mine capacity for domestic clay produc- 

Bentonite continued to be used as a products in the remodeling areas. tion was aggregated from cata voluntarily 

binder in forming indurated iron ore ‘ae ra © producers. The rated capacity 

pellets. Demand increased 14% to about | 7 ata for the foreign tunes Were estimated 

554,000 tons. Inroads of inexpensive WORLD REVIEW from Pp revious yeas | production, m 

foreign bentonites into the Great Lakes |= sts—‘“C‘i‘i‘a(a‘é‘(‘(Ci‘S;~;~:~: cooperation with the Diviston of Interna- 

markets traditionally served exclusively by . tional Minerals. 

U.S. bentonite producers, lower production | Capacity 

eves, meta impor and changing | 4. gata in tables 27, 28, 29, and 30 are | 
gy all combined to reduce the . . . 

long-term demand for domestic bentonite rated capacity for mines as of December The South Australian Department of 

in this category. 31, 1989. Rated capacity is defined as the Mines and Energy supervised an explora- 

maximum quantity of product that can be | tion and sampling program on a weathered 

Ceramics and Glass produced ona normally sustainable long- pegmatite deposit containing high-grade 

term operating rate based on physical | kaolin southeast of Penneshaw on 

Total demand for clay in the manufacture | equipment of the plant, and given accep- | Kangaroo Island The irregular weather- 

of pottery, sanitaryware, china and dinner- | table routine operating procedures involv- | ing and limited size of the deposit may 

ware, and related products (excluding clay | ing labor, energy, materials, and | restrict its potential as a large world-class 

flower pots) accounted for 3% of the total | maintenance. Capacity includes both | kaolin source. 

clay output. This demand, principally ball | operating plants and plants temporarily The diversified Australian group, CSR 

and kaolin clays, decreased 4% to 1.37 | closed that, in the judgment of the author, | Ltd., and British-based building products 

million tons. The downturn in new residen- | can be brought into production within a | group, Redland PLC, announced their in- 

tial housing construction, large consumers | short period of time with minimum capital | tentions to acquire as a joint venture the 

of whiteware and sanitaryware, was partial- | expenditure. business and assets of PGH Bricks and 
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TABLE 24 

SHIPMENTS OF REFRACTORIES IN THE UNITED STATES, BY PRODUCT 

SESE 

1986 1987 
Unit of oa TT a Product ; Value Value | uanti i i 
q y Quantity (thousands) Quantity (thousands) eee NEE ESS 

CLAY REFRACTORIES 

Superduty fire clay brick and shapes 1,000 9-inch 21,968 $26,697 27,070 $27,914 
equivalent. 

Other fire clay including semisilica brick and shapes, do. 56,685 40,603 62,006 46,126 
glasshouse pots, tank blocks, feeder parts, upper structure parts 
used only for glass tanks . 

High-alumina (50% to 60% AI,O3) brick and shapes do. 65,716 118,042 76,004 128,404 
made of calcined diaspore or bauxite! 

Insulating firebrick and shapes do. — — 21,158 20,344 

Ladle brick do. 30,330 9,985 10,302 3,272 

Sleeves, nozzles, runner brick, tuyeres | do. 25,279 29,327 9,679 28,315 

Hot-top refractories . Short tons W W W W 
Kiln furniture, radiant heater elements, potter’s do. 27,185 21,965 42,432 33,246 
supplies, other miscellaneous-shaped refractory items | 

Refractory bonding mortars do. 79,042 37,156 56,619 29,296 
Plastic refractories and ramming mixes, containing up to 87.5% Al,O ys do. 75,893 36,669 64,051 32,816 
Castable refractories | do. 207,150 78,075 251,808 110,578 

Gunning mixes do. 144,882 — 37,497 144,940 50,475 

Other clay refractory materials sold in lump or ground form? 4 do. 502,625 93 ,252 885,558 106,707 

Total clay refractories XX 529,268 XX 617,493 

NONCLAY REFRACTORIES 

Silica brick and shapes 1,000 9-inch 4,582 11,825 6,861 19,028 
equivalent. 

Magnesite and magnesite-chrome brick and shapes do. 19,467 94,933 21,745 107,987 

Chrome and chrome-magnesite brick and shapes do. 22,914 82,347 27,640 101,124 

Shaped refractories containing natural graphite Short tons 11,548. 32,728 17,251 40,117 eee OO ee 
Zircon and zirconia brick and shapes; other carbon 1,000 9-inch 1,557 31,669 1,716 21,924 
refractories: Forsterite, pyrophyllite, dolomite, dolomite-magnesite equivalent. 
molten-cast,* other brick and shapes 

Other mullite, kyanite, sillimanite, or and alusite brick and shapes do. 2,825 15,980 2,702 19,108 

Other extra-high (over 60) alumina brick and do. 4,141 63,508 3,287 58,119 
fused bauxite, fused alumina, dense-sintered alumina shapes® 

Silicon carbide brick, shapes, kiln furniture do. 979 28,880 1,105 33,936 

Refractory bonding mortar | Short tons 21,094 11,539 29,843 16,944 

Hydraulic-setting nonclay refractory castables do. 19,023 18,227 28,837 21,999 
Plastic refractories and ramming mixes do. 120,306 75,922 136,738 89,385 

Gunning mixes do. 364,806 150,950 323,330 111,939 

Dead-burned magnesia or magnesite? 7 do. 250,990 64,347 141,967 34,374 
Dead-burned dolomite do. 324,691 46,393 331,982 19,682 

Other nonclay refractory material sold in lump or ground form 3 do. 280,886 74,655 202,486 42,137 
Total nonclay refractories XX 803,903 XxX 737,803 

Grand total refractories . XX 1,333,171 XX 1,355,296 eee SAK 1,355,290 
W Withheld to avoid disclosing company proprietary data. XX Not applicable. 

‘Heat short of fusion; volatile materials are thus driven off in the presence of chemical changes, giving more stable material for refractory use. 
. 7More or less plastic brick and materials that, after the addition of any water needed, are rammed into place. 

Materials for domestic use as finished refractories and all exported material. 

“Includes calcined clay, ground brick, and siliceous and other gunning mixes. 

‘Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form finished shapes. 

‘Completely melted and cooled, then crushed and graded for use in a refractory. 

Includes shipments to refractory producers for reprocessing in the manufacture of other refractories. 

Source: Bureau of Census Report Form MQ 32C(87), Current Industrial Reports—Refractory. Table will be resumed in 1990 Clay chapter. 
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TABLE 25 

U.S. EXPORTS OF CLAYS IN 1989, BY COUNTRY 
(Thousand metric tons and thousand dollars) 

Ball clay Bentonite Fire clay Fuller’s earth Kaolin Clays, n.e.c.! Total? 7 

Country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Argentina — — 1 72 (3) 6 — — 6 = 1,533 1 856 8 2,467 

Australia () 3 26 ~—«-2,049 26 —«-2,228 (3) 20 21 3,419 12 3,637 85 11,356 

Belgium-Luxembourg — — 2 167 47 4,013 (3) 76 83 14,780 3 4,789 — 135 23,825 

Brazil 2) 13 6 981 — — — — 4 4,376 8 10,755 18 16,125 

Canada 60 2,589 257 = 11,223 12 944 60 4,543 442 56,589 34 §=16,623 865 92,511 

Chile 2) 16 9 439 — — 2) 15 6 1,914 6 3,897 21 6,281 

Colombia — — 1 124 (?) 68 ) — 10 1,853 3 2,755 14 4,800 

| Ecuador 2) 58 (3) 58 (3) 48 (7) 5 3 558 1 808 4 1,535 

Finland — — — — — — 1 73 159 24,580 5 336 165 24,989 

France — — 1 381 1 263 2) 56 13 2,556 3 1,143 18 4,399 

Germany, Federal 

Republic of 1 25 21 854 1 439 1 74 24 5,534 9 3,960 57 ~—- 110,886 

Hong Kong — — 1 304 — — (7) 18 2 303 2) 168 3 793 

Italy (3) 2 2 1,118 4 400 (3) 110 213 = 24,559 3 821 222 27,010 

Japan 3 354. 166 15,714 47 4,006 1 167 667 112,157 35 9,098 919 141,496 

Korea, Republic of (3) 31 6 1,963 2) 8 1 61 81 17,152 4 2,158 92 = 21,373 

Mexico 80 2,785 3 484 78 6,037 (7) 23 124 14,070 16 2,429 301 25,828 

Netherlands 1 44 24 1,276 27 2,346 22 1,530 199 27,180 7 3,012 280 35,388 

Peru (3) 2 1 83 (3) 21 — — 2 260 1 254 4 620 

Philippines 3 293 7 1,033 — — (3) 8 4 1,216 2 609 16 3,159 

Saudi Arabia — — 3 246 — — 2) 14 2) 66 1 222 4 548 

Singapore — — 31 3,407 — — — — 1 283 4 999 36 4,689 

South Africa, 

Republic of 1 25 1 96 (?) 10 3 478 19 4,177 3 1,076 27 5,862 

Spain — — 1 151 — — 3. 249 14 2,086 (3) 240 18 2,726 

Sweden — — — — 7 513 — — 70 =13,618 9 1,785 86 =: 15,916 

Switzerland — — (3) 94 14 972 — — (*) 46 (3) 147 14 1,259 

Taiwan 2) 6 30 3,240 13 908 — — 66 12,895 2 1,604 111 18,653 

Thailand — — 10 966 — — — — 14 3,169 1 187 25 4,322 

United Kingdom 1 34 17 2,275 5 440 1 71 18 4,150 16 7,062 58 14,032 

Venezuela 1 93 8 458 (3) 30 — — 11 2,002 1 673 21 3,256 

Other 6 476 36 3,690 2 3103 860,113,838 185,065 _ 126 _24,239 
Total? 157 = 6,849 671 52,946 284 24,010 96 ~=8,451 2,337 370,919 210 87,168 3,755 550,343 

'Also includes chamotte or dinas earth, activated clays and earths, and artifically activated clays. 

2Data may not add to totals shown because of independent rounding. 
3Less than % unit. 

Source: U.S. Department of Commerce. 

Pipes Ltd. and Zacuba Ltd. from BTR | Monier Redland’s expanding roofing tile | announced a new a $1 million expansion 

Nylex Ltd? The joint venture will be own- | businesses should lead to considerable cost for a new fully automated plant to produce 

ed 51% by CSR and 49% by Redland, | savings. Redland’s roof tile operations in | a full line of clay and alumina monolithic 

which will also include all of the local | Japan, Thailand, and Indonesia are not part | refractories.!° The plant’s production 

businesses of Redland Monier Ltd. of the joint venture. Redland and CSR are | capacity is to be in excess of 20,000 tpy and 

PGH is one of the leading brickmakers | already linked in nonclay joint ventures in | is expected to be commissioned at yearend. 

in Australia with 12 plants in New South | the United Kingdom and the United States. | HCI, in addition to domestic markets, ex- 

Wales, Queensland, and South Australia. The country’s leading refractory pro- | pects to serve the cement, glass, heavy clay, 

On completion of the acquisition, the | ducer, Heat Containment Industries Pty. | and alumina markets in Southeast Asia and 

benefits of PGH’s large clay reserves and | Ltd. (HCI), Unanderra, New South Wales, | the other Pacific Rim nations. In kaolin 
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TABLE 26 TABLE 26—Continued TABLE 27 

U.S. IMPORTS FOR U.S. IMPORTS FOR CLAYS: U.S. ANNUAL 
CONSUMPTION OF CLAYS CONSUMPTION OF CLAYS PRODUCTION CAPACITY, 

IN 1989, BY KIND IN 1989, BY KIND DECEMBER 31, 1989, 
To tt tg BY KIND AND TYPE 

, : Value . vane Value (Thousand metric tons) 
Kind (me n> (thousands) Kind omy (thousands) 

China clay or kaolin: Germany, Federal Kind and type Rated capacity! 
Belgium 3 $1 Republic of 76 68 Ballcay.. ~~ = et Ital 2 4 | kno Brazil 2 2 = 's 58 Air-float 635 an i 

_Canada 140 26 To 84 4 Waterslurried 115 ; exIco 
a _Finland 1 4 | Unprocessed 300 Germany, Federal Netherlands 2 5  Toml tal “1.050 050 

Republic of 41 17 United Kingdom 5,412 1,270 ———_——— ———. 

Ireland 36 35 Venezuela 11 3 Bentonite: 
Japan 25 17 Total 7,277 1,718 | —Nonswelling 955 
Korea, Chamotte or dina’s _Swelling _2,000 

Republic of 2 2 earth: France 60 16 Total 2,555 
Netherlands 7 3 Artificially activated clay Common clay and shale: 38,000 
New Zealand 36 19 and activated earth: Fire clay: 1,100 
Taiwan 1 3 Brazil 38 510 Fuller’s earth: 

United Kingdom 2,812 1,151 Canada 416 160 Attapulgite 700 
Total 3,106 1,280 China 6 9 Montmorillonite 2,250 | 

Fire Clay: _Denmark 16 7 Total 2,950 
Canada 146 70 _France 32 12 Kaolin: 
Mexi 9 4 Germany, Federal Ate floap 
— Republic of 237 1055 | —Aitfloat 1,300 Taiwan 1 3 “Japan 4 31 Calcined? 555 

tow Philippines 217 320 Calcined? 700 
Decolorizing Earth’s and . “Mexico —~SC«*&’D"=VDI 4.090 Delaminated 1,100 
Fuller’s earth: Canada 16 4 Netherlands ° 40 ? 29 Unprocessed 1,000 

Bentonite: “Thailand 31 53 Water-washed 4,100 

Australia 61 14 "United Kingdom 7 26 Total 8,955 | 

_Canada 1,159 442 Total! 13,276 6.301 Grand total 54,610 

Denmark 20 60 Grand total’ SOS 27,794 10,928 Includes capacity at operating plants as well as at plants on 
Germany Federal _—_—_ standby basis. 
R bli ? f 151 450 ‘Data may not add to totals shown because of independent rounding. 2Low-temperature, filler. 

__epubc OF Source: U.S. Department of Commerce. 3High-temperature, refractory. 
Italy 2 5 | 

Japan 23 34 

Mexico 732 34 | 

__United Kingdom 204 98 news, English China Clays PLC (ECC) | ing upward of 25 million bricks per year."3 
Venezuela 75 22 | purchased the kaolin reserves and process- | The production is targeted largely for 
Total 2,427 1,159 ing plant of Kaomin NL Ltd. based in | domestic consumption except for some ex- 

Common blue clay and Victoria for $3 million."! port to the Republic of South Africa. The 
other ball clay: new plant, if on schedule, is anticipated to 
Germany, Federal Belgium be on-stream during 1992 using about 
Republic of 17 7 ; 000 indi min eee The EC planned to establish another 1s py of an indigenous red burning United Kingdom 1,460 356 clay-based research facility in Lixhe to be clay described as a semishale. The 

Taiwan 6 11 y 2 Overseas Private Investment Corp. (OPIC) eeeeesSeee ——_ completed by the end of 1991. . ; Total 1,483 374 has agreed to make a minimal investment 
— — to cover about 20% of the total cost. Other clay: . . . oe 1431 075 Botswana OPIC’s interest in the Botswana project 

ara The Botswana Development Corp. | peaked during a spring visit by American 
Ching 216 22 (BDC) has signed a joint-venture agree- | companies eager to encourage the use of 

_El Salvador 1 2 ment with Interkiln Corp. of America, | private capital and know-how in friendly 
France 27 27 | headquartered in Houston, TX, to develop | and developing countries. OPIC has a $30 
Germany, Federal a $12 million facing brick and roofing tiles | million working budget to enhance 
Republic of 76 8]: manufacturing facility capable of produc- | businesses in Africa and is considering 
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TABLE 28 TABLE 28—Continued TABLE 30 — 

KAOLIN: WORLD ANNUAL KAOLIN: WORLD ANNUAL BENTONITE: WORLD ANNUAL 

PRODUCTION CAPACITY, PRODUCTION CAPACITY, PRODUCTION CAPACITY, 

DECEMBER 31, 1989, DECEMBER 31, 1989, DECEMBER 31,1989, 

RATED CAPACITY’ RATED CAPACITY* RATED CAPACITY’ 
: (Thousand metric tons) (Thousand metric tons) (Metric tons) 

Country Capacity . Country Capacity Country Capacity 

Algeria 16 Thailand 275 Algeria 36,000 

Argentina 140 | Turkey “250 | Argentina 150,000 

Australia 230 U.S.S.R. 3,100 Australia 41,000 

Austria 110 | United Kingdom 3,700 | Brazil 250,000 

Bangladesh 14 | United States 8955 | Buma  #§ 1,000 
Belgium 73 | Venezuela 27 Cypus ss sti(i‘C;S;COC~™ °80,000 

Brazil 820 | Vietnam 1 | Egypt ©. 5,500 
Bulgaria 300 | Yugoslavia 270 | France = ©=©)0—ti<i=‘S 14,000 

Burundi “6 | Zimbabwe __°l | Greece ~~~ 1,400,000 

Chile 34 Total 27,293 | Guatemala sts—~S 4,500 
lombia_ . 1, ; TT 

ee ~ ree acy at operating plants as well as at plants on Hungary 2 000 

Czechoslovakia’ 730 standby basis. Iran | 30,000 
=o 14 Israel 6,000 

Ecuador 3 TABLE 29 Waly 360,000 

Egypt 140 FULLER’S EARTH: WORLD Japan 0,000 
Ethiopia (including Eritrea) ‘5 | ANNUAL PRODUCTION CAPACITY, | “2%? ————_______— 2 
France 1,450 DECEMBER 31, 1989, Merlo TO 
German Democratic Republic 180 RATED CAP ACITY! Moroceo 20% 

Germany, Federal Republic of 650 (Metric tons) Mozambique 1,500 

Greece 160 | New Zealand 4,500 

Guatemala : 5 — Pakistan 45,000 
HongKong ~CS~S 9 Country Capacity Peru 27,000 

Hungary 4) | Algeria 4,000 | Philippines 27,000 
Inia sti“‘CéC;CO!#!;#;~;~;~;~;~;~™S 749 | Argentina 2,300 | bolandti(‘(et;*;*t‘i‘i‘t:™S 77,000 

Indonesia | 1590 | Australia (attapulgite) 16,000 Romania sstst—‘é‘C;O~;~™ 190,000 

Iran °120 | Italy 41,000 | South Africa, Republicof —=—s——«75,0000 
Israel 32 | Mexico 55,000 Saint (tti(i‘sS™SCS ~ 140,000 
Italy 90 Morocco (smectite) 55,000 Tawaniasstst—‘a‘‘(‘((;(<‘( 100 

Japan 230 | Pakistan 23,000 | Tukey SOSOSOSCSCS~CSO:SCSC« 00,000 

Kenya “{ | Senegal (attapulgite) 120.000; GUssR. ~~... 3,000,000 

Korea, Republic of 910 | Spain (attapulgite) 70,000 | United States 2,555,000 

Madagascar 6 United Kingdom 300,000 Zimbabwe ©120,000 

Malaysia 115 | United States 2,950,000 | tom SSSSt*=<“Cs~S*st‘s=~S*ts*~*~*~*~*«S «1,300 
Mexico 270 Total 3,636,300 | =. 4 
Mozambique “J ‘Includes capacity at operating plants as well as at plants on ‘Includes capacity at operating plants as well as at plants on 
Nigeria 1 standby basis. . standby basis. 

Pakistan 45 

Paraguay 64 

Peru 9 
Poland 55 | equity investment in 15 projects in as many | Rivers in the Almeirim Region within the 

a 190 | as 13 countries. rain forest.!* The reserves of the kaolin 

Romana 450 deposits are in the order of 400 million tons 

South Africa, Republic of 500 | Brazil and compare favorably with American Clay 

Spain St=t=<“‘i=*s*t‘sSSSSSCS 500 . and that produced by a nearby competitor, 

Silaske iW The State-owned company and world s | Caulim da Amazonia. Further geological 

———_ largest iron ore producer, Companhia Vale | work and feasibility tests are planned by 

Sweden ! | de Rio Doce (CVRD), was planning to | CVRD to move the project along. A 50,000 

Taiwan 90 | develop massive kaolin reserves north of | tpy pilot plant was assigned a high priori- 
Tanzania ‘2_ | the Amazon River between Paru and Jari ty for further evaluation and testing. 
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Canada New Zealand ducer24 Chamotte Holding’s mines and | 

Western Canada’s leading facebrick | The Australian building products group, | inthe Teasovaal, The aequicition, lL ning 
manufacturer IXL Industries Ltd., | Monier PGH, a joint venture between CSR So awiett . ; 

. ; ? ECCA’s existing total raw and calcined flint 
Medicine Hat, Alberta, expanded into the | Ltd. (51%) and Redland RLC (49%), ac- va: 

. i ; ; clay production capacities to 85,000 tpy and 
refractory brick business by acquiring NZ 5) the New Zealand Bricamakers 56,000 tpy, respectively 
Clayburn Industries Ltd.’s assets.!5 operations for an undisclose ° ° 
Clayburn, based in Abbotsford, British amount 1 cash Poe parent company, Sp ain 
Columbia, operates open pits in the United | Ceramco Corp. - Ceramco nas been 
States and Canada and ‘an underground | on a divestment policy for a number of The Zaragosa-based sepiolite producer, 
mine in Canada. The clay mined in | years. NZB recently completed a NZ $8 | Sociedad Anominia de Mineria y Tec- 
America is exported to Abbotsford for fur- | million upgrading of its Auckland plant, nologia de Arcillas (MYTA), announced 
ther processing. which solidified its position as one of New | it bought SEPCO SA, an attapulgite pro- 

Zealand’s largest brick manufacturers. ducer near Segovia in central Spain 25 The 

Chile | SEPCO plant, northwest of Madrid, has a 
‘edad Legal M; M Nigeria production capacity of 50,000 tpy and is 

Sarma Legal Minera Macarena | ye Govemment cited the need for in- | PFseny producing about 15,000 tp. 
| tonite producer planned to double its plant | V°Stments and technical expertise in ex- | * ONT h mine du, area, Operation fF 

capacity to about 6.000 tpy.6 Currently, | ploiting the nation’s largely underdeveloped bow, 150 600 t a On, menor ape 0 

SLMM’s entire production is sold to the mineral wealth.® Large reserves of in- 55000 eo y urrent bs eben . "i 
fishmeal industry where it is used as a dustrial minerals, including bentonite, were ) rons of Det waste adsorbents an 

: ; ..- : | touted as most promising by its geological | 10,000 tons of other products, mostly for pellet binder. The new production is in- surve exports within Europe. MYTA and SEP- 

renee for use by the power generation | CO products are also sold into the in- 
industry. . dustrial absorbents, animal feed, 

Pakistan agricultural chemicals, and insecticide car- 
China The povernment nas al ocated we are rier markets. MYTA and SEPCO are part | 

oo, . grants to the sSaindek Integrat ineral | of the Luengo group of Aragon, with diver- 
A directive by the Ministry of Geology | Development Project, in Chaghai District, | sified wnterests in mining, predominantly in 

OO co eat chions ~ pate id the Baluchistan, and the other to the geological | subbituminous coal. The group apparent- 
Coastal Regions!”. Industrial minerals | sen’, PUUre Srowths in production were | ly has identified further clay deposits for 

08s eetons.  neustra’ _munera’s | noted for many industrial minerals, in- | exploration, including an excellent kaolin 
specifically targeted include kaolin. Ap- | cluding china clay, as the principal | property. 
parently, 100 small- and medium-sized | justification for the project. ) 
mines under consideration, largely in rural 

carn O. ) rickworks with an annual capacity o 

Orient, concentrating on sanitaryware, | _ A new 6,000 tpy sulfuric acid-activation | 69 million standard bricks started produc: 
ceramic tile, and dinnerware markets has | Plant was commissioned by G & W's Base | tion in Tokmak in Kirghizia2° The plant 
been making slow but steady progress in | and Industrial Minerals (Pty.) Ltd. to be | yg built with Bulgarian assistance and im- 
meeting its near-term production and located at Koppies in the Transvaal.2? The ported production line equipment. Another 

marketing goals. new plant is using bentonite from its near- | ceramic production line was augmented at 
by Ocean deposit as a plant feed to supply | the Angren ceramics complex in Tashkent 

France local markets with a wide array of | t supply the construction needs of the ear- 
vegetable and mineral oil refinery clays. thquake devastated areas in Armenia and 

The Devon-based WBB, Europe’s | Exports, because of a weakened Rand, are | Tajikistan27 The new production capacity 
leading producer of ball clays, purchased | also contemplated. G & W’s new plant will of the Tashkent facility was stated to be its 
the assets of Pornon et Cie SRL, including compete directly with a joint venture, West | 611) design capacity of more than 200,000 
extensive hee ane an open pit mine oy S ee cnemne 7 CML). pea square meters of facing tiles. 

north of the Cen assive in Diou | Cullinan Minerals . , iS 
ey Allier.!8 tre company pees wo unclear whether me rocal comane is an United Kingdom 
et its West German subsidiary, Fuchs’sche | cient to accommodate both plants. ; 
Tongruben GmbH & Co. KG, operate the | in another bentonite action, was spending In environmental affairs involving fuller’s 
quarry and expand its production to upward | more than R$500,000 on modernizing its | earth (calcium bentonite), the application 

of 15,000 tpy, mostly for the Western Euro- | mine and mill complex at Heidelberg in the | of Laporte Earth Ltd. for permission to 
pean markets. These clays are said tocom- | Cape Province? The project was to include | mine clay from deposits at Waterhouse 
plement Fuchs’sche’s famous Westerwald | a new rotary kiln for improved quality con- | Farm, Bletchingley, and Jackass Lane near 
clays and are ideally situated to serve the | trol. In refractory clay, the flint clay and | Tandridge in Surrey was denied by the 
growing demand for early vitrifying and | Chamotte operations of Chamotte Holdings | Secretary of State for the Environment 2® 
fast-firing systems in southern France, | (Pty.) Ltd. were acquired by ECCA | Laporte, although disappointed, does not 
Spain, and Italy by the excellent West Ger- | Minerals (Pty.) Ltd., which now makes | intend to press the issue even though in- 
man transportation network. ECCA the largest domestic chamotte pro- | dustry reserves for Laporte and Steetley 
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PLC, the other domestic producer, at cur- | million bricks per year, was opened by | bauxite horizons. An excellent section 
rent production rates, would last about 5 | ARC Powell Duffryn Brick Ltd. (APDB) | underscored the technology of characteriz- 
years. The Secretary of State also suggested | to serve the Cambridge and East Anglia | ing these indigenous deposits to form a 
that cat waste absorbents and exports to | markets34 The new works will extend | basis of a major ceramics development in 
foreign facilities were not a valuable use | APDB’s brick range into a full line of | the Caribbean. The comprehensive South | 
of scarce natural resources. In a related | specialties indigenous to the area. Bag- | African manuscript, a first of two articles, 
event, Steetley agreed to purchase via its | geridge Brick PLC fired its first kiln at the | highlighted its attapulgite, bentonite, 
subsidiary, Steetley Minerals Ltd., the Ab- | recent completed Waresley factory near | kaolin, acid-activated, and refractory clay 
sorbent Products (AP) Div. of Lawrence | Kiddenminister35 The new Lingl kiln, | producers, including flints. A map show- 
Industries PLC based in Metcham, Sur- | Europe’s largest, has the capacity to pro- | ing the clay-producing areas and chemical 
rey2® AP is a major supplier of imported | duce upward of 2.5 million bricks weekly | analyses of white calcined and standard 
material, including Danish molar earths, | with initial production of 1 million bricks | chamotte products was a high point of the 
attapulgite, fuller’s earth, sepiolite, and | per year of its special line. Base material | clays section. The Namibian paper stress- 
other materials for cat litter and other in- | for the bricks is the West European Upper | ed the industrial minerals potential of the 
dustrial absorbent markets. This buy-out | Triassic clay and Keuper marl mined ad- | country, with an eye toward future in- 
expands Steetley’s similar Flixborough, | jacent to the plant. Baggeridge also | dependence. The geological presentation 
South Humberside, bulk storage and | manufactures bricks at Kingsbury and | included technical descriptions of areas 
packaging facility that also serves export | Hartlepool, which recently have undergone | considered to be promising for future 
markets. This acquisition not only makes | expansions. London Brick Co., The United | specialty clay production. The specialty 
Steetley more formidable in the growing | Kingdom’s largest brick producer, an- | clays were targeted largely for export while 
domestic absorbent marketplace but also | nounced production cutbacks amounting to | the common clays were designated for local 
positions itself for the future in the event | 15% to accommodate the slump in house | consumption. A similar exhaustive study 
of continuing reluctance on the part of | building activity? London Brick, owned | on the Australian kaolin clays was also 
Government officials to approve domestic | by the giant conglomerate Hanson PLC, | published? This excellent work not only 
mining permits. A joint venture, Abbey | closed five kilns at two of its plants in the | summarized the country’s major kaolin | 
Chemicals, between NL Chemicals-Europe | southern region. The kilns were to be refur- | producers and districts, but also presented 

and Steetley Minerals Ltd., planned to raise | bished for an anticipated upturn in the con- | the clay’s complete chemical analyses along 

the production capacity of its bentone | struction industry. Increased sales to com- | with appropriate physical and chemical 

organoclay rheological additives plant in | mercial and industrial construction partly | properties required by the filler and ex- 
Livingston, Scotland, United Kingdom, by | offset the slump in the housing demand. | tender, and ceramic industries in the Pacific 
50% 3° The plant manufactures the ad- | Cutbacks and postponements in ongoing | Rim. A noteworthy inclusion was a detail- 
ditives from NL’s American hectorite and | enlargements were also announced by But- | ed map locating the major producing areas. 
bentonite clays for use not only in the paint | terby Brick Ltd., Britain’s second largest | A scientific article on drilling for oil and 
and surface coatings industries but also for | brick producer at its Desford, Leiscester- | gas in the U.S. Gulf of Mexico was publish- 
plastisols, ink, grease, and cosmetics and | shire plant. ed.3 This article stressed the importance 
in thickening, antisettling, antisagging, and of the Gulf of Mexico to U.S. oil and gas 
flow-control markets. In fireclay news, | —————-————-----—————_ | production, the geology of deep water ver- 
Hepworth Ceramic Holdings PLC purchas- | TECHNOLOGY sus shallow water exploration, and the 
ed British Steel’s 22% minority holding in | ————-~——————————_ | Structure of the drilling fluids industry not 

the Hepworth subsidiary, GR-Stein Refrac- | only in the Gulf, but also nationally. A high 

tories Ltd., a major international refrac- Indepth reviews were published on the | watermark of the work was tables listing 

tories manufacturer! industrial minerals of Belgium?” Brazil3® | the minerals, including attapulgite, ben- 

The EC announced two kaolin actions | Guyana3® South Africa“° and Namibia! | tonite, and organoclays, in drilling fluids. 
during the year. The first was another new | which include sections on clay, local | These included consumption rates, technical 
research facility in St. Austell, Cornwall, | geology, reserves, mineralogy, mining and | rationale for use, and the general classifica- 
to be completed by yearend 1991 and the | milling flowsheets, indigenous mining | tion methods for water-, salt-, and oil-base 
divestiture of its 21% stake in a competing | methods, company profiles, and markets. | systems employed in drilling. A discussion 

kaolin and ball clay producer, WBB, for £13 | The Belgian paper covered the lightweight | on the quality requirements for bentonites 

million to a syndicate consisting of | expanded clay aggregates and kaolinitic | used in drilling fluids was the topic of 
Sablieres et Carrieres et Compagne Belge | sand producers while the Brazilian report | another drilling related work. The paper 
des Silicas Reunies SA (Sibelco) of | also highlighted the Brazilian mining laws | showed the suitability of non-Wyoming and 
Antwerp, Belgium, and Quarzwerke | and clay production statistics by region and | South Dakota area clays as well as Oregon 
GmbH of Frenchen, West Germany2? The | State. A noteworthy section on the in- | clays to meet American Petroleum Institute 
EC apparently felt uncomfortable with its | dividual Brazilian kaolin mining companies | (API) specifications for nontreated ben- 

minority ownership in a major competitor. | and their longterm production and | tonites. The API specifications and its ben- 
In brick expansion news, Ibstock Johnsen | marketing goals was of particular interest. | tonites tests were most informative.“ 

PLC implemented a new tunnel kiln and | A similar but lesser treatment was afford- A timely review article dealt with the 

automated brick marshaling equipment at | ed the Brazilian bentonite and acid- | current technical and financially driven 

its Leicester manufacturing facility23 A new | activated manufacturers. The Guyanese | decisions by U.S. papermakers in assess- 

f1 million brickworks at St. Ives, Cam- | study stressed the large kaolin deposits that | ing the various quantities and qualities of 
bridgeshire, capable of producing up to 20 | underlie the presently producing extensive | minerals to be used in their formulations 
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TABLE 31 

KAOLIN: WORLD PRODUCTION, BY COUNTRY’ 

Country? 1985 1986 1987 1988? 1989° 

Algeria 13,000 14,200 “14,000 “14,000 14,000 

Argentina 73,802 117,378 128,455 94,105 340,000 

Australia‘ 5165,827 185,617 176,958 “180,000 185,000 

Austria (marketable) | 100,151 "46,291 92,186 89,491 85,000 

Bangladesh® 4,178 2,695 12,272 10,097 37,092 

Belgium 337,000 40,000 45,000 “40,000 35,000 

Brazil (beneficiated) | 524,182 623,822 680,000 770,000 3846,200 

Bulgaria 257,000 265,000 281,000 285,000 280,000 

Burundi 4,360 5,113 5,290 4,021 34,305 

Chile 48,537 42,170 44,533 54,464 358,320 

Colombia 1,041,151 1,155,267 1,221,000 1,306,470 31,800,000 

Czechoslovakia 548,000 546,101 697,000 685,958 680,000 

Denmark | “13,000 10,404 9,304 39,324 15,900 

Ecuador 2,981 *2,000 1,600 5,000 4,500 

Egypt 108,378 127,784 125,256 124,122 3121,515 

Ethiopia (including Eritrea)° 7 "75 ‘90 2,500 750 400 

France? 1,510,000 1,350,000 “1,400,000 °1 400,000 1,400,000 
German Democratic Republic (marketable)° 175,000 165,000 150,000 165,000 150,000 

Germany, Federal Republic of (marketable) 410,000 512,000 588,000 673,000 675,000 

Greece 87,623 141,210 144,634 °147,000 145,000 

Guatemala 1,042 2,017 1,880 1,186 32,573 

Hong Kong 9,602 850 — — — 

Hungary 29,038 29,837 33,289 29,572 30,000 

India: 

Salable crude 585,000 733,000 695,000 579,000 3605,000 

Processed® 3110,000 100,000 150,000 150,000 150,000 

Indonesia 106,877 "132,240 122,046 147,109 3157,122 

Iran® “70,000 “70,000 “70,000 “70,000 80,000 

Israel® 27,000 27,000 27,000 27,000 27,000 

Italy: 

Crude 59,856 35,132 57,054 70,585 65,000 

Kaolinitic earth 25,970 21,110 22,194 18,626 20,000 

Japan 221,996 203,983 172,781 157,771 3165,696 | 

Kenya 320 2,000 40 — 42 342 

Korea, Republic of 658,282 849,742 630,945 832,110 31,219,174 

Madagascar 6,367 “6,000 1,427 365 31,315 

Malaysia 82,576 85,052 96,882 116,869 3108 ,347 

Mexico | 282,337 276,400 151,104 159,041 197,500 

Mozambique* | 3152 200 200 200 3 

New Zealand 24,471 28,464 25,548 29,649 25,000 

Nigeria‘ 300 250 250 250 3550 

Pakistan 6,644 37,056 32,208 | 41,968 339,907 

Paraguay 60,000 60,000 72,000 70,000 374,000 

Peru 210 6,328 626 “200 200 

Poland 48,500 49,200 “49,000 *50,000 50,000 

Portugal 80,097 54,841 66,763 71,200 58,300 

Romania® 410,000 410,000 400,000 400,000 400,000 

South Africa, Republic of : 128,899 126,124 151,730 175,033 3139,711 

Spain (marketable)? 413,719 375,082 433,077 438,160 440,000 

Sri Lanka 5,405 6,260 6,869 7,100 37,761 

Sweden 106 60 100 “100 100 
See footnotes at end of table. 
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TABLE 31—Continued | 

KAOLIN: WORLD PRODUCTION, BY COUNTRY* 

Country? 1985 1986 1987 1988? 1989° 

Taiwan 76,605 63,228 67,525 81,879 398,115 

Tanzania 1,636 2,270 1,446 528 1,000 
Thailand 106,704 8132,155 206,568 269,688 3328 ,824 

Turkey 69,390 78,430 134,114 209,223 3249 ,931 

U.S.S.R.° “2,000,000 "2,000,000 “2,000,000 "2,000,000 2,000,000 

United Kingdom "2,870,034 2,912,607 3,058,821 3,276,795 33,140,000 

United States!° 7,069,991 7,755,970 8,007,919 8,973,097 38,973,668 

Venezuela °23,500 “22,000 25,598 24,800 15,000 | 
Vietnam® 1,000 1,000 1,000 1,000 1,000 
Yugoslavia“ 205,000 210,000 215,000 250,000 | 250,000 

Zimbabwe 1,104 901 780 95 315 | 

Total "21,003,975 “22,258,931 23,007,772 24,818,043 25,669,083 

1Table includes data available through July 25, 1990. 

2In addition to the countries listed, China, Lebanon, Morocco, and Suriname may also have produced kaolin, but information is inadequate to make reliable estimates of output levels. 

3Reported figure. — . 

4May include ball clay and other clays grouped for statistical purposes as kaolin. 

5Excludes Western Australia. 

‘Data for year ending June 30 of that stated. 

7Data for year ending July 6 of that stated. 

"Includes kaolinitic clay. 

‘Includes crude and washed kaolin and refractory clays not further described. 

10Kaolin sold or used by producers. 

TABLE 32 

BENTONITE: WORLD PRODUCTION, BY COUNTRY’ 
(Metric tons) 

Country? 1985 1986 1987 1988? 1989° 

Algeria? 33,000 30,000 °30,000 °30 000 30,000 
Argentina | 147,065 146,191 108,595 169,552 150,000 

Australia? 29,070 “39,933 30,392 35,671 35,000 

Brazil 236,021 206,021 194,586 214,767 210,000 

Burma . 710 851 406 508 420 

Chile — — _ 529 42,005 

Cyprus 52,000 55,000 79,600 90,300 460,000 

Egypt “3,000 5,126 3,827 “4000 4,000 

France“ 414,900 10,000 8,000 8,000 8,000 

Germany, Federal Republic of . 169,000 179,000 167,000 197,000 200,000 

Greece 886,972 1,317,825 1,300,525 “1,200,000 1,200,000 

Guatemala 2,727 3,836 26,500 976 48,236 

Hungary 59,843 79,888 98,331 118,573 110,000 

Indonesia 6,658 5,730 7,962 8,266 43 863 

Iran‘ 27,000 27,000 27,000 27,000 37,000 
Israel (metabentonite)° 6,000 6,000 6,000 6,000 6,000 

Italy "304,172 “299,638 313,094 301,434 220,000 

Japan 461,530 478,254 468,705 455,137 4526,131 

Kenya® 200 200 ~ 200 200 

Mexico 267,695 136,500 129,596 168,146 188,500 

Morocco 2,877 3,834 2,948 3,445 43,970 

Mozambique 361 1,112 936 986 4126 

New Zealand (processed) 7,400 3,140 — 1,255 2,000 

See footnotes at end of whl. 
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| TABLE 32—Continued 

BENTONITE: WORLD PRODUCTION, BY COUNTRY’ 
| (Metric tons) 

Country? 1985 1986 1987 1988? 1989° 

Pakistan 1,611 1,362 2,537 4,880 5,466 

Peru 2,017 33,080 16,194 “20,000 20,000 

Philippines 24,971 1,800 759 2,030 42,782 

Poland® 75,000 75,000 75,000 “80,000 80,000 

Romania® 180,000 185,000 180,000 180,000 180,000 

South Africa, Republic of 43,472 48,265 48,953 66,750 462,987 

Spain 90,239 114,972 103 ,420 103,753 100,000 

Tanzania® 75 75 75 75 75 

Turkey 46,855 55,367 85,848 77,527 490,336 

U.S.S.R.© 2,890,000 2,900,000 2,900,000 2,900,000 2,900,000 

United States 2,898,710 2,551,950 2,545,775 2,870,971 43,112,365 

Yugoslavia 148,752 148,447 154,288 125,069 130,000 

Zimbabwe? 68,533 71,987 116,802 113,157 *104,865 

Total | 9,188,436 “9,222,384 9,233,854 9,585,957 9,794,127 

1Table includes data available through July 25, 1990. 

2In addition to the countries listed, Canada, China, and the U.S.S.R. are believed to produce bentonite, but output is not reported and available information is inadequate to make reliable estimates of output 

sinldes bentonitic clays. 

‘Reported figure. 

sMay include other clays. 

TABLE 33 

FULLER’S EARTH: WORLD PRODUCTION, BY COUNTRY’ 
(Metric tons) | 

Country? 1985 1986 1987 1988? 1989° 

Algeria” 3,500 3,500 3,500 3,500 3,500 

Argentina® 31,743 2,000 2,000 2,000 2,000 

Australia (attapulgite) “15,000 47,376 10,960 “15,000 15,000 

Germany, Federal Republic of (unprocessed) 701,000 680,000 677,000 670,000 665 ,000 

Italy 30,400 30,960 40,150 38,955 343,550 

Mexico 58,000 52,200 49,112 40,727 44,400 

Morocco (smectite) 24,425 35,100 46,271 52,694 348,420 

Pakistan 10,647 15,228 18,045 12,395 315,436 

Senegal (attapulgite) 95,957 81,857 111,048 108,425 398 ,882 

South Africa, Republic of (attapulgite) 5,885 10,125 6,026 7,161 36,609 

Spain (attapulgite) 59,697 67,820 40,818 43,585 45,000 

United Kingdom* © 216,000 202,000 213,000 “210,000 210,000 

United States 1,868,149 1,732,703 1,865,890 1,973,137 31,881,511 

Total “3,090,403 "2,960,869 3,083,820 3,177,579 3,079,308 

“Estimated. Preliminary. "Revised. NA Not available. 
‘Excludes centrally planned economy countries, some of which presumably produce fuller’s earth, but for which no information is available. Table includes data available through July 25, 1990. 

2In addition to the market economy countries listed, France, India, Iran, Japan, and Turkey have reportedly produced fuller’s earth in the past and may continue to do so, but output is not reported, and 

available-information is inadequate to make reliable estimates of output levels. 

3Reported figure. 

‘Estimates made by British Geological Survey of marketable production based on reported crude production, in metric tons, of: 1985—-292,000; 1986—248,000; 1987—-NA; 1988—NA; and 1989—NA. 

5Sold or used by producers. 
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to achieve optimum grades. This work em- | another article was to familiarize the reader | business ventures is again reasserting itself 
phasized technical paper terminology, | with an overview of popular pyroprocess- | in slowing down the overall economy. This 
minerals (in particular kaolin and its | ing techniques! The technology, market | pattern, if not offset by lower interest rates | 
substitutes), quality and specifications, | position, future availability of high-alumina | and increased availability of capital, will 
other mineral possibilities, and the outlook | kaolin clay specialty calcines and refrac- | again not only depress construction ac- 
for North American papermakers. The ra- | tory minerals were explored. The paper | tivities, but also spread into the overall 
tionale for calcined kaolin and/or | compared the different mullite-based | economy. The specialty clays used in more 
lightweight papers and the kaolin, calcium | refractories made from sillimanite group | diversified applications and industries held 
carbonate, both ground and precipitated, | minerals—andalusite, kyanite, and | up better than their common clay and shale 
along with talc were featured.*> The detail- | sillimanite—with its clay-derived | counterparts. Demand for these clays, 
ed report addressed the mining and | counterparts. which include kaolin, ball clay, fuller’s 
marketing of primary and secondary Min- An overview on fine-grinding techni- | earth, fire clay, and bentonite, generally 
nesota kaolins found in four southwestern | ques, including wet, dry, and classifications | fared better during the preceding decade 
countries near the Iowa border“® An ex- | schemes, currently used to meet the de- | and are expected to repeat this behavior. 
cellent section compares these northern | mand for finer and finer particle sizes was | In addition, the weakening U.S. dollar in 
Clays and their mining and refining methods | published? The technology of attrition | the latter part of the decade has encourag- 
with the more conventional sources and | grinding mills, used largely by the kaolin | ed specialty clays, led by kaolin, to expand 
flowsheets practiced in the Georgia and | industry, including sections on media for | its share of export markets. This perfor- 
South Carolina kaolin areas. attritors and agitators, and media used for | mance in exports is expected to continue 

An article critically reviewed the | milling were covered in detail. Similar | well into the next decade and possibly the 
technology developed by European | treatment was given to fluid energy and | next century. 
research projects that are continually be- | roller milling schemes. Diagrams of the Imports of clays, except for English china 
ing undertaken in the tile, tableware, and | equipment, specifications, and a graph of | and ball clays and acid-activated bentonites, 
Sanitary ware industries on the Continent.47 | typical working ranges for the different mill | are minor. The English clays enjoy a small 
The many advances made during the past | types were high points of the report. prestige-dictated market while the activated 
decade, such as in automation, energy Research indicated that bentonite and/or | clays are confined to use in the southern 
efficiency, quality optimization, and cost | montmorillinite clays specifically treated | and northern States. Exports of domestic 
effective production, were condensed to | with a one- or two-step modification pro- | clays, mostly kaolin, bentonite, ball clay, 
only seven fundamental steps: body | cess soak up and immobilize carcinogens | and fuller’s earth, are restricted to the 
preparation, including raw materials selec- | such as dioxin, polychlorinated biphenyls | higher valued specially treated varieties for 
tion of ball clay, kaolin, and calcined clays; | (PCB), and other toxic organic com- | use in drilling muds, paper-coating, and 
shaping; drying; decorating; firing; and | pounds.*> The clays treated with a cationic | iron ore pelletizing and by the foundry 
final treatment and inspection. The sections | inorganic polymer hydroxy aluminum pro- | industry. 
on high-pressure dry pressing, shaping, | ved to be far less expensive than conven- 
fast-firing, along with body preparation | tionally activated carbon absorption | — 
systems and their flowsheets, commonplace | systems. If further research proves out this BACKGROUND 
in Europe, were highlights of the report. | new approach, it should goalong wayin|~ = ——=—=—~—~<~;3;<3XC;C;C;C3;3C;7;3;3PTCté<‘<;7;7;7;] 
The trend in the clay and whiteware in- | inexpensively removing selected toxins Definitions. Grades. and Svecifications 
dustries to use shortened expensive firing | from industrial wastewaters, municipal ? ? pec 
cycles for wall tiles was the subject of | sewage treatment plants, and chemical Clays are classified in six groups in 
another investigation4® The research | and/or municipal waste dumps. Bureau of Mines publications. These are 
revealed that kaolin-bearing lead and lead- kaolin, ball clay, fire clay, bentonite, fuller’s 
free fast-fired wollastonite wall tiles showed | —————-—-—--————_|_ earth, and common clay and shale. The 
acceptable properties when compared with | OUTLOOK definitions listed in this work for the high- 
conventionally fired tiles. nev AN | alumina clays, kaolin, ball clay, and fire 

A new generation of technically clay are similar to those in Bureau of Mines 
sophisticated refractories, including high- U.S. clay demand during the past decade, | Information Circular 8335.4 
alumina clay-base bricks and monoliths | 1979-89, has rebounded slowly from the Kaolin, or china clay, is defined as a 
developed for the steelmaking industries, | recessionary years of 1981-82 to about 42 | white, claylike material approximating the 
was covered in an article“? Although the | millon tons or 5 million below the prereces- | mineral kaolinite. It has a specific gravity 
work stressed the role of fluxes in | sionary period high in 1979. The decade | of 2.6 and a fusion point of 1,785° C. The 
steelmaking, its influence on refractory | before witnessed a decrease in construction | other kaolin-group minerals, such as 
consumption by the different steelmaking | activity in the public, private, and commer- | halloysite and dickite, are encompassed. 
processes was exemplary. Another article | cial sectors. Large declines in the manufac- | Specifications are based on the method of 
provided an overview of major | ture of bricks, lightweight aggregates, | preparation (crude, air-separated, water- 
pyroprocessing techniques used for | portland cement, and other heavy products | washed, delaminated, air-dried, calcined, 
selected minerals, including clays>° The | were responsible, and this demand has | slip, pulp, slurry, or water suspension) and 
technology of rotary and tunnel kilns in | never fully recovered. Higher mortgage | on specific physical and chemical 
manufacturing refractory aggregates from | rates in the late 1980's, as in the late 1970’s, | properties. 
aluminosilicates such as kaolins was ex- | coupled with the limited availability of af- Ball clay is a plastic, white-firing clay us- 
amined indepth. The major thrust of | fordable housing and funds for public and | ed principally for bonding in ceramicware. 
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These clays are of sedimentary origin and Common clay is defined as a clay or | ultraflotation or wet magnetic separation 
consist mainly of the clay mineral kaolinite, | claylike material that is sufficiently plastic | treatment may be used to remove iron- or 
sericite micas, and organic matter. Ball | to permit ready molding. Its vitrification | titanium-bearing minerals to provide a 
clays are usually much finer grained than | point is usually below 1,100°'C. Shale is | whiter product. Common bricks as well as 
kaolins and, in general, set the standards | a consolidated sedimentary rock compos- | tile, pet litter, lightweight aggregate, etc., 
of plasticity. Specifications for ball clays | ed chiefly of clay minerals that has been | require firing in a kiln. The kiln firing or 
are based on methods of preparation | both laminated and indurated while buried | drying operation produces a_ finished 
(crude, shredded, air-floated, water- | under other sediments. The common clays | manufactured product. 
washed, or slurry) and pertinent physical | and shales are chiefly illitic or chloritic. Because of the many types of clay and 
and chemical tests, which are much the | The materials may also contain some | different qualities within each type, the 
same as those for kaolin. kaolins and montmorillonites and are | consumption pattern and hence the pro- 

Fire clay is defined as detrital material, | usually higher in alkalies, alkaline earths, | ducts for trade and industry are constantly 
either plastic or rocklike, containing low | and ferruginous minerals, but much lower | changing. Consumption of kaolin in refrac- 
percentages of iron oxide, lime, magnesia, | in aluminum than the high-quality kaolins, | tories has been growing since 1970 because 
and alkalies to enable the material to with- | fire clays, and ball clays. The presence of | of the increasing popularity of castable, 
stand temperatures of 1,500° C or higher. | iron usually imparts a reddish hue after fir- | ramming, gunning, and plastic mixes that 
Fire clay is basically kaolinite but usually | ing. There are no specific recognized | use calcined kaolin aggregates (grog) in 
contains other clays such as diaspore, | grades based on preparation and very lit- | their formulations.* Calcined kaolin grogs 
burley, burley-flint, ball clay, and bauxitic | tle terminology based on its usage, | have also made inroads in refractory brick 
clay and shale. Fire clays commonly oc- | although such a clay may sometimes be | manufacturing, replacing imported calcin- 
cur as underclay below coal seams and are | referred to as common, brick, sewer pipe, | ed refractory-grade bauxite grogs. Ben- 
generally used either for refractories or to | or tile clay. Clay and shale are used in the | tonite production has been moving away 
raise vitrification temperatures in heavy | manufacture of structural clay products | from iron ore pelletizing lines and 
clay products. The fired colors of fire clays | such as brick, drain tile, portland cement | redirected toward the drilling mud and 
range from buffs to grays. Specifications | clinker, and expanded lightweight | foundry uses that command premium 
are based on pertinent physical and | aggregates. prices. Bentonite products for waterproof- 
chemical tests to determine the properties Although many specifications have been | ing and sealing in construction and reser- 
of the clays and of products made from | established by the American Society for | voir uses have also gained in popularity. 
them. Testing and Materials, American Foun- Attapulgite-type fuller’s earth produc- 

Bentonite consists essentially of smectite | drymen’s Association, American Oil | tion, like bentonite, is finding increasing 
minerals (montmorillonite group according | Chemists’ Society, American Petroleum | applications in the premium drilling mud 
to some usages). The swelling-type has a | Institute, Technical Association of the Pulp | industry. 
high-sodium ion concentration and will in- | and Paper Industry, and other national 
crease materially in volume when wetted | organizations, many producers and con- Industry Structure 
with water, whereas the nonswelling types | sumers rely on their own tests and 
are usually high in calcium. Standard | specifications applicable to their specific An estimated 350 companies operating 
grades of swelling bentonite increase from | needs. The tolerance limits of | more than 1,000 clays pits or mines 
15 to 20 times their dry volume. The | mineralogical composition, particle size, | reported production in 1989; of these, 50 
specifications are also based on pertinent | and other physical and chemical properties | companies, most with multiple operations, 
physical and chemical tests, particularly | also are determined largely by individual | accounted for approximately 50% of the 
those relating to particle size and swelling | requirements. Detailed data on specifica- | tonnage and 80% of the value for all types 
index. tions have been published by the Bureau of | of clay produced and sold or used. Clay 

The term “‘fuller’s earth” is derived from | Mines.*5 production was reported in all States and 
| the first major use of the material, which Puerto Rico except Alaska, Delaware, 

was for cleaning textiles by fullers. The | products for Trade and Industry Hawaii, _Rhode Island, Vermont, and 
term has neither a compositional nor a Wisconsin and also the District of 
mineralogical connotation, and the Clay goes into a variety of products; con- | Columbia. 
substance is defined as a nonplastic clay or | sumption is weighted heavily in favor of Although most clays are mined by open 
claylike material, usually high in magnesia, | fired materials. Various methods are used | pit methods, a few underground mines ex- 
that has adequate decolorizing and purify- | in clay treatment before final use that alters | ist. In 1989, less than 2% of U.S. clay out- 
ing properties. Fuller’s earths are compos- | the form, but except for calcining and ca- | put was from underground mines. Penn- 
ed predominantly of the distinct needle- | tion exchange, these methods do not ap- | sylvania, Ohio, and West Virginia ac- 
and/or lath-shaped amphibole-like clay | preciably alter the chemical or | counted for the bulk of the underground 
mineral attapulgite or varieties of mont- | mineralogical characteristics. materials, which consisted mostly of 
morillonite. Fuller’s earths containing opal In manufacturing finished products, the | underclays associated with coal and suitable 
or other forms of colloidal silica are also | previously mentioned equipment plus a | for refractory uses. States leading in out- 
produced. Specifications are based on | kiln for fired or dried products is usually | put were Georgia, 9.8 million tons; Ohio, 
«physical and chemical tests to determine the | all that is needed. Kaolins for special use | 3.5 million tons; Texas, 2.4 million tons; 
properties of the products. Sepiolite-type | as paper coating may be bleached and fur- | North Carolina, 2.3 million tons; Califor- 
clays are also included for statistical | ther delaminated by grinding, defloccula- | nia and Wyoming, 2.2 million tons each; 
convenience. tion, and elutriation to special sizes; a final | and Alabama, 2.0 million tons. 
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Most of the large kaolin producers have | The economic radius for shipment of com- | mercially suitable for manufacture of 
principal operations in Georgia. In 1989, | mon clay or shale products is usually 200 | lightweight aggregate. Even with these 
three large diversified firms accounted for | miles or less. This promotes the existence | limitations of location and use, the state- 
about 60% of total domestic kaolin output. | of many local ownership companies, or in | ment “virtually unlimited” is used to de- 
Altogether, 42 firms operated 130 mines in | case of a large firm, the ownership and | scribe resources of common clay and shale. 
13 States. Georgia, the largest producing | operation of several strategically located U.S. reserves of clays, other than com- 
State, accounted for 84% of the total output. | pits and associated fabricating plants. mon clay and shale, which are virtually 

The ball clay industry is small, with 7 unlimited, owned or controlled by domestic 
producers operating 24 mines in 5 States Geology-Resources producers are estimated to total about 700 
in 1989. Three of these were large diver- million tons in the following categories: 
sified firms with widespread foreign and Clay is a product of the mechanical and | kaolin, 400 million; ball clay, 30 million; 
domestic mineral interests. Tennessee ball | chemical breakdown of parent rocks. The | fire clay, 100 million; bentonite, 120 
clay production represented almost 71% of | products from these weathering reactions | million; and fuller’s earth, 60 million. 
the total output. , consist of mixtures of particles of different Georgia contains large quantities of high- 

Fireclay producers were mostly refrac- | sizes and differing physical, chemical, and | quality kaolin suitable for paper-coating 
| tories manufacturers that used the clays in | mineralogical properties. The nonplastic | and paper-filler. A small area in Georgia 

firebrick and other refractories. Almost 70 | portion consists of altered and unaltered | and Florida contains sizable reserves of 
mines were operated in 1989 by 26 firms. | rock products (grit), which are usually | attapulgite-type fuller’s earth. Bentonite for 

Firms producing bentonite operated 220 | quartz, micas, feldspar, and iron oxides. | iron ore pelletizing and oil-well-drilling 
mines in 13 States. Four were large diver- | The plastic clays are usually high in clay | muds is chiefly from Wyoming. Fireclay 
sified firms with international mineral | content and low in grit. Clays may be fur- | deposits are widespread, such as those 
operations; three of the firms had interests | ther designated as residual or sedimentary. | found in Missouri, but currently exploited 
in other types of clay in the United States. | Residual clays are those occurring in the | deposits of highest quality fire clay are 
Wyoming was the leading State, accounting | same location in which they were originally | nearing depletion. Only a few States, 
for 70% of the total output. formed. Sedimentary clays are those that | namely Tennessee and Kentucky, have 

Bentonites are composed essentially of | have been transported, usually by water, | sizable deposits of ball clay. 
minerals of the montmorillonite group. The | and deposited elsewhere.*’ Further altera- 
swelling-type is high in the sodium ion. | tion and classification are common during | Technology 
Currently, the swelling-type is produced | transportation. The Georgia and South 
chiefly in Wyoming and Montana while the | Carolina kaolins are sedimentary; the Exploration.—As with other minerals, 
nonswelling-type is from mines in | North Carolina and the English china or | exploration for clays begins with an 
Mississippi and Texas. The United States | kaolin clays are residual* The Kentucky | understanding of the geologic occurrence of 
is the world’s largest producer and exporter | and Tennessee ball clays and the Missouri | deposits in question, followed by periods of 
of bentonitic clays. | fire clays are sedimentary types. Most ben- | sampling, testing, and appraisal. Once | — 

Nine of the 17 fuller’s earth producers | tonites, montmorillonites, and fuller’s earth | deposits have been located, they are either 
and 12 of the mines were in the attapulgite- | in North America and elsewhere were | auger or core drilled, both to obtain suffi- 
fuller’s earth areas of Florida and Georgia. | formed in place from volcanic ash or tuff. | cient samples for testing and storage and to 
These two States accounted for 57% of | The attapulgite-type fuller’s earth deposits | delineate the size and quality of the deposits. 
domestic production. Production, mostly | of Florida and Georgia were probably | The evaluation of bentonites and fuller’s 
small scale, was reported from seven other | formed differently. Geologists have never | earth is handicapped by the absence of stan- 
States in 1989. Most producers were small | found any evidence of volcanic materials | dard testing procedures or specifications. 
independent firms, but three were large | associated with these deposits.>? Generally, these two clays are produced to 
diversified corporations with international The definitions of reserves and reserve | meet the purchaser’s specifications. Kaolin 
mineral interests. The world’s fuller’s earth | base are published in U.S. Geological | samples are usually evaluated for filler ap- | 
needs are supplied from relatively few | Survey Circular 831, “Principles of a | plications by either wet or air-float process- 
areas. The United States is both the world’s | Resource/Reserve Classification for | ing and for ceramic uses. The grit, particle 
largest producer and user. Minerals,” which is reprinted in the in- | size, brightness, and leachability are all 

Firms producing common clay and shale | troduction of Mineral Facts and Problems, | determined. Air-floated clays normally re- 
in 1989 were manufacturers of structural | 1985 edition. quire only grit and brightness determina- 
clay products, clay pipe, lightweight ag- Common clays and shales are indigenous | tions. The kaolins, ball clays, and fire clays 
gregates, and cement. Essentially all were | to most countries. In 1989, U.S. produc- | destined for ceramic and/or refractory uses : 
integrated to the extent of owning or leas- | tion was reported from 43 of the 50 States | are analyzed for grit, brightness, green and 
ing and operating the deposits of clay used | and Puerto Rico. Resources are enormous, | dry strengths, fired color, and iron and 
in making their products. Private mining | but not all material is located ideally with | alumina contents. The common clays and 
contractors and haulers were beginning to | respect to the potential market, nor are in- | shales are usually tested for the intended end 
make inroads into many of these opera- | dividual deposits necessarily suitable for a | use, such as bricks, structural-drain tiles, or 
tions. A few of the producers were diver- | specific use. Most common clay or shale | lightweight aggregates. Usually, prepared 

sified firms having interests in metals and | deposits are usable for manufacture of com- | specimens are tested for plasticity, green 

other nonclay products. Some companies | mon brick, but the color or strength may | strength, shrinkage, vitrification temper- 
owned and operated several clay pits and | not meet the requirements of the local | ature range, etc., and for lightweight 

plants located to cover a large market area. | market. Relatively few deposits are com- | aggregates, the bloating range. 
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Mining.—Most clays are mined either Common Clay and Shale.—Processing | end use. Transportation costs are critical 
totally or selectively from open pits using | includes crushing, blunging, extruding, and | for common clays and very important for 
modern surface mining equipment such as | drying. most fire clays. The other clays, being less 
draglines, power shovels, front-end loaders, Imports of clays, for the most part, are | abundant and higher in unit value, can be 
backhoes, scraper-loaders, and shale | precluded because transportation costs | marketed at greater distances from produc- 
planers. Some kaolin is extracted by | would then be noncompetitive. tion centers. For example, paper-coating 
hydraulic mining and dredging, and a few Processing costs for clays range from a | clay is produced domestically in Georgia, 
Clay pits are operated using crude hand- | few cents per ton for some common clays | attapulgite-type fuller’s earth is produced 
mining methods. A small number of clay | to more than $400 per ton for some special | in Florida and Georgia, and the bentonite 
mines—principally in underclays in coal | paper-coating clays and high-quality clays | used for iron ore pelletizing is produced in 
mining areas—are underground operations | that require very elaborate and expensive | Wyoming and Montana. Consumers have 
‘employing mechanized room-and-pillar | treatments. little choice but to use those clays even 
methods. Truck haulage from either the pits Price schedules, although not complete, | though in many cases the shipping costs ex- 
or blending areas to the processing plants | are available and are published regularly | ceed the value of the clay at the mines or 
is the most common; other methods involve | in the Chemical Marketing Reporter. processing plants. : 
use of rail transport, conveyor belts, and Federal tax laws allow clay producers a Because most clays are relatively low cost 
pipelines in the case of kaolin. Recovery is | depletion allowance on both domestic and | materials in the crude state, mining costs 
almost 100% of the minable beds in most | foreign gross income not to exceed 50% of | must be kept as low as possible. Cost of 
open pit mines and perhaps 75% in under- | net income with depletion deduction. | the crude clays ranges from less than $3 per 
ground operations. The waste-to-clay ratio | Depletion allowances are as follows: ball | ton for some common clays to above $20 
is highest for kaolin, about 7:1, and lowest | clay, bentonite, kaolin or china clay, sag- | per ton for some of the higher quality 
for common clay and shale, about 0.25:1. | ger clay, and clay used or sold for purposes | materials. 

oo, a dependent on its refractory properties, 14% Import duties on clays have little impact 
Beneficiation.—Processing of clays | domestic and 14% foreign; fuller’s earth, | on the amount of clays imported. A small 

ranges from very simple and inexpensive | 149% domestic and 14% foreign; clay used | but dedicated demand for certain 
crushing and screening required for some | for extraction of alumina or aluminum prestigious English clays persists. 
common ays to very to prod ane naper- compounds, 22% domestic; clay used or 

~ | sold for use in manufacturing drainage and | — ee | coating clays and high-quality filler clays roofing tile, flower pots, and Kindred pro- OPERATING FACTORS 

for use in rubber, paint, plastic, and other | ducts, 5% domestic and 5% foreign; clay 
products. Significant processing losses are | and shale used for making brick, tile, and | In manufacturing finished clay products, 
involved only with kaolin and fuller’s earth | lightweight aggregate, 7.5% domestic and | the previously mentioned equipment plus 
where about 40% and 30%, respectively, | 7.54% foreign. a kiln for fired or dried products is usual- 
of the material delivered to the processing Severance taxes are levied by some pro- | ly all that is required by the energy inten- 
plants is discarded. Waste material from | ducing States. sive clay industry. Many clay producers, 
laveand » Consists pees o ee having successfully converted to coal from 
Clays and minor quantities Of quartz, mica, | ——~________________—_ | oil firing and gas firing, are not explorin 
feldspar, and iron-bearing minerals. — BYPRODUCTS AND the practicality of augmenting coal with | 

There are several principal processing | COPRODUCTS wood chips as a fuel. The conversion to 
methods for the various types of clay. ———— = _]|_ coal and/or wood as a kiln fuel is gaining 

| _ Kaolin.— Processing includes any one or | _ One firm each in Texas, California, and and cofractory prodilcte manafactariis ny 
a combination of crushing, blunging with | Florida produces silica glass sand as a | 5) pentonit : 
dispersant, rough sedimentation, water coproduct with kaolin. Byproduct flake m Lo, See PIE SSIne. l all 
fractionation, magnetic separation, ultra- | mica is mined by one kaolin producer in sses In mining are extremely smal, 
flotation, acid treatment, calcination, air | North Carolina, and coproduct bauxite is except in underground mining where 

ve adi 2 . recovery will average about 75 % . Process- 
floating, and attrition grinding, slurrying, | mined by kaolin producers in Georgia and | . . ; 
and delaminating. Alabama. Clay and limestone for cement ing losses for material receiving, crushing, 

grinding, mixing, shredding, blending, 
Ball Clay.—Processing includes drying, manufacture are often produced from the and drying also are insignificant. Losses 

shredding, pulverizing, air floating and | °“7°P roperty and reported as coproducts from washing, sizing, etc., reach 30% or 
slurrying. or byproducts even though they are usual- 40%. | 

| ly mined separately from different forma- Clay mining lacks many of the hazards 

Fire Clay.—Processing includes | tions or beds. Sand, gravel, and stone | |p orent in mining because few deposits re- 

crushing, calcining, and blending. aggregates are occasionally produced quire use of explosives and most are merely 

Bentonite.—Processing includes weather- together with common clays. open P it car hemoving oP oO 
ing, drying, grinding, sizing, granulation, Domestic mine employment in was 

and additives for cation exchange. ECONOMIC FACTORS veesine p lants pre ain Te the product fo r se 

Fuller’s Earth.—Processing includes or sale required about 10,000 workers or 
lunging, extruding, drying, crushing, grin- Economic factors affecting clays vary in | approximately five times the personnel in 

ding, sizing, and dispersing. importance with type, quality, and intended | the mines. 
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By Kim B. Shedd 

Ms. Shedd, a physical scientist with more than 10 years Bureau of Mines experience, has been the commodity specialist for 
cobalt since 1988. Domestic survey data and trade data were prepared by the Ferrous Data Section; international production 

tables were prepared by W. L. Zajac, Chief, International Data Section. 

.S. reported consumption of | cobalt for higher grade cobalt from other | milligram per cubic meter (mg/m?) of air 
cobalt decreased slightly from | sources. On September 22, DLA awarded | to 0.05 mg/m* In addition, OSHA > 
consumption reported for 1988. | the contract to Sherritt Gordon Ltd. of | established 8-hour time-weighted average — 
For the second year | Toronto, Canada. Under the contract, Sher- | limits of 0.1 mg/m? for cobalt carbonyl and 

in a row, domestic consumption exceeded | ritt was to supply 186 metric tons (410,394 | cobalt hydrocarbonyl. OSHA had no 
cobalt imports, resulting in a reduction in | pounds) of cobalt from Norway at a price | former permissible exposure limits for the 
industry stocks. The 1989 cobalt market | of $3.27 per pound in exchange for | latter two compounds.! 

| was characterized by stable prices. Signifi- | stockpile cobalt. The two other bidders | On April 28, 1989, the Environmental 
cant events included the Defense Logistics | were La Générale des Carrieres et des | Protection Agency published proposed 
Agency (DLA) contract to upgrade cobalt | Mines du Zaire (Gecamines), which of- | amendments to the effluent limitations and 
metal in the National Defense Stockpile | fered to supply its own cobalt from Zaire, | standards in the Secondary Tungsten and 
(NDS) and Brazil’s initial production of | and The Hall Chemical Co., which offered | Cobalt Subcategory of the Nonferrous 
electrolytic cobalt. Zambian cobalt. Although Sherritt’s bid | Metals Manufacturing Point Source 

| Category of the Clean Water Act? The pro- 
TABLE 1 - | posed amendments were the result of set- 

tlement agreements with companies af- 
SALIENT COBALT STATISTICS fected by the regulations. The amendments 

(Metric tons cobalt content unless otherwise specified) would increase the allowable amount of 

| cobalt in various wastewater streams in the 

1985 1986 1987 1988 1989 | Secondary Tungsten and Cobalt Sub- 
United States: category, but would not affect effluent 

Consumption: - limitations and standards in the Primary 

~~ Reported : 5,616 6,483 "6,645 "7247 7,065 | Nickel and Cobalt Subcategory.’ 
Apparent 7,118 “7,649 "7,986 7 824 7,164 

Imports for consumption 8,032 5,574 8,832 7,051 5,793 

Stocks, Dec. 31! 1,273 1,355 2,043 1,766 1,439 STRATEGIC 

Price: Metal, per pound? $11.43 $7.49 $6.56 $7.09 $7.64 | CONSIDERATIONS 
World: Production Te 

Mine ‘47,374 "50,199 "40,902 P43,608 “43,360. 
"Refinery 27,460  °31,399 27,956 27,040  °26,237 Cobalt is considered a strategic and 
CEstimated. PPreliminary. "Revised. =2=2=~=~OC~CS*é“‘™SO!™W...VVvVv Yr itical metal because of its many industrial 
‘Stocks held by consumers and chemical processors. | and defense-related uses and because the 
2Market price based on weighted average of Metals Week prices. United States is highly dependent on im- 

ports for its supply. The United States is 
sass higher than bids from the other com- | the world’s largest consumer of cobalt. In 

LEGISLATION AND panies, Sherritt won the award because of | 1989, the United States consumed nearly 
GOVERNMENT PROGRAMS a clause citing the Buy American and Trade | 30% of estimated world production. There 
a  -|: Agreements Acts. This clause provides top | was no domestic production, so demand 

preference to domestic material over | was met primarily from imports, with the 
The NDS goal of 38,737 metric tons of | foreign material, followed by preference to | exception of about 17% from secondary 

cobalt metal remained in effect during | material produced in countries designated | sources (scrap). To ensure an adequate 
1989. The actual yearend stockpile inven- | under the Trade Agreements Act of 1979. | supply in case of a national emergency, 
tory reported by the DLA was 24,088 | Norway was a designated nation, but Zaire | cobalt metal is included in the NDS. 
metric tons. In July, the DLA solicited bids | and Zambia were not. World cobalt production is concentrated 
to upgrade 515 metric tons (1,135,985 On January 19, 1989, the Occupational | in a limited number of geographic areas. 
pounds) of NDS cobalt. The solicitation re- | Safety and Health Administration (OSHA) | More than half of the world’s supply of 
quired that the cobalt provided met NDS | revised the permissible exposure limit for | refined cobalt comes from Sub-Saharan 
Purchase Specification P-13-R6 grade B, | cobalt metal, dust, and fume from an | Africa, primarily Zaire and Zambia. Most 
and included the option to exchange NDS |! 8-hour time-weighted average of 0.1 ! of the cobalt produced in Zaire is 
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transported through the Republic of South | However, cobalt use in superalloys in the | the addition of the estimate, cobalt con- 
Africa. Cobalt produced in Zambia was | past few years has remained high, with | sumption in cutting and wear-resistant 
formerly transported through the Republic | only a small decrease since the record level | materials increased to 9% of total con- 
of South Africa, but has been exported | reported for 1986. sumption. In addition to cemented car- 
through Tanzania in recent years. The An estimate for the cemented carbide in- | bides, this category also includes sintered 
United States prohibits imports of products | dustry was introduced to supplement | and cast carbides, diamond bit matrices, 

| “‘produced, manufactured by, marketed, or | reported data in the “cutting and wear- | and wear-resistant alloys. The data were 
otherwise exported by a parastatal | resistant materials” category. Because of | revised back to 1985 (tables 2 and 3). 
organization of South Africa’ under sec- 
tion 303(a) of the Comprehensive Anti- 
Apartheid Act of 1986 (Public Law TABLE 2 
99-440). The U.S. State Department has U.S. REPORTED CONSUMPTION OF COBALT,’ BY END USE 
certified cobalt as a strategic mineral so | 
that it is exempt from this prohibition. (Metric tons cobalt content) 

TTT End use 1985 1986 1987 1988 1989 

PRODUCTION _ | Steel: 

TE Ballo Ww WwW W Ww WwW 
. . High-strength, low-allo W W W W — 

There was no domestic mine or refinery ee Sng Oy r 
. . Stainless and heat-resisting 28 34 26 26 74 

production of cobalt in 1989. In September, “Tol 99 116 174 180-219 
Blackbird Metals Inc. signed agreements | ——— ~———_______-____ 

. . Superalloys? 2,418 2,924 2,873 2,887 2,813 
with Noranda Minerals Inc. and M. A. | = 
Hanna Co. for the sale of the Blackbird Alloys (excludes alloy steels and superalloys): 

70. SOF the sale or me Drackir Cutting and wear-resistant materials? ¢ 566 518 «= 654s *704.—Ss«654 
cobalt mine in Lemhi County, ID. The sale, |§ ——2=—____""——_- r r 

| . . Magnetic alloys 660 699 666 869 861 
which was dependent on several undisclos- | ——=———?______LL——- 
ed conditions, was not closed by yearend —Nonferrous alloys w w w w 27 

? . yy ° Welding materials (structural and hard-facing) W W WwW W W 
U.S. cobalt supply included secondary | — OT 
balt from th 1j f all d Other alloys 55 54 43 25 17 

vo om the recycing OF superalloy an Mill products made from metal powder Ww WwW WwW “W W 
other forms of scrap. Cobalt was recovered Chemical and cetamic uses) ~SC=<Ct*~“‘<CSC 
from spent petroleum catalysts at the Chemical and ceramic uses) 

oF, Catalysts "497 656 497 617 5819 
AMAX plant in Braithwaite, LA, and at | ——S—_______—_——-——- r : 

. . . Drier in paint or related usage 317 674 799 892 718 
Gulf Chemical and Metallurgical Corp. in. | ————_ SS 

Feed or nutritive additive 21 21 24 26 35 
Freeport, TX. Extra-fine cobalt metal |} ——WHW—- 

d duced in the United Stat Glass decolorizer 19 18 17 16 16 

powder was produced 1n me Lnned sates | ~ Ground coat frit _ 328 350 360 332 352 
at two locations. Carolmet, owned by Danan mm 

. igments 182 210 258 378 5319 
Metallurgie Hoboken-Overpelt S.A. | =H r I t 

. . Miscellaneous and unspecified 233 210 255 295 5143 
(MHO) in Belgium, produced extra-fine Tous SOtC“CSC‘<C2C; WF ”:~=<“iz&wzQI« THB TAS «AT 7065 | 

po wder from impo rted primary metal. GTE Revised. W Withheld to avoid disclosing company proprietary data; included with ‘‘Miscellaneous and unspecified.” 
Products Corp. produced extra-fine powder | 'nctudes estimates. 
from recycled materials. “Data before 1986 not comparable because of the addition of statistical canvass coverage of the superalloy recycling industry. 

: ‘ Includes wear-resistant alloys, diamond bit matrices, cemented and sintered carbides, and cast carbide dies or parts. 

Domestic chemical Pp TOCeSSOrS Pp roduc- ‘Data not comparable with those before 1985 because of the addition of an estimate for the cemented carbide industry. 

ed 2,197 metric tons of morganic and | ‘pata not comparable with those before 1989 because of a change in reporting method. 

organic cobalt compounds in 1989, as com- SData may not add to total shown because of independent rounding. 

| pared with 1,865 metric tons in 1988. 
Shipments (defined as sales, transfers, or 
consumption to make other compounds) TABLE 3 

were 1,904 metric tons, as compared with U.S. REPORTED CONSUMPTION OF COBALT,’ BY FORM 
1,816 metric tons in 1988. Production and (Metric tons cobalt content) 
shipments of extra-fine cobalt metal powder Coe ns OO OED | 
are withheld to avoid disclosing company | _. 
proprietary data. 1985 1986 1987 1988 1989 

Chemical compounds (organic and inorganic) 
$$ other than oxide "854 "893. 1,015 1,254 ~=—:1,277 

CONSUMPTION AND USES Metal? "3,878  °3,833 "4,094 "4,458 4,107 
—_. $$ mom  _| Oxide "477 559 512 517 497 

| Purchased scrap? "408 1,196 1,025 ‘1,018 1,184 
Reported domestic consumption of Total4 5616 6,483 6,645 "7,247 7,065 

cobalt decreased slightly in 1989 following "Revised. 
3 consecutive years of increases. Consump- | Includes estimates. : _ 

: : all the 1 ten d use for Data not comparable with those before 1985 because of the addition of an estimate for the cemented carbide industry. 

tion in super: oys, € lar. Ses 3Data before 1986 not comparable because of the addition of statistical canvass coverage of the superalloy recycling industry. 

cobalt, also showed a slight decrease. ‘Data may not add to total shown because of independent rounding. 
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Apparent consumption, as calculated | for cobalt metal imports in which both un- 
from net imports, consumption from PRICES wrought cobalt and cobalt waste and scrap 
recycled scrap, and changes in Government were reported. The HTS has four 
and industry stocks decreased 8% to 7,164 categories for cobalt metal imports: un- 
metric tons. Imports are the single largest of elestrolytic price $8.10 er P oun wrought cobalt; unwrought cobalt alloys; 
component in the calculation of cobalt ap- | November 1988 was maintained during cobalt mattes and other intermediate pro- 
parent consumption. U.S. imports of cobalt | 1999 The market price of electrolytic ducts of cobalt metallurgy, waste and scrap; 
in 1989 decreased 18% from those in 1988. | Qobait reported in Metals Week was stable and wrought cobalt and cobalt articles. 
This decrease coincided with the conver- | \ it 4 weishted f , | Changes in classification for imports of g average of $7.64 per pound 
sion to the Harmonized Tariff Schedule | ¢,- the year. Prices for these and other cobalt metal and chemicals are reflected in 
(HTS). In comparing data spanning a | cobalt- containing materials are presented tables 6, 7, and 8. Import duties on cobalt 
change in reporting procedures, it is often | ;, table 5. materials were not affected by the change 

| difficult to distinguish actual trends in the to the HTS. A full listing of cobalt- 
data from differences resulting from | —————------———————————Y—Y || containing imports under the HTS and their 
changes in classification. The HTS is | FOREIGN TRADE | duties are given in table 9. 
discussed in more detail in the Foreign | ———~--——-————_-_——————_ |_| The United States-Canada Free-Trade 
Trade section of this chapter. Agreement took effect January 1, 1989. 

Effective January 1, 1989, the United | Duties on cobalt chemicals, unwrought 
STOCKS States adopted the HTS for reporting trade cobalt alloys, and wrought cobalt and cobalt 

data. The HTS replaced the Tariff | articles originating in Canada were schedul- 
Schedules of the United States Annotated | og to decrease over a 5-year period (table 

Industry stocks of cobalt metal and cobalt (TSUSA) system. Classification of cobalt- 10)4 Other cobalt materials originating in 
compounds decreased for the second year | containing materials under the HTS differs | Canada were already duty free. 
in a row. Stocks held by consumers and | from classification under the TSUSA, so | Ys. imports of unwrought cobalt and 
chemical processors were equivalent to | trade data may not be directly comparable | cobalt contained in chemicals decreased to 
those before the stock buildup in late 1987 | with data reported before 1989. For exam- | an estimated 5.793 metric tons, valued at 
(table 4). ple, the TSUSA system had one category | ¢100 million. This is not directly com- 

parable with imports in 1988, which includ- 
| TABLE 4 ed waste and scrap. 

U.S. STOCKS OF COBALT MATERIALS, ! DECEMBER 31 The net import reliance as a percentage 

(Metric tons cobalt content) of apparent consumption was estimated to | 
be 83%. The net import reliance would be 

<< oeo86 1987,«41988 1989 100% if no cobalt were recovered from 
Chemical compounds (organic and morgan) ~=C~C~‘“‘=CSCSCtiCitCt secondary sources (scrap). Fifty-nine per- 

other than oxide 261 263 282 249 w | cent of U.S. cobalt imports were from ores 
Metal... 790 977 1,486 1,278 369 | Originating in the south-central African 
Oxide 8] Ww 105 16 w | countries of Zaire and Zambia. This in- 
Scrap ~—O=CSst‘SOSOS”S~SO 140 Ww 171 162 186 | cludes significant amounts of cobalt im- 
“Toa? SOtC=“CS~C=C‘CsSCSst‘; 7272OAD!”!”!”!”!”!””*~‘_ |] 85S5)~—6« 2,043 ~=«d2;, 766~—=*i2; 439. | POted from Belgium, where electrolytic 

W Withheld to avoid disclosing company proprietary data; included in “Toul.” =S*=~=*é“‘<C=S=~*<‘“‘ae’.-:'Y -ZdIAN CObalt 1s processed into metal 
*Stocks reported by cobalt processors and consumers. powder, oxides, and salts by MHO. Thirty- 
Data may not add to totals shown because of independent rounding. one percent 0 f U. S. cob alt imports in 1 9 g 9 

TABLE 5 were from Canada and Norway. 

YEAREND PRICES OF COBALT MATERIALS’ In 1989, the United States exported an 
estimated 889 metric tons of unwrought 

(Dollars per pound) cobalt and cobalt contained in chemicals, 
valued at $17.2 million. Major recipients 

1985 1986 1987? 1988 1989 | were Mexico (18%), France (12%), and 
Cobalt metal: Canada (11%). The remainder was shipped 

Cathode or granules (shot)? 4 11.70 7.00 7.50 8.40 8.40 | to 40 other countries. Exports of un- 
Fine powder (less than 1.6 micrometers)° 19.05 15.40 16.85 17.75 17.75 | wrought cobalt, waste and scrap, increas- 
Powder (300-mesh, 400-mesh, 100-mesh) 14.87 14.47 13.84 14.74 14.71 | ed 64% as compared with those of 1988. 
S-grade powder (minus 48-mesh) 11.70 7.50 7.75 8.65 68.65 Exports also included more than 171 

Cobalt oxide: metric tons, gross weight, of wrought metal 
Ceramic-grade (70% to 71% cobalt) 9.98 6.08 8.80 9.70 9.42 | and cobalt articles, valued at $7 million. 

Ceramic-grade (72% to 73% cobalt) 10.26 6.24 9.04 9.94 9.67 | The majority of these materials was sent 

Metallurgical-grade (76% cobalt) 10.61 6.51 9.41 10.31 10.06 | to four countries: Canada (31%), Japan 
'Prices for 1985-88 are from Metals Week; 1989 prices are list prices from African Metals Corp., unless noted. (16 %), France (15 %), and the United 

seepresents prices as oF Jan. 2 rice. Kingdom (13%). The remainder was ship- 
so ioe ped to 18 other countries. In addition, 28 

-kilogram drums. . . . 
Sherritt Gordon Ltd. list price. metric tons, gross weight, of material was 
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TABLE 6 exported under the category entitled, 

U.S. IMPORTS FOR CONSUMPTION OF COBALT, BY FORM Cobalt ores and concentrates.” Canada 
was the major recipient of this material. 

(Metric tons unless otherwise specified) 

Form 1987 1988 1989 WORLD REVIEW 

Metal:! 

Gross weight 8,442 6,675 5,444 World refinery production decreased 
Cobalt content® 8,442 6,675 5,444 | slightly from that of 1988. Sales from 
Value thousands $122,791 $105,544 $91,960 | primary Western producers to Western con- 

Oxides and hydroxides:2 | sumers were estimated at 21,450 metric 
Gross weight 361 337 380 | tons, relatively unchanged ‘from 21,050 
Cobalt content® 267 249 273 | metric tons in 19885 The balance of 
Value thousands. $5,293 $5,692 $6,598 | Western World demand was met from in- 

Other forms:? dustry stocks. | 
Gross weight 410 424 281 

Cobalt content* 123 127 75 | Capacity 
Value thousands $2,004 $2,689 $1,426 The data in Table 12 are rated capacity 

Totals for refineries as of December 31, 1989. 
___ Gross weight . 9,213 7,436 6,105 | Rated capacity is defined as the maximum 
____ Cobalt content 8,832 7,051 5.793 | quantity of product that can be produced 

: Value thousands $130,088 $113,925 $99,984 in a period of time on a normally sus- 

‘Unwrough cobalt, excluding alloys; data before 1989 include waste and scrap. tainable long-term ope rating rate, based on 

2Data before 1989 are oxides only. the physical equipment of the plant, and 
71989 data are cobalt sulfates, cobalt chlorides, cobalt carbonates, and cobalt acetates. Data before 1989 are cobalt sulfate, other given acceptable routine operating pro- 

rari ob cmon, ander cobalt of ozs as. cedures involving labor, energy, materials, 
Source: Bureau of the Census; minor adjustments by the Bureau of Mines. and maintenance. Cap acity includes both 

| operating plants and plants temporarily 

TABLE 7 

U.S. IMPORTS FOR CONSUMPTION OF COBALT, BY COUNTRY 

Metal? Oxides and hydroxides? Other forms? Total 

1988 1989 1988 1989 1988 1989 content‘ * 

Country of origin Gross Value Gross Value Gross Value Gross Value Cobalt Value Cobalt , Value 1988 1989 
weight (thou- weight (thou- weight (thou- weight (thou- content? (thou- content (thou- (metric (metric 
(metric sands) (metric sands) (metric sands) (metric sands) (metric sands) (metric sands) tons) tons) 
tons) tons) tons) tons) tons) tons) 

Belgium 352 $7,508 718 $14,197 215 $3,744 236 $4,147 15 $462 21 $380 526 909 

Canada 1,581 23,651 = 1,211 19,905 25 397 25 415 18 244 — — 1,618 1,229 

_ | Finland 99 3,475 40 1,506 38 489 57 865 46 558 18 316 173 98 

France 21 506 11 475 5 224 6 248 — — — — 25 15 

Germany, Federal 
Republic of 131 2,623 97 1,987 — — — — (°) 11 — — 131 97 

Japan 51 647 22 560 — — (°) 4 2 373 — — 53 22 

Netherlands 24 152 _ — — — — — — — — — 24 — 
Norway 625 9,257 593 9,170 — — — — — — — — 625 593 

South Africa, 
Republic of 2 46 223 3,687 8 142 — — 5 63 16 230 13 239 

United Kingdom 31 355 10 160 38 602 55 919 23 479 20 493 82 70 

Zaire 2,442 38,866 1,076 19,065 — — — — — — — — 2,442 1,076 

Zambia 1,208 16,942 1,418 20,852 — — — — — — — — 1,208 1,418 

-| Other 108 1516 26 396 _7 94 6 — 17 499 ©) 8 130 26 

Total’ 6,675 105,544 5,444 91,960 337. «5,692 380 ~—«6,598 127 2,689 75 1,426 7,051 5,793 
1Unwrought cobalt, excluding alloys; data before 1989 include waste and scrap. 

2Data before 1989 are oxides only. 

31989 data are cobalt sulfates, cobalt chlorides, cobalt carbonates, and cobalt acetates. Data before 1989 are cobalt ‘sulfate, other inorganic cobalt compounds, and other cobalt salts of organic acids. 

‘Estimated from gross weights. 

SData may not add to total shown because of independent rounding. 

®Less than 1/2 unit. 

Source: Bureau of the Census; minor adjustments by the Bureau of Mines. 
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TABLE 8 mining and refining by Western Mining 

U.S. IMPORTS FOR CONSUMPTION OF ADDITIONAL Komp. in Western Australia and Queensland 
COBALT MATERIALS, BY COUNTRY, 1989 ickel Pty. Ltd. in Queensland, respective- 

ly. Minor amounts of cobalt oxide were 
SSMS produced as a byproduct of zinc produc- 

Unwrought Other cobalt: matte, Wrought cobalt tion by Pacific Smelting and Mining Co. 

| cobalt alloys waste and scrap! —=——_—_sand cobalt articles Ltd. in Risdon, Tasmania. 

Gross Gross Gross Queensland Nickel signed long-term con- 

Country of origin weight how weight how, weight how, tracts for lateritic nickel ore from Indonesia 
(metric sands) «metric nds) (metric ands) and New Caledonia. The ore was to replace 
tons) tons) tons) feed from the Greenvale deposit, which was 

Belgium 18 $445 (*) $8 (°) $2 expected to be depleted within a few years. 
Canada (3) 5 43 602 35 610 Cobalt sulfide produced at the Yabulu nickel 
Finland — — 20 761 — — refinery in Townsville, Queensland, was 
France 401,647 20 286 ] 34 refined by Outokumpu Oy in Finland. 
Germany, Federal Republic of 2 122 20 263 3 58 MIM Holdings Ltd. worked on develop- 

Japan 10 687 29 S11 21 2,045 ing a method to recover cobalt from its 
Netherlands — — 18 77 ) 2 Mount Isa copper concentrate at the com- | 
South Africa, Republic of (°) 3 (°) 2 — — pany’s Hydrometallurgical Research 
United Kingdom 8 81 184 2,373 16 630 Laboratories in Brisbane. During the year, 
Other 2 311 3006 1? 8 _ 247 a pilot plant was being built to test the 
Total* 903,301 364 5,054 843,627 method. The process was reported to in- 

"Includes other intermediate products of cobalt metallurgy; may include other cobalt-bearing materials from which cobalt is extracted or volve flotation and bacterial leaching, 

on Wich Cobalt containing chemical compounds are manufactured. followe d by pr ecipitatio n of Cc ob alt sul fat e. | 

3Less than 1/2 unit. | Production of cobalt metal was to be 
“Data may not add to total shown because of independent rounding. considered. 

Source: Bureau of the Census; minor adjustment by the Bureau of Mines. ° Resolute Resources Ltd. , of Perth, 

reportedly planned to develop its nickel 
deposit at Bulong, near Kalgoorlie in 

TABLE 9 Western Australia. Based on a preliminary 
U.S. IMPORT DUTIES FOR COBALT-CONTAINING MATERIALS, feasibility study, the company could pro- 

EFFECTIVE JANUARY 1, 1989 cess 1 million metric tons of ore per year 
with a sulfuric acid leaching process, from 

sss | which an estimated 13,000 metric tons 
Item prs Most favored Non-MFN Special? ? nickel and 800 metric tons cobalt in a No. nation (MFN) _ 

Chemical Compoundse TT sulfide precipitate could be produced. Total 
pou . 

Cobalt acetates 2915.23.00 4.2% 30% __Free (A, B, 11) | MMdicated reserves reportedly were more 
Cobalt carbonates 2836.99.10 4.2% 30% Do. than 100 million metric tons ore. 
Cobalt chlorides 2827.34.00 4.2% 30% Do. 

Cobalt oxides and hydroxides 2822.00.00 2.6 cents/kg 44 cents/kg Do. Botswana 

Cobalt sulfates | 2833.29.10 1.4% 6.5% Do. The quantity of metal produced in 
Cobalt matte, waste and scrap 8105.10.90 Free Free XX copper-nickel-cobalt matte by BCL Ltd. 
Cobalt ores and concentrates 2605.00.00 Free Free XX decreased from the record high establish- 
Unwrought cobalt alloys 8105.10.30 5.5% 45% Free (E, IL) ed in 1988. Production of nickel, copper, 
Unwrought cobalt, other 8105.10.60 Free Free XX and cobalt in 1989 was reportedly 39,025 
Wrought cobalt and cobalt articles 8105.90.00 5.5% 45% Free (A, E, IL) | metric tons, of which 207 metric tons was 
XX Not applicable. oe cobalt.’ The drop in production was at- 

vA Generalized System of Preferences: E. Caribbean Basin Eoonomie Recovery Act; IL, United States-Israel Free Trade Area. tributed Pp rimarily to dep letion of high- 

Source: International Trade Commission. gta de concentrates stockpiled during a fur- 
nace overhaul in 1987. During the year, the 
company developed a new copper-nickel 

closed that, in the judgment of the author, | Federal Republic of Germany firm Salzgitter mine in the Selebi North deposit, with the 
can be brought into production within a | Industriebau GmbH, with technical assis- | intention of maintaining current ore pro- 
short period of time with minimum capital | tance from Inco Tech Ltd., a subsidiary of | duction levels into the future. 
expenditure. Inco Ltd. Cobalt oxide was to be produc- 

ed from domestic nickeliferous iron ore. | Brazil 

Albania | Cia. Niquel Tocantins, a Brazilian nickel 
Trial production was reported at the Australia producer, started production of electrolytic 

nickel-cobalt refinery at Elbasan, southeast Nickel-cobalt sulfide and cobalt sulfide | cobalt at its nickel plant in Sao Miguel 
of Tirana. The plant was built by the | were produced as a byproduct of nickel | Paulista, Sao Paulo State. This represented 
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TABLE 10 

U.S. IMPORT DUTIES FOR COBALT-CONTAINING MATERIALS UNDER 
THE UNITED STATES-CANADA FREE-TRADE AGREEMENT 

Effective date 
HTS _ TO 

Item No Jan. 1, Jan. 1, Jan. 1, Jan. 1, Jan. 1, 
1989 1990 1991 1992 1993 

Chemical compounds: 

Cobalt acetates | 2915.23.00 3.3% 2.5% 1.6% 0.8% Free 

Cobalt carbonates 2836.99.10 3.3% 2.5% 1.6% 0.8% Free 

Cobalt chlorides 2827.34.00 3.3% 2.5% 1.6% 0.8% Free 

Cobalt oxides and hydroxides 2822.00.00 2 cents/kg 1.5 cents/kg 1 cent/kg 0.5 cent/kg Free . 

Cobalt sulfates | 2833.29.10 1.1% 0.8% 0.5% 0.2% Free 

Unwrought cobalt alloys! 8105.10.30 4.4% 3.3% 2.2% 1.1% Free 

Wrought cobalt and cobalt articles 8105.90.00 4.4% 3.3% 2.2% 1.1% Free 

1Duty on unwrought alloys of cobalt, containing by weight, 76% or more but less than 99% cobalt, originating in Canada temporarily suspended (on or before Dec. 31, 1993). 

Sources: Federal Register and International Trade Commission. 

TABLE 11 

U.S. EXPORTS OF COBALT IN 1989, BY COUNTRY! 

Metal? Oxides and hydroxides Acetates Chlorides 

Gross ,)Sti(‘(‘é‘wOSSS:C(t Coss Gross Total otal 
Country of destinati nr nt Value? re nt Value? ro nt Value? re nr Value? content* —_value® 
ountry of destination weigh (thou- weigh (thou- weigh (thou- weigh (thou- (metric (thous- 

(metric (metric (metric (metric 
sands) sands) sands) sands) tons) sands) | 

tons) tons) tons) tons) 

Australia 2 $73 24 $340 — — — — 19 $413 

Austria 22 285 — — — — _ — 22 285 

Brazil 30 332 22 263 21 $146 — — 50 741 

| Canada 65 1,587 35 301 12 72 7 $164 95 2,124 

China (5) 5 — — 50 245 = _ 12 250 

France 108 2,664 2 47 — — — — 109 2,711 

Germany, Federal 

Republic of 35 1,515 (°) 3 — — — — 35 1,518 

Hong Kong 1 18 — — — — 12 39 4 57 

Indonesia — — — — 44 228 — — 11 228 

Italy 7 179 21 198 — — — — 23 377 

Japan 16 623 71 712 — — — — 67 1,334 

Mexico 6 178 144 1,515 198 463 6 45 159 2,200 

Netherlands 6 263 31 198 5 30 — — 29 491 

Taiwan — —_ 88 575 23 115 — — 69 690 

United Kingdom 26 733 14 551 23 130 — _— 4) 1,414 

Venezuela (°) 9 28 395 — — — — 21 404 

Other 31 990 122 976 17 47 — — 123 2,013 

Total® 355 9,452 603 6,073 393 1,476 25 248 889 17,249 

1In addition to the materials listed, the United States exported cobalt ores and concentrates and wrought cobalt and cobalt articles. 

Includes unwrought cobalt, powders, waste and scrap, and mattes and other intermediate products of cobalt metallurgy. 

3Customs value. 

‘Estimated from gross weights. 

5Less than 1/2 unit. 

‘Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 12 Sherritt Gordon produced 613 metric | Japan 
tons of cobalt, 34% less than production 

WORLD ANNUAL COBALT in 1988.1! The decrease was attributed to oasennd in Japan's one of seven stockpile 
PRODUCTION CAPACITY, a cutback in production to balance demand | The Metal Mining Agency of Japan 

DECEMBER 31, 1989 for the company’s cobalt products and to | reported a supply of 51 days in the stockpile 
(Metric tons cobalt content) decreased production as a result of unex- | at the end of fiscal year 1989 (April 1, 1989 

perted arsenic Oe a af nickel- | through March 31, 1990), 35.7 days in the 
TT | cobalt feed. -year feedstock contract 

____— Country «Refinery capacity | between Inco and Sherritt expired at the orivate stockpile. Stcckpile coal, to re 
Brazil 300 end of 1989. During 1988 and 1989, Sher- | achieved by March 1992, were 60 days of 
Canad “0 ritt arranged contracts for feed from the | Japanese consumption, divided into 42 
Finlandt 1,800 Namew Lake Mine in Manitoba, and the days in the Government stockpile and 18 
France? 600 Redstone Mine near Timmins, Ontario. At | days in the private stockpile | 
Japan * 2,800 yearend, the company continued to pursue | Japanese cobalt consumption in 1989 was 
Norway 2,000 additional sources of nickel-cobalt feed. In | reported to increase 11% to 2,585 metric 
South Africa, Republic of _ «600 September, Sherritt won the contract for | tons compared with that of 1988. Cobalt use 

SS __$———— 09 | te NDS cobalt upgrading program (see | by industry as compared with that of 1988 
Faire 18.000 Legislation and Government Programs sec- | was as follows: catalysts increased 35% to 
Jamba rs (00 tion of this chapter. ) 373 metric tons; hard metal tools increas- 

Toul’ 79.000 Geddes Resources Ltd. continued | eq 18% to 302 metric tons; special steels 
ee | exploration at its Windy Craggy copper- | increased 17% to 787 metric tons; tubes, 

‘Includes sats. cobalt-gold-silver deposit northwest of | plates, rods, and wire increased 17% to 333 
*Cobalt chloride, | Haines, AK, in northwestern British Col- | metric tons; magnetic materials decreased 

‘Based on estimated oduct umbia. According to the company’s annual | 7% to 555 metric tons; and other uses 
sStandby capacity. report,’ the proven and probable reserves | decreased 3% to 235 metric tons.'5 
‘Does not include Albania or China. ata 1% copper cutoff grade were estimated 

at 113.8 million metric tons averaging 

the first production of cobalt metal in 1.92% copper, 0.08% cobalt, 0.2 gram per | Norway 
Brazil. Before installation of the cobalt cir- | 9 80!d, and 3.7 grams per ton silver. Ad- Cobalt production at the Falconbridge 
cuit, cobalt carbonate from Tocantins’ | tonal possible reserves were estimated at | Nikkelverk refinery was 1,946 metric tons, 
nickel refinery was sent to Falconbridge 51.6 million metric tons averaging 1.82% | almost equal to production in 1988 at 1,951 
Nikkelverk in Norway to be refined. At | COPP&! 0.08% cobalt, 0.2 gram per ton | metric tons.!© Feedstock for the refinery 

yearend, the cobalt circuit was reported to gold, and 4.3 grams per ton silver. Because | was in the form of matte, mostly from Sud- 
be producing 20 metric tons of cobalt per the reserve estimates did not take into | bury in Canada (60%), BCL Ltd. in 
month. The company hoped to increase account mining dilution, they were consid- | Botswana (25%), and Noril’sk in the 
capacity to 600 metric tons per year by 1991 ered “geological reserves” by the company. | U.S.S.R. (10%).!7 Cobalt from Falcon- 
or 1992. The cobalt was expected to replace Metallurgical, engineering, and economic | bridge Nikkelverk was to be supplied to the 

imports for domestic consumption, with studies were performed in 1989, and an en- | NDS under the cobalt upgrading program 

some also possibly available for export vironmental baseline study was submitted | (see Legislation and Government Programs 
to the British Columbia Government. section of this chapter. ) 

During 1989, Northgate Exploration Ltd. in- 
‘Canada creased its interest in Geddes to 37%, and 

Falconbridge Ltd. changed ownership in | Cominco Ltd. purchased a 17% interest. | Philippines 

September when it accepted a joint offer At yearend, ownership of the Nonoc 
from Noranda Inc. of Canada and Sweden’s | Rinland | | Mining and Industrial Corp. nickel produc- 
Trelleborg AB to purchase all outstanding Outokumpu Ov’s production of cobalt | tom facility remained with the Philippine 
common shares. Noranda and Trelleborg roducts ae eased ij % in 1989 to 1.295 Government’s Asset Privatization Trust in 

planned to own and manage the company n etric tons contained cobalt 13 Outokumpu’s spite of attempts to sell at auctions and 
on an equal basis. Falconbridge’s 1989 Keretti Mine in south eastern Finland was | ‘hrough negotiations during the year. The 
cobalt production from mines in Sudbury closed in Mav 1989. Since its opening in | @¢ility, located in Surigao del Norte, 
was 740 metric tons, down from 840 metric 19133. an ostitmated 30 million metic ome of | Nonoc Island, was one of the state-owned 
tons in 1988. An additional 500 metric tons ore had been mined. producins concentrates | ™ining companies the Government intend- 
of cobalt was produced in 1989 from containing 60,000 ric tne of cobalt 4 | ©d to privatize. 
custom feed smelting® Bm " 

Inco Ltd. produced 1,510 metric tons of . . 
cobalt in 1989, as compared with 1,410 France | South Africa, Republic of 

: metric tons in 1988? Inco’s 1989 cobalt The French Government tendered several Cobalt was produced as a byproduct of 
deliveries, including cobalt contained in | 30 to 80 metric ton lots of Government | the platinum industry in the Transvaal Pro- 
alloys and engineered products, were 1,456 | stockpile cobalt during 1989. Gecamines | vince by Rustenburg Platinum Mines Ltd., 
metric tons, an 8% decrease from | purchased some of the stockpiled cobalt, | Impala Platinum Ltd., and Western 
deliveries in 1988.! | reportedly to maintain market stability. Platinum Ltd. 
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The Zinc Corp. of South Africa Ltd. | Development Department of the Zambian | Zimbabwe 
(Zincor) investigated methods of improv- | Ministry of Mines, was 4,488 metric tons?! Delta Gold NL, an Australian company, 
ed cobalt removal during zinc processing. The addition of ion exchange columns to | considered mining a portion of the Great 
Increased cobalt levels were the result of | the electrolyte circuit of ZCCM’s Cham- | Dyke, a 500-km precious metals and 
treating concentrates from Black Moun- | bishi cobalt refinery in 1988 was reported” | chromite deposit that crosscuts Zimbabwe 
tain. A design and feasibility study for a | Nickel contents of cobalt metal produced | north to south. Minor amounts of cobalt 
cobalt recovery plant was completed in | at Chambishi were decreased to.about 0.06 | would be contained in nickel-copper matte 
1988. However, no decision was made in | to 0.08 2. . produced as a byproduct of platinum group 
1989 on whether to proceed with building | A preliminary study on the moderniza- | metal and gold production. The matte was 
a plant for byproduct production of cobalt. | tion of ZCCM’s Nchanga concentrator was | to be toll refined in Zimbabwe. 

undertaken? The focus of the study was 
on options for replacing.the many small | —_ Co 

Zaire flotation cells used in the plant. The study CURRENT RESEARCH | 
, concluded that column flotation was not 

Gecamines was the world’s largest cobalt | recommended for the roughing circuit, but | |The Bureau of Mines received an R&D 
producer, providing more than one-third of | could be investigated for the sulfide clean- | 100 Award from Research & Development 
the estimated world refinery production. | ing circuit. Further investigation for the | Magazine for a process developed to 
The company’s cobalt production decreas- | roughing circuit was to be directed toward | recover cobalt from copper leach solutions. | _ 
ed 6% from that of 1988. Gecamines stated | the use of large flotation cells. The ion exchange/solvent extraction/ 
that it planned to continue producing at 
levels that will maintain a balance with de- 

. . . TABLE 13 
mand, and intentionally reduced its large ' 
inventories during 1988 and 1989.!8 Insuf- COBALT: WORLD MINE PRODUCTION, BY COUNTRY 

ficient overburden removal and ore extrac- (Metric tons cobalt content) 
tion from the open pit mines had also been | _ 
reported as a contributing factor toward | ———-————————$ 

A comprehensive review of copper and | Albania® ? 600 600 600 600 ~ 600 
cobalt production in Zaire was published | Australia* 1,134 * 1237 * “1,261 * ©1200 1,000 

by a former Gecamines engineer.!? Geology | Botswana’ 222 163 181 291 275 
of the deposits and operations at the mines, | Brazile 100 150 150 150 200 

concentrators, and metallurgical plants | Gjnaqas 2,067 "9 297 2,490 2,398 72.694 

were described. Cuba? 1,490 1,553 1,566 1,752 2,000 
Zambia Finan? “720 627 190 (7°) 7 

| Morocco? — — 224 253 7121 
Zambian production data for 1985-88 in | New Caledonia® 675 700 750 800 800 

tables 13 and 14 have been revised based | | O11 9 _ _ _ 
on information from Zambia Consolidated Souk Afin ROWE 690 690 700 70 730 
Copper Mines Ltd. (ZCCM) annual | ————"** “Pes "—— | 
reports. The data now represent production USS RO 2,700 2,800 2,800 2,850 2,850 
during the ZCCM fiscal year (fiscal year | 27° C(t 200 33,373 22,517 25,400 25,000 
1988 was from April 1, 1988 to March 30, | Zambia? 6,773 5,869 7,365 7,090 7,000 
1989). The content of concentrates in table | Zimbabwe® ” ‘92 "48 "88 "104 90 

13 is derived from reported cobalt content Total "47,374 "50,199 40,902 43,608 43,360 
of concentrates, when available, and cobalt | ‘Estimated. PPreliminary. Revised. 
content of ore milled and percentage of 1Table includes data available through May 30, 1990. Figures represent recoverable cobalt content of ores, concentrates, or intermediate 

products from copper, nickel, platinum, or zinc operations. Morocco was the only country where cobalt was mined as a primary product. 

cobalt recovery to concentrates, for plants 2In addition to the countries listed, Bulgaria, China, the German Democratic Republic, Indonesia, and Poland are known to produce ores 

not reporting content of concentrates. that contain cobalt,but information is inadequate for reliable estimates of output levels. Other copper, nickel, platinum, or zinc producing 

: nations may also produce ores containing cobalt as a byproduct component, but recovery is small or nil. 

These figures were formerly estimated Calculated from reported and estimated weight of nickeliferous ore. 

from metal production figures assuming a ‘Figures represent quantities of cobalt contained in intermediate metallurgical products (cobalt oxide and nickel-cobalt sulfide). Cobalt 

715 % recovery from concentrate to metal. | content of lateritic nickel ore, nickel concentrate, and zinc concentrate was as follows, in metric tons: 1985—3,036; 1986—2,914; 
: ‘1: 1987—2,715; 1988—2,775 (estimated); and 1989—2,375 (estimated). 

ZCCM closed its Chambishi cobalt sReported cobalt content of pelletized nickel-copper matte. 

refinery and its Nkana cobalt refinery 1M | ‘Figures represent total cobalt content of all products derived from ores of Canadian origin, including cobalt oxides shipped to the United 

Kitwe for a period during May and June Ry or further processing and nickel-copper-cobalt mattes shipped to Norway for further processing. 

: . . TRepo gure. 

for routine maintenance. As a result, cobalt ®Determined from reported nickel-cobalt content of granular and powder oxide, oxide sinter, and sulfide production. 

production for that quarter was down 20% | °Cobalt content of concentrates. 
* : Revised to zero. 

to 863 metric tons, as comp ared with 1,079 "Series represents estimated recovery from ores and intermediate metallurgical products exported from New Caledonia to France and 

metric tons produced during the same Japan. The estimated cobalt content of total ores mined is as follows, in metric tons: 1985—5,186 (revised); 1986—5,000; 1987—5,800; 

quarter in 1988.” Production of refined Year begin me Apr. lof that ted. Cobal f milled foll 1985—10,539; 1986—8,656 12Year beginning Apr. 1 of that stated. Cobalt content of ore mi was as follows, in metric tons: — 10,539; ,656; 

cobalt metal from January through | j9¢7_ 11,198, 1988—10,687; and 1989—10,000 (estimated). 
December 1989, as reported by the Mines | “Estimated cobalt content of ore. 
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TABLE 14 | abstracts on cobalt research, articles on 

COBALT: WORLD REFINERY PRODUCTION, selected cobalt uses, and annual and se- BY COUNTRY AND PRODUCT" miannual data on cobalt production by In- 
Stitute members in quarterly issues of 

(Metric tons cobalt content) Cobalt News. 

eee 
Country? 1985 1986 1987 1988? 198908 TT 

Albania: Oxide® _— ~ — “350 500 OUTLOOK 
Brazil: Metal _ _— — — 70 

oder, may Gnciude ride). "2.070 "2,233 2,505 2,335 32,123 | _ Future trends in cobalt consumption are Chinas Meal® ~=~=SOCS*~CS 270 270 270 270 279 | dependent on the performance of a variety 
Finland =— = — =—— | of industries. The largest single use of 

Metal (including metal powder) NA NA 497 229 292 | cobalt is in superalloys, which are used 
Salts NA NA 483 903 1,003 | primarily in aircraft turbine engines. 
Toa t—<“<‘i‘séSOSOSOC;™;™;””!”C#C*S «COT 71 348 ~ 980 "1,132 31,295 | Relatively high demand for cobalt in 

France: Chloride (solution) 124 158 136 176 1g9 | SUper alloys is expected to continue as a 
Japan: Metal (may include salts) 1,276 1,338 124 109 399 record backlog of orders for commercial Norway:Metal.—=—~CS~SOS 1,637 1574 1,576 1,951 31,946 aircraft is filled in the next 3 to 5 years. 
South Africa, Republic of:° — — — — — 

Metal (powder) : 200 200 200 200 LOD TS 
Sulfate 300 300 300 320 325 | BACKGROUND 

Total 500 500 “500 520 S25 fo 

U.S.S.R.: Unspecified® 4,800 5,300 5,300 5,300 5,300 Definitions, Grades, and Specifications 
Zaire: Metal 10,791 14,518 11,871 10,026 39,429 
Zambia: Metal4 4,565 4,160 4,694 4,871 4,500 Cobalt is a metallic element. It is silvery 
Zimbabwe: Metal (5) (3) (5) (5) _ | gray in color, hard, ductile, somewhat 

Total of which: 27,460 "31,399 = -.27,956 27,040 +~—=-26,237 | malleable, and magnetic. Other properties 
Metalé _ 20,809 «= -24,293 «21,737 + 19,991 —-18,929. | include atomic number, 27; atomic weight, 
 Salts6SSOSCSCS<72S ; St 424 458 919 1,749 2,008 | 28-93; melting point, 1,493° C; boiling 
Unspecified 6,227 6,648 5,300 5,300 5,300 point, 3,100° C; and Curie temperature, 

“Estimated. PPreliminary. "Revised. NA Not available. 1,121° C. Cobalt-60 (Co) is produced by 
"Table includes data available through May 30, 1990. Figures represent cobalt refined from ores, concentrates, or intermediate products irradiating cobalt metal in a nuclear r eac- 

nin addition to the vronties listed, Belgium, Gaochoslovetia, nd ane re dcal Republic of Germany may recover cobalt from imported tor. This radioactive isotop © 1S used in 
materials, but production is not reported and information is inadequate to make reliable estimates of production. radiation therapy and sterilization of 
*Reported figure. medical supplies. 

WRevised w vows, Materat previously lever under Zimbabwe in this table was a semifinished product that was shipped elsewhere (e.g. to Currently there are no internationally 
Norway) for refining. recognized specifications for cobalt metal. 
°Excludes Finland for 1985 and 1986; included with ‘‘Unspecified.”’ The two leading Western World producers, 

Gecamines and ZCCM, have recently pro- 
posed specifications for five grades of 
cobalt27 The U.S. Government has pur- 

electrowinning process uses feed material | processing catalysts were reported by the | Chase specifications for NDS cobalt. The 
currently produced on a large scale and | Bureau of Mines?5 Both the anhydrous | Current NDS specification, P-13-R6, pro- 
readily available industrial equipment. All | chlorination process and the caustic-acid | Vides physical and chemical requirements 
process streams are recycled or used for | leaching process appeared to be technical- | for three grades of refined cobalt metal. 
product recovery, minimizing the potential | ly feasible. Preliminary economic evalua- | Grades A and B must be in the form of | 
for environmental damage. tion favored the chlorination process. electrolytic cathode; grade C can be either 

The Bureau of Mines researched acon- | The Bureau published a study on the | Cathode or granules. Chemical re- 
tinuous flotation process to recover a bulk | separation and recovery of metals from | quirements specify the weight percentage, 
sulfide concentrate from Missouri lead ore | mixed, contaminated superalloy scrap2é | 10 order of abundance, of cobalt, nickel, 
tailings. It was estimated that up to 50% | The objective of the research was to max- | fon, and manganese, as well as maximum 
of the cobalt originally present in the ore | imize recovery of cobalt and nickel. Of the | levels of 26 impurities. 
reports to the tailings during processing for | many methods studied, oxygen pressure 
lead and other metals. Reprocessing of these | leaching of zinc-treated or atomized scrap | Products for Trade and Industry 
tailings produced a final concentrate con- | with hydrochloric acid was preferred. About 60% of the cobalt used in the 
taining more than 50% of the cobalt in less | Chlorine gas could be substituted for | United States is consumed as primary 
than 10% of the original tailings weight? | hydrochloric acid if processing zinc-treated | cobalt metal. This is either in the form of 

Results of a study comparing two meth- | scrap. cathode (electrolytic cobalt or flakes), 
| ods for recovering cobalt, molybdenum, The Cobalt Development Institute of | granules (shot), or metal powder. Secon- 

nickel, and tungsten from spent hydro- | Slough, United Kingdom, published dary cobalt metal, or scrap, constitutes 
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about 15% of U.S. consumption. Cobalt TABLE 15 

oxide (ab n de (about 7% of cobalt consumed) ca WORLD PRODUCERS OF REFINED COBALT’ 
be either gray oxide, with 75% to 78% 
cobalt content, or black oxide, with 70% | —— 

to 74% cobalt content. The percent cobalt Country Company Cobalt products 

content in the oxides depends on the | Albania Government-owned Oxide. 

relative amounts of cobalt(Moxide and | Brazil Companhia Niquel Tocantins Cathode. 

cobalt(dicobalt(M)tetroxide present. The | Canada Inco Ltd. Cathode, oxide. 

remainder of the cobalt used is in the form Sherritt Gordon Ltd. Metal powder. 

of cobalt chemical compounds. Commer- | China ————CGoveermmeentcowned NAR | 

cially available inorganic cobalt compounds | Finland Outokumpu Oy Metal powder, oxide, salts. 

include carbonate, chloride, hydroxide, | France Eramet-SLN Chloride. 

nitrate, and sulfate (either as heptohydrate Japan Sumitomo Metal Mining Co. Ltd. Cathode, oxide, salts. 

Or mononyume) 1 an of the fore but Norway Falconbridge Ltd. Cathode. 

om are al are nil ble crys | n © A ve u South Africa, Republic of Impala Platinum Ltd. Metal powder. 

some are sO available in solution. /4 varie- Rustenberg Base Metal Refiners Pty. Ltd. Sulfate. 

ty ° i. cobalt compounds are also U.S.S.R. Government-owned NA. 

avalladle. Zaire | La Generale des Carrieres et des Mines. | Cathode, granules. 

, Zambia Zambia Consolidated Copper Mines Ltd. Cathode. 

Industry Structure TT oe 
. . NA Not available. 

U.S. mine production of cobalt ceased at | ‘Companies with production during 1989. 

the end of 1971, and the sole U.S. cobalt | 

refinery discontinued processing imported | 

nickel-cobalt matte in late 1985. In 1989, TABLE 16 

Zaire was the world’s leading producer of WORLD PRODUCERS OF INTERMEDIATE COBALT PRODUCTS’ 
refined cobalt, followed by the U.S.S.R., 
Zambia, Canada, Norway, and Finland. }|§ —£-@-————————————————————— OOOO cantaining 

. : : Cobalt-containing 
These six countries represented more than Country Company 

. products 

90% of world cobalt refinery production. | 22 
Zairian and Zambian production was from Australia Queensland Nickel Pty. Ltd. Cobalt sulfide. 

d . The US.S.R d Canad Western Mining Corp. Nickel-cobalt sulfide. 

omestic cobal € U.S.5.N. all ana 4 Pacific Smelting and Mining Co. Ltd. Impure cobalt oxide. 

Pp roduced cobalt from both domestic and | Botswana BCL Ltd. Nickel-copper matte. 

imported raw materials. Cobalt was pro- | ——_—__—_—___——_____ se sesSC _™— ~~ Nickel-cobalt oxide 
duced in Norwav and Finland from im- Cuba Union de Empresas del Niquel Nickel-cobalt oxide, 

uce 4 A World Fi ' nickel-cobalt sulfide. 

ported raw materials. Wor!d pro uCceTS O Morocco Compagnie de Tifnout Tiranimine Cobalt concentrate. 

refined cobalt and producers of in- | ——W— {WH atincleNikel””~*ONickel matte. tCS~S 
. . New Caledonia Societe Metallurgique le Nickel Nickel matte. 

termediate cobalt-containing products are | Soh Aha h AR 
. : ou rica, 

listed in tables 15 and 16. Republic of Western Platinum Ltd. Nickel sulfate. 

Zimbabwe Bindura Nickel Corp. Ltd. Cobalt-nickel hydroxide. 

Byproducts and Coproducts Rio Tinto (Zimbabwe) Ltd. Do. 

Cobalt is rarely produced aS a primary 1Companies with production during 1989; excludes companies producing refined cobalt. | 

product from a mining operation. Most of | *Cbat may not be recovered. 
Western world cobalt supply is produced 
as a byproduct of copper production in 

Zaire and Zambia. With the exceptions of | and fume; cobalt carbonyl; and cobalt 

Morocco, where small amounts of cobalt | hydrocarbonyl. 

are produced as a primary product, and the 

Republic of South Africa, where cobalt is \Federal Register. Occupational Safety and Health Ad- The Cobalt Development Institute (Slough, United 

produced as a byproduct of the platinum | ministration. Air Contaminants, Final Rule. V. 54, No. 12, | Kingdom). Statistics & Statistical Review of 1989. Cobalt 

industry, cobalt production in most other Jan. 19, 1989, pp. 2329-2984. News. V. 2, Apr. 1990, Ppp. 11-12. 

tri . b duct f ickel 2 . Environmental Protection Agency. Nonferrous 6Metal Bulletin (London). Resolute to Develop Bulong Ni 

countries 18 a byproduct Of MICKE! | jjyeuis Manufacturing Point Source Category; Effluent | Mine. No. 7380, May 4, 1989, p. IL 
production. Limitations Guidelines, Pretreatment Standards and New 7Mining Journal (London). Temporary Respite at Selebi- 

Source Performance Standards; Proposed Regulation. V. 54, Phikwe. V. 314, No. 8066, Apr. 13, 1990, p. 307. 

Operating Factors No. 81, Apr. 28, 1989, pp. 18412-18436. 8Falconbridge Ltd. 1989 Annual Report. 28 pp. 

; . 3U.S. Code of Federal Regulations. Title 40—Protection °Work cited in footnote 5. 

Environmental Requir ements.—The En- | of the Environment; Chapter I—Environmental Protection 10Inco Ltd. 1989 Annual Report. 52 pp. 

vironmental Protection Agency regulates Agency; Subchapter N—Effluent Guidelines and Standards; 11Sherritt Gordon Ltd. 1989 Annual Report. 32 pp. 

releases of cobalt into the environment - Part 421—Nonferrous metals manufacturing point source 12Geddes Resources Ltd. 1989 Annual Report. 26 pp. 

under various programs. OSHA regulates | °®80r¥s MY } 198. HWork cited in footnote >. 
prog ° . § . 4Federal Register. The President. Proclamation 5923—To 14Outokumpu Oy. 1989 Annual Report, p. 11. 

workplace exposures by setting permissi- | implement the United States-Canada Free-Trade Agreement. | _ Metal Bulletin (London). Cobalt Steady as Cadmium, 

ble exposure limits for cobalt metal, dust, | V. 53, No. 242, Dec. 16, 1988, pp. 50638-50910. Bismuth Slide. No. 7488, June 7, 1990, p. 11. 
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16Work cited in footnote 5. 7 OTHER SOURCES OF INFORMATION 
17Work cited in footnote 8. 

'*Kielty, E. Cobalt—Discipline Assures Stability. Eng. and | Bureau of Mines Publications 

Min. J., v. 191, No. 3, Mar. 1990, pp. 31-33. 
19Prasad, M. S. Production of Copper and Cobalt at Mineral Commodity Summaries, annual. 

Gecamines, Zaire. Miner. Eng., v. 2, No. 4, 1989, pp. Mineral Facts and Problems, 1985 edition. 
521-541. Mineral Industry Surveys, monthly. 
20ZCCM Report for First Quarter 1989/90. Minerals Yearbook, annual. 

21U.S. Embassy, Lusaka, Zambia. State Dep. Telegram . . . 
59506, May 1990, p. 1. Reports of Investigation, Information 

22Hawkins, M. J. Cobalt. Presented at the Metals Week Circulars. 

Bulk Ferro Alloys Conference, Tucson, AZ, Oct. 26-27, 1989, Other Sources 

14 pp. . . . 
23Brooks, M. J., and I. T. R. Fleming. Modernization of | American Metal Market, daily. 

the Nchanga Flotation Plant: A Comparison of Flotation Cells Cobalt Development Institute (United 
and Columns. Min. Mag., v. 160, No. 7, 1989, pp. 34-39. Kingdom). Cobalt News, quarterly; 

24Cornell, W. L., and D. C. Holtgrefe. Continuous Flota- monographs. 

tion Testing to Recover a Bulk Sulfide Concentrate from Company annual reports to stockholders 

Missouri Lead Ore Tailings. BuMines RI 9265, 1989, 7 pp. 1p y P . : 

25Jong, B. W., S. C. Rhoads, A. M. Stubbs, and T. R. Engineering and Mining Journal, monthly. 
Stoelting. Recovery of Principal Metal Values from Waste Metal Bulletin (London), semiweekly and 
Hydroprocessing Catalysts. BuMines RI 9252, 1989, 27 pp. monthly. 

26 ; . Laverty, P. D., G. B. Atkinson, and D. P. Desmond. Metals Price Report (London), weekly, 

Separation and Recovery of Metals from Zinc-Treated Metals Week kl 

Superalloy Scrap. BuMines RI 9235, 1989, 16 pp. Clas WCEK, WEEKIY. 
?7Cobalt Specifications, a Producers View, presented by Mining Engineer ing, monthly. . . 

Crawford Masson, Cobalt Development Institute seminar in Mining Journal (London), monthly. 

Boston on Oct. 25, 1988. Available from The Cobalt Develop- Mining Magazine (London) monthly ; . 
ment Institute, 95 High Street, Slough, SL1 1DH, United Mining Annual Review (Lon don) annual 

Kingdom. j ; : ’ ° 
Roskill Information Services Ltd. (London). | 

The Economics of Cobalt, 6th edition, 1989. 
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By Larry D. Cunningham 

Mr. Cunningham, a physical scientist with 10 years of research and commodity experience with the Bureau of Mines, has 
served as the commodity specialist for columbium and tantalum since 1983. Domestic survey and trade data were prepared 
by Mss. Cheryl M. Jackson and Robin A. Johnson, mineral data assistants; and columbium and tantalum world production 
data, by country, were prepared by Mrs. Audrey D. Wilkes, international data coordinator. 

he United States remained de- | high-purity tantalum metal. The rec- | or indirectly defense-related because of 
pendent on imports of colum- | ommendations were based on the U.S. | their uses in the aerospace, communi- 
bium and tantalum materials, | Department of Defense findings con- | cations, energy, and transportation in- 
and the net trade deficit for | cerned with military requirements for | dustries. Thus, both metals are classi- 

these minerals was at the highest level | strategic and critical materials. Addi- | fied as strategic and are part of the 
since 1981. Most columbium price quo- | tionally, Defense’s planned targets of | NDS. 
tations rose slightly, whereas tantalum | opportunity for fiscal year 1990 in- The high degree of import reliance 
concentrate prices declined significantly. | cluded the purchase of 200,000 pounds | for columbium and tantalum is a prin- 

Overall reported consumption of | of tantalum oxide contained in tanta- | cipal strategic problem faced by the 
columbium in the form of ferrocolum- | lum minerals and 600,000 pounds of | United States. In the case of both 
bium and nickel columbium was down, | high-purity ferrocolumbium. columbium and tantalum, there has 
in line with a decline in steel production been no significant mining since the 
and a soft superalloy industry. The} ssi‘ Wh SCY «19505. Domestic columbium and tan- 
overall tantalum industry, which had | STRATEGIC talum resources are of low grade, some 

_| Showed signs of some improvement in CONSIDERATIONS mineralogically complex, and most are 
recent years, was also down. Factory | —————____—___________ | not currently commercially recover- 
sales of tantalum capacitors were at the able. To ensure a supply of columbium 
lowest level since 1986. However, much Many of the applications for colum- | and tantalum during an emergency, 
interest was being generated relating to | bium and tantalum are either directly | goals for both materials have been es- 
tantalum’s use in certain armor-pierc- : 
ing penetrator weapon systems. : 

Fansteel Inc., a pioneer in and a major TABLE 1 | 
domestic processor and producer of tan- SALIENT COLUMBIUM STATISTICS | | 
talum, announced the sale of certain 
inventory and equipment pertaining to (Thousand pounds of columbium content unless otherwise specified) 

its tantalum product lines. 

1985 1986 1987 1988 1989 

TT as oat «United States: 

LEGISLATION AND Mine production of columbium- 
GOVERNMENT PROGRAMS tantalum concentrates — — — — (') 

TO Releases from Government excesses — — — — _ 

Consumption of raw materials‘ 2,000 W W NA NA 

Under the offset concep t for the Production of ferrocolumbium W W W NA NA National Defense Stockpile (NDS), a 
57% of the goal for columbium con- ee emery products _ 

centrates and 37% of the goal for tan- nickel columbium' 5,968 4,995 5,179 5,876 5,409 talum minerals were met (table 3). The | ———_72"*— ee eee R rt to the Congress on NDS re- Exports: Columbium metal, compounds, 
Neport to the g alloys (gross weight)° 120 120 130 120 NA quirements, presented by the Secretary Imports for consumption, 

. : ports for consumption: 
of Defense in April 1989, recom- Mineral concentratese Od 290 1.320 2010 1-750 > 680 
mended that goals for the columbium Sera concentrates TA 1820 2,010 7502, 680 
group be increased by 7.67 million Soumbium metal and columbium- 

ds of recoverable columbium, that rearing alloys’ SU poun . . ? Ferrocolumbium * 4,699 3,432 4,016 4,238 5,316 stockpile columbium metal powder and ss as 
ferrocolumbium be upgraded to 42,000 Sd es xs TT AMA 

pounds and 200,000 pounds of high- | ‘iim concentrates 32,708 32,149 20,600 + "36,961 30,299 purity columbium metal, respectively, | ——————_J____="""_ sore and that sto ckpil e tantalum metal pow- A small unreported awaniny net rodueedh W Withheld to avoid disclosing company proprietary data. 

der be upgraded to 40,000 pounds of | 2 Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of reshipments. 
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TABLE 2 tablished for the NDS. However, inven- 

SALIENT TANTALUM STATISTICS tories for both materials are substan- 

tially under set goals. The United 
(Thousand pounds of tantalum content unless otherwise specified) States will continue to depend on for- 

| eign sources of supply, and present 

1985 1986 1987 1988 1989 | supply patterns are expected to con- 

United States: | tinue. Consequently, a degree of vul- 

Mine production of columbium- nerability exists. Most of the foreign 

tantalum concentrates — — — — (‘) | sources are not strategically located for 

Releases from Government excesses — =_ — — — | the United States, and some have ques- 

Consumption of raw materials‘ 1,100 WwW W NA NA | tionable stability. 

Exports: 

Tantalum ores and concentrates | TOO 

(gross weight)? 122 71 103 214 s | ISSUES 

Tantalum metal, compounds, : Oe 

alloys (gross weight) 369 392 413 487 347 

Tantalum and tantalum alloy At the start of the 1980’s, there were | . 

powder (gross weight) 143 160 193 278 211 | four major processors of columbium- | 

Imports for consumption: and tantalum-bearing source materials 

Mineral concentrates ° 230 280 220 ~~ ~—-400 1,100 | (feedstocks). One of the operations was 

Tantalum metal and tantalum- shut down in 1985, and another shut 

bearing alloys? 32 46 60 128 32 | down its processing operation at 

Tin slags° 4 W W W NA NA | yearend 1989. Of the remaining two 

World: Production ofcolumbium-  —S—=<C—s—=“‘<‘<C;C; ;OOS”*‘é‘ ‘iC companies, one is dedicated solely to 

tantalum concentrates ° 695 473 "605 783 328 | the processing of columbium materials, 

€Bstimated. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. whereas the other company processes 

14 small unreported quantity was produced. . both columbium and tantalum materi- 

2 Includes reexports. 1 
3 Exclusive of waste and scrap. als. The NDS goals and inventory for 

4 Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of reshipments. both columbium and tantalum are 

mostly for source materials. Thus, it is 
assumed that the United States would 

TABLE 3 have on hand in an emergency adequate 

‘COLUMBIUM AND TANTALUM MATERIALS IN GOVERNMENT he maten capacity for ced form. of 
INVENTORIES AS OF DECEMBER 31, 1989 the material to an upgraded form and 

quality required by the critical end 

| (Thousand pounds of columbium or tantalum content) — uses. However, the United States has 

become more reliant on the processing 

National Defense Stockpile inventory capability of foreign sources and the 

Material Stockpile “Stockpile. ~'Nonstockpile=—=SSsté=<C~S availability of intermediate products 

goals grade grade Total | from those sources. 

Columbium: 

Concentrates 5,600 1,150 869 12,019 TT 

Carbide powder 100 21 — 21 PRODUCTION 

Ferrocolumbium — 598 333 1931 

Metab _ _—_—______ _ 45 Unreported quantities of columbium- 

_ Toa CO __ 1,814 __ 1,202 _ 3,016 | and tantalum-bearing concentrates were 

Tantalum: produced and shipped from a mine 

Minerals 8,400 1,686 1,152 2,838 | and milling operation in Rockford, 

Carbide powder — 29 — 329 | AL. There were three processors 

Metal — 201 (‘) 3991 | of columbium- and tantalum-bearing 

Total () 1,916 1452 3,068 | source materials that were integrated 

| All surplus ferrocolumbium and columbium metal were used to offset columbium concentrates shortfall. Total offset was 1,148,000 from raw material processing to colum- 

P Oveval l ble basis, total 4,850,000 ds for th lumbi I d 7,160,000 ds for the t ] bum and tantalum end products, They 
metal rou, Ss, on a recoverable basis, total 4, ’ pounds ror the columdlum meta group an ’ ’ pounds for the tantalum were Cabot Corp. and Fansteel Inc. for 

3 All surplus tantalum carbide powder and tantalum metal were used to offset the tantalum minerals shortfall. Total offset was 271,000 columbium and tantalum processing, 

200 poun i and Shieldalloy Metallurgical Corp., 

Source: Defense Logistics Agency, Defense National Stockpile Center dedicated solely to columbium PFOCESS 
ing. NRC Inc. was a major producer of 

tantalum products, and Reading Alloys 

Inc. and Teledyne Wah Chang Albany 
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were major producers of high-purity | that portion used in the form of nickel | capacitors, networks, and hybrids.* . 
columbium products. Kennametal Inc. | columbium increased by about 10% to. An application that could imcrease | 
was the major producer of columbium | more than 400,000 pounds. future domestic tantalum demand is its | 
and tantalum carbides. Overall tantalum demand was down | use in advanced weapon systems. Be- 

In December, Fansteel, North Chi- | as reflected in the 29% decrease in | cause of its ductility, density, and phys- | 
cago, IL, reported the sale of certain | tantalum shipments reported by the | ical properties, tantalum was being | 
inventory and equipment pertaining to | Tantalum Producers Association, with | considered as a substitute for depleted | | 
its tantalum product lines to NRC, New- | shipments declining more than 50% | uranium, tungsten, and copper in cer- ! 

ton, MA. Fansteel also sold all of its | from the peak-year shipments of 1979. | tain armor-piercing penetrator systems. | ! 
majority stock interest in V_ Tech- | However, shipment data for tantalum | 
Fansteel Inc., a Japanese producer of | carbide in 1989 were not available. In- | esses ' 
tantalum capacitor powder, to Hermann | dustry sources attributed much of the | PRICES | 
C. Stark Berlin KG. Additionally, opera- | downturn in demand to a weak electron- | —,7}H-7}_+______———— 
tions at Fansteel’s columbium and tanta- | ics industry, a buildup in inventories by | | 
lum source material processing plant in | capacitor manufacturers, and the con- The Metals Week published price for | 
Muskogee, OK, were shut down. Fan- | tinuing improvements in the efficiency of | pyrochlore concentrates produced in | 
steel withdrew from the production of | tantalum capacitor powders. Canada, quoted since December 1985 ! 
tantalum products and elected to use its Factory sales of tantalum capacitors | at $2.60 per pound of contained colum- 
resources to remodel its specialty metals | declined by 20% to the lowest level | bium pentoxide (Cb,0O,), f.o.b. Can- 
business to serve markets that offer su- | since 1986, as reported by the Elec- | ada, for concentrates with a nominal 
perior growth opportunities.! tronic Industries Association. Weak de- | content of 57% to 62% Cb,0,;, was 

| mand for tantalum capacitor products | discontinued in February. In June, the 
aos} sin the automotive and computer com- | published price of regular-grade ferro- 
CONSUMPTION AND USES ponents markets contributed to the de- | columbium containing 63% to 68% 
TT SG ETTTCNWC | NIG, In April, the Black & Decker | columbium increased from $6.00 to 

Corp. acquired Emhart Corp., includ- | $6.58 per pound of contained colum- 
Overall reported consumption of co- | ing its subsidiary Mallory Capacitor | bium, f.o.b. shipping port, where it. 

lumbium as ferrocolumbium and nickel | Co. with its tantalum capacitor business. | remained through December. | 
columbium was down by 8% compared | However, Black & Decker reportedly will The Metals Week published price for — 
with that of 1988. Consumption of | dispose of several Emhart businesses, | high-purity ferrocolumbium containing © 

columbium by the steelmaking industry | including capacitor manufacturing.” | 62% to 68% columbium closed from a 
decreased by 7%, affected by a small | Sprague Technologies Inc., a major | range of $16.00 to $17.50 per pound of 
decrease in raw steel production. There | manufacturer of tantalum capacitors, | contained columbium, f.o.b. shipping | 
was also a slight decrease in the per- | initiated a restructuring plan. This in- | point, to $17.50 in April, where it 
centage of columbium usage per ton of | cluded the company’s decision to exit | remained through December. The pub- > 
steel produced. Demand for colum- | certain unprofitable product lines and to | lished spot price for columbite ore rose | 
bium in superalloys was down by 14% | concentrate on its passive component | from a range of $2.00 to $2.50 per 
to the lowest level since 1982. However, | businesses of tantalum and aluminum | pound of contained Cb,O, and tanta- 

TABLE 4 | 
| 

MAJOR DOMESTIC COLUMBIUM AND TANTALUM PROCESSING AND PRODUCING COMPANIES IN 1989 

| 

Products! ! 

Company Plant location Metal? Carbide an yen ts ve 

Cb ~~ Ta Cb Ta Cb Ta NiCb 

Cabot Corp. Boyertown, PA X xX — — xX Xx — | 

Do. Revere, PA — — — — — — x 

Fansteel Inc. ? Muskogee, OK x 4 — — X xX —_— 

Do.? North Chicago, IL — X — — — — = 

Kennametal Inc. Latrobe, PA — — xX X — — —_— | 

NRC Inc.* Newton, MA xX X — — — — — . 

Reading Alloys Inc. Robesonia, PA — — — — — — xX 

Shieldalloy Metallurgical Corp. Newfield, NJ — — — — — — x 

Teledyne Inc.: Teledyne Wah Chang Albany Div. Albany, OR Xx — — — x — x 

'Cb, columbium; Ta, tantalum; FeCb, ferrocolumbium; NiCb, nickel columbium. 

2 Includes miscellaneous alloys. ; 
3 Certain of the company’s tantalum inventory and equipment were sold to NRC Inc. in Dec. 1989. : 

* Jointly owned by Bayer U.S.A. Inc..and Hermann C. Starck Berlin KG. : 
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| TABLE 5 TABLE 6 table 10. 

| REPORTED SHIPMENTS OF CONSUMPTION, BY END USE, Net trade for columbium and tanta- 
COLUMBIUM AND TANTALUM AND INDUSTRY STOCKS OF lum continued at a deficit and was at the 

MATERIALS FERROCOLUMBIUM AND highest level since 1981. Overall trade 

(Pounds of metal content) NICKEL COLUMBIUM IN THE volume and value for imports were up 

UNITED STATES more than 40% and 60%, respectively. 

Mata awa | Pounds of contained cotumbium) | ecentrates rose by more than 
Columbium products: —$_____—_— —- | 30% to the highest level since 1980. 

Compounds, including a 8B *1989_ | Imports were estimated to contain 2 
ee _—___ 995,880 993,575 | == ENDUSE million pounds of columbium and a 
eta’, Including Steel: small quantity of tantalum at an aver- 

__worked products 418,700 465,800 | “Carbon 2,000,855 1,799,218 | age grade of approximately 58% Cb,0, 
Other OO Stainless and heat- and less than 1% Ta,O.. 
_ Total 1,414,580 1,459,375 resisting 909,173 885,486 Imports for consumption of tanta- 
Tantalum products: Full alloy (’) (?) | lum mineral concentrates increased 

Oxides and salts 16,640 7,260 High-strength, | substantially. Imports were estimated 
Alloy additive 76,910 77,890 low-alloy 1,995,702 1,823,685 | to contain 1.1 million pounds of tanta- 
Carbide "NA NA Electric — — | lum and 680,000 pounds of columbium 

Powder and anodes 706,190 448,400 | _ Tool () (?) | at an average grade of approximately 
~ Ingot (unworked Unspecified 27,376 64,959 | 35% Ta,O, and 25% Cb,0s.. 

consolidated metal) 2,300 1,000 Total 4,933,106 4,573,348 Imports for consumption of synthetic 
Mill products 345,100 275,200 Superalloys” 917,716 793,039 tantalum-columbium concentrates con- 
Scrap 5,300 10,200 | Alloys (excluding alloy _ tinued to decline: 170,000 pounds valued 

Other © __ __ steels and superalloys) (*) (*) at $2.2 million compared with 263,000 

| “Total” 42,152,440 819,950 | Miscellaneous and pounds valued at $1.5 million in 1988. 
Raed NANoaab  ——~*4Y:s" Unspecified 24,778 42,967 These figures are not included in the 

‘Included with “Compounds, including alloys.” Total consumption 5,875,600 5,409,354 salient statistics data. 

Source: Tantalum Producers Association. STOCKS 

| Dec. 31: a 

Consumer NA NA | WORLD REVIEW 

lum pentoxide (Ta,O;), c.i.f. U.S. Producer? NA NA 
ports, to a range of $3.00 to $3.50 in Total stocks°® NA NA | Industry Structure 
July, where it remained through De- | ‘Estimated. NA Not available. Brazil and Canada were the major 
cember. At yearend, the price for nickel “includes columbium and tantalum in ferrotantalum-columbium, | producers of columbium raw materials 
columbium had closed from a range of | 2yncuded with “Steel: High-strength, low-alloy.” feedstock, while tantalum raw materi- 
$17.50 to $19.50 per pound of con- | * Included with “Steel: Unspecified.” als were produced mainly in Australia, 
tained columbium to $19.50, the pub- _ included wilh Miscellaneous and unspecitied." Brazil, Canada, and in Thailand in the 

° e . e errocolumodlum only. . . 

lished price for columbium oxide was form of high-grade tantalum-bearing 
$7.64 per pound of oxide, and the tin slags. Synthetic concentrates, pro- 
published price for columbium metal duced from low-grade tin slags, from 
was at a range of $30 to $50. ing Corp. of Canada Ltd. (TANCO), | the Federal Republic of Germany were 

The Metals Week published spot | was not available. Tantalum capacitor- | an additional source of columbium and 
price for tantalite ore, on the basis of | grade powder was reportedly selling in | tantalum raw material supply. Principal 
60% combined Cb,O, and Ta,O,, c.i.f. | the range of $120 to $130 per pound, and | world raw material and product pro- 
U.S. ports, began the year at $49 to $51 | tantalum carbide was reportedly selling | ducers are shown in tables 11 and 12, 

per pound, fell to $35.00 to $37.50 by | at around $80 per pound. respectively. 
midyear, and continued to fall to finish 
the year at $26 to $28. The Metal; __—s—————— CC CC—C—C‘CSSCSCSCdY:s«Cazpaacctty 
Bulletin published price for tantalite | FOREIGN TRADE The data in table 13 are rated capac- 
fell progressively from $47 to $52 per | —————-——————— | ity for mines and mills as of December 
pound of contained Ta,O, to $29 to 31, 1989. Rated capacity is defined as 

$35 by yearend. The Metal Bulletin On January 1, the United States | the maximum quantity of product that 
published price for tantalite produced | adopted the tariff schedules nomencla- | can be produced in a period of time on 
by Greenbushes Ltd. of Australia, on | ture of the internationally established | a normally sustainable long-term oper- 
the basis of 40% contained Ta,O;, rose | Harmonized System, as required by the | ating rate, based on the physical equip- 
from $47.50 per pound to $50 in Febru- | Omnibus Trade and Competitiveness | ment of the plant, and given acceptable 
ary, where it remained through Decem- | Act of 1988 (Public Law 100-418). The | routine operating procedures involving 
ber. A published price for tantalite from | new nomenclature, TSUS codes, and | labor, energy, materials, and mainte- 
the Canadian producer, Tantalum Min- | rates of duty for 1989 are shown in | nance. Capacity includes both operat- 
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TABLE 7 

U.S. FOREIGN TRADE IN COLUMBIUM AND TANTALUM METAL AND ALLOYS, BY CLASS 

(Thousand pounds, gross weight, and thousand dollars) 

1988 1989 Principal destinations 
Class ee 

Quantity Value Quantity Value and sources, 1989 

EXPORTS! | 

Tantalum: | 

Unwrought and waste and scrap 328 5,260 167 3,412 West Germany 10, $1,831; United Kingdom 11, $605; 

Canada 10, $385; Japan 4, $315. 

Unwrought powders 278 23,758 211 21,451 West Germany 69, $6,581; United Kingdom 36, $4,237; 

France 36, $4,188; Japan 47, $3,820; Spain 14, $1,684. 

Unwrought alloys and metal NA NA 11 1,099 West Germany 3, $351; Netherlands 2, $183; Austria (°), 

$164; Canada 2, $150; Japan 1, $91. 

Wrought 159 20,076 180 21,715 Japan 56, $8,203; West Germany 23, $4,005; United 

Kingdom 51, $3,328; France 17, $2,126. 

Total XX 49,094 XX 47,677 West Germany $12,800; Japan $12,400; United Kingdom 

$8,200; France $6,400. + 

IMPORTS FOR CONSUMPTION 

Columbium: | 

Oxide> © 1,200 *6,000 1,454 9,470 Brazil 1,061, $6,279; West Germany 393, $3,191. 

Ferrocolumbium £6,520 °°22,424 8,178 28,657 Brazil 8,178, $28,654; Japan (°), $3. 

_ _Unwrought alloys, metal, and powders” NA NA 26 514 Brazil 24, $485; Austria 2, $15; West Germany (°), $12; 

: | United Kingdom (°), $2. 
Unwrought metal and waste and scrap 11 154 (’) YY — 

Unwrought alloys 30 199 (°) ey — 

Wrought 2 108 (’) QO - 
Tantalum: 

Unwrought waste and scrap 309 10,341 159 7,142 West Germany 87, $5,190; Taiwan 15, $651; France 6, $304; 

Sweden 5, $272; United Kingdom 10, $265. 

Unwrought powders” NA NA 45 2,880 West Germany 16, $1,434; Japan 10, $591; Australia 10, 

$515; Canada 7, $202. 

Unwrought alloys and metal? NA NA 35 1,573 Australia 21, $1,017; West Germany 5, $389; Brazil 9, $119. 

Unwrought metal 121 7,028 ) ? —- 

~ Unwrought alloys 3 168 (?) ? — 

Wrought 5 485 2 431 | West Germany 1, $261; Canada 1, $120; Austria (*), $20; 
ee China (*), $12. 

Total xX 46,907 XX 50,667 Brazil $35,500; West Germany $10,500; Australia $1,500.* 

“Estimated. NA Not available. XX Not applicable. 

'For columbium, data on exports of metal and alloys in unwrought and wrought form, including waste and scrap, are not available; included in nonspecific tariff classifications. 

2 New tariff category effective Jan. 1, 1989. 

3 Less than 1/2 unit. 

4 Rounded. 

> New tariff category effective July 1, 1988. 

© Brazil only. 

7 Data not available, included in nonspecific tariff classification effective Jan. 1, 1989. 

8 Included in “Columbium: Unwrought alloys, metal, and powders” effective Jan. 1, 1989. 

9 Included in “Tantalum: Unwrought alloys and metal” effective Jan. 1, 1989. 

Sources: Bureau of the Census and Bureau of Mines. 
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ing plants and plants temporarily TABLE 8 

closed that, in the judgement of the U.S. IMPORTS FOR CONSUMPTION OF COLUMBIUM MINERAL 
author, can be brought into production CONCENTRATES, BY COUNTRY 
within a short period of time with | 
minimum capital expenditure. Mine ca- (Thousand pounds and thousand dollars) 

pacity for columbium and tantalum is) 
based on published reports, maximum 1988 1989 
production statistics, and estimates Country Gross Value Gross val 

. . . . . : : ue 
where capacity information is either weight weight 
incomplete or unavailable. Brazil 5 14 12 281 

Canada . 3,665 7,200 45879 7,368 
Australia HongKong§ tt sts—(<is—sS 53 347 — — 

For its fiscal year, Greenbushes re-| oat © 3,723 7,561 4,891 7,649 
ported that the company’s production Of | Tpisumably country of transshipment rather than original source. 

tantalite fell short of budget by approxl- Sources: Bureau of the Census and Bureau of Mines. 

mately 30,000 pounds of Ta,O, content 
with unit cost of production higher than 
anticipated. Treated ore increased more 
than 30% to 2.4 million tons, with tan- 
talum oxide produced in tantalite con- 
centrates increasing to 269,100 pounds. 
The chemical plant, which operated on a 

one shift basis, produced 32,700 pounds 
of Ta,O, and 11,800 pounds of Cb,O,. TABLE 9 

Tantalum oxide contained in tantalum U.S. IMPORTS FOR CONSUMPTION OF TANTALUM MINERAL 
glass (slag) production rose by 70% to CONCENTRATES, BY COUNTRY 
82,600 pounds. Greenbushes’ tailings re- 
treatment plant was recommissioned, (Thousand pounds and thousand dollars) 

and this operation produced 67,900 
pounds of Ta,O, contained in tantalite. 1988 1989 

Centamin Ltd., a Perth-based gold Country Gross Vv. Gross 
. . . alue . Value 

producer, reportedly will restart tin and weight weight 
tantalum production at its Moolyella | Australia 34 439 118 2,322 

deposit in the Pilbara region of Western | Austria! | — — | 1 62 
Australia in early 1990. The deposit, | Belgium-Luxembourg! _ _— 244 3,036 

which was purchased from Endeavour | golivia tt ( ti(‘i‘i‘iC;SCS~S™S _ _— 3 75 
Resources Ltd., had been placed on | Batstéi‘(i‘é;;(;(‘( ‘éC;!O!;!;~!~; 169 1,829 244 2,873 
care and maintenance in recent years. | Gouadasssti(‘;St*é‘s=tCStt”!”!”!tS! 36 455 154 2.429 
Known reserves reportedly will permit | — 72? 

‘ China 133 1,483 — — 
the production of more than 600 tons | —WHW!_—_—Y______ 
of tin and more than 60 tons of tanta- | Germany Federal Republic of 86 1,190 2,085 26,918 
lum in concentrates per year for up to 5 Hong Konge 304 3,603 1 1,279 
years. Japan! — — 120 1,796 

The Pan West tantalum project in Netherlands’ 140 936 491 7,417 

Pilbara, Western Australia, jointly | Singapore’ — — 52 747 

owned by Pancontinental Mining Ltd. | Thailand 255 3,425 118 2,073 

and Goldrim Mining Australia Ltd., | United Kingdom! 199 1,113 29 566 
was nearing startup. When fully opera- | zie . © 54 555 112 1,124 
Honal, the wodeina mine . expected tO | Zimbabwe” _ _ 2 43 
ave a production capacity of about | —>~30OY.‘—_ Wa Tenn Deen 7469 

200,000 pounds of contained Ta,O, in — Tora _—_____ AB 
. Presumably country of transshipment rather than original source. 

concentrate annually. Pancontinental * Data may not add to totals shown because of independent rounding. 

was reported to have discover ed a tan- Sources: Bureau of the Census and Bureau of Mines. 

talum deposit at Mount Farmer in the 
Murchison region of Western Austra- 
lia. The initial find was estimated to 
contain minable ore resources of more 
than 15,000 tons with an average grade 
of about 0.29% Ta,O,. Further explo- 
ration at the site was planned. Addi- 

tionally, drill testing at Caitlin Creek | 

322 COLUMBIUM (NIOBIUM) AND TANTALUM MINERALS YEARBOOK—1989



a 

TABLE 10 | 

U.S. IMPORT DUTIES ON COLUMBIUM AND TANTALUM MATERIALS 

Item HTSUS No. Rate of duty effective Jan. 1, 1989 

Most favored nation (MFN) Non-MFN 

Synthetic tantalum-columbium concentrates 2615.90.3000 Free 30.0% ad valorem 

Columbium ores and concentrates 2615.90.6030 Free Free . 

Tantalum ores and concentrates | 2615.90.6060 Free Free 

Columbium oxide 2825.90. 1500 3.7% ad valorem ! 2 3 25.0% ad valorem 

Potassium fluotantalate 2826.90.00004 3.1% ad valorem! ° Do. 

Ferrocolumbium 7202.93.0000 5.0% ad valorem®’ 25.0% ad valorem 

Unwrought tantalum waste and scrap 8103.10.3000 Free Free 

Unwrought tantalum powders 8103.10.6030 3.7% ad valorem ! > 25.0% ad valorem 

Unwrought tantalum alloys and metal 8103.10.6090 do. Do. - 

Wrought tantalum 8103.90.0000 5.5% ad valorem! ® 45.0% ad valorem 

Unwrought columbium waste and scrap 8112.91.05004 Free Free 

Unwrought columbium alloys, metal, and powders 8112.91.4000 4.9% ad valorem ® ? 25.0% ad valorem 

Wrought columbium 8112.99.00004 5.5% ad valorem! ® 45.0% ad valorem |’ 

' Free from certain beneficiary countries under the Generalized System of Preferences (GSP), from beneficiary countries under the Caribbean Basin Economic Recovery Act (CBERA), and for products of 

2 Not duty free for Brazil. . . 

32.9% ad valorem for products of Canada. 

4 Nonspecific tariff classification. 

52.4% ad valorem for products of Canada. 

© Free from beneficiary countries under the CBERA and for products of Israel. 

74% ad valorem for products of Canada. 

84.4% ad valorem for products of Canada. , 

93.9% ad valorem for products of Canada. 

near Ravensthorpe, Western Australia, 
confirmed ore resources containing : 

about 275,000. pounds of Ta,O,. Pan- TABLE 11 | 

lovest in this eeolonaton project. m PRINCIPAL WORLD COLUMBIUM AND TANTALUM 
RAW MATERIAL PRODUCERS 

Brazil | 

Cia. Brasileira de Metalurgia e Country Company/mine Material type 
Mineragao (CBMM) reportedly com- MINING OF COLUMBIUM- AND TANTALUM-BEARING ORES 

pleted construction of a 40-ton-per- | Australia Greenbushes Ltd. Columbium/tantalum. 

year columbium metal plant at its | Brazil Cia. Brasileira de Metalurgia e Mineracdo 
Araxa complex in Minas Gerais State. (CBMM). (Araxa). Columbium. 

CBMM had been producing colum- Cia. de Estanho Minas Brasil (MIBRA). ! Columbium/tantalum. 

bium metal on an experimental basis in Paranapanema S.A. Mineracao Industria | 
a venture with the State-owned Funda- e Construcdo. (Pitinga). Do. 

cao de Tecnologia Industrial at Lorena, Mineracao Cataldo de Goias S.A. (Cataldo). Columbium. 

Sao Paulo State. Canada Cambior/Teck Corp. (Niobec) Do. 

Paranapanema S.A. Mineracao In- Tantalum Mining Corp. of Canada (Tanco). Tantalum. 

dustria e Construcao, Brazil’s largest China Government-owned Columbium/tantalum. 
tin producer, was nearing completion USSR... 4+do 0 Bg 

of a plant at its Pitinga tin property in PRODUCTION OF COLUMBIUM- AND TANTALUM-BEARING TIN SLAGS 
the Amazonas State to produce | —————————————— rrr 
columbium- and tantalum-bearing con- | “ustmalia__————Greenbushes Ltd 
centrates. When construction is com- | Brazil. Industrial Fluminense.t 
pleted, the concentrates produced at | Malaysia Malaysia Smelting Corp. Sdn. Bhd. 

the plant will be shipped to Paranapa- | Thailand Thailand Smelting and Refining Co. Ltd. (Thaisarco). 

nema’s processing plant in Sao Paulo PRODUCTION OF COLUMBIUM- AND TANTALUM-BEARING 

State for conversion to columbium and | _————C—‘C;sC—C—CSCSSSSCOC SYNTHETICCCONCCENRATESS 
tantalum oxides. Planned annual pro- | Germany, Federal Gesellschaft Fir Elektrometallurgie MBH (GFE). ' 

duction at the processing plant report- Republic of Hermann C. Starck Berlin KG. 

edly will be about y) million pounds and ' A wholly owned subsidiary of Metallurg Inc., New York. 
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TABLE 12 

PRINCIPAL WORLD PRODUCERS OF COLUMBIUM AND TANTALUM PRODUCTS 

Country Company Products! 

Australia Greenbushes Ltd. Cb and Ta oxide/carbide. | | 

Austria Treibacher Chemische Werke AG Cb and Ta oxide/carbide, FeCb, NiCb. 

| Brazil Cia. Brasileira de Metalurgia e Mineracao (CBMM). Cb oxide/metal, FeCb, NiCb. 

Cia. Industrial Fluminense.” Cb and Ta oxide. 

Mineracao Cataldo de Goias S.A. (Cataldo). FeCb. 

Germany, Federal Republic of Gesellschaft Fur Cb and Ta oxide/metal, K-salt, FeCb, NiCb, Ta 
Elektrometallurgie MBH (GFE).” capacitor powder. 

Hermann C. Starck Berlin KG Cb and Ta oxide/metal/carbide, K-salt, FeCb, NiCb, 
Ta capacitor powder. 

Japan Awamura Metal Industry Co. Ltd. FeCb. 

Japan Metals & Chemicals Co. Ltd. FeCb. 

Mitsui Mining and Smelting Co. Cb and Ta oxide/metal/carbide. 

Showa Cabot Supermetals Ta capacitor powder. 

Taiyo Mining & Industrial Co. Ltd. FeCb. 

V Tech-Fansteel Inc.? Ta capacitor powder. 

United Kingdom London & Scandinavian Metallurgical Co. Ltd.” Cb and Ta carbide. 

United States Cabot Corp. Cb and Ta oxide/metal, K-salt, FeCb, NiCb, 

. Ta capacitor powder. 

Fansteel Inc.* Cb and Ta oxide/metal, K-salt, Ta capacitor powder. 

Kennametal Inc. Cb and Ta carbide. 

NRC Inc.? | Cb and Ta metal, Ta capacitor powder. 

Reading Alloys Inc. FeCb, NiCb. 

Shieldalloy Metallurgical Corp.” Do. 

Teledyne Wah Chang Albany Div. Cb oxide/metal, FeCb, NiCb. 

' Cb, columbium; Ta, tantalum; FeCb, ferrocolumbium; NiCb, nickel columbium; K-salt, potassium fluotantalate; oxide, pentoxide. 

2A wholly owned subsidiary of Metallurg Inc., New York. 

3 Fansteel Inc. sold its majority stock interest in the company to Hermann C. Starck Berlin KG in Dec. 1989. 

4 Certain of the company’s tantalum inventory and equipment were sold to NRC Inc. in Dec. 1989. 

5 Jointly owned by Bayer U.S.A. Inc. and Hermann C. Starck Berlin KG. 

200,000 pounds of columbium and tan- | was created to take advantage of Gov- | from the 3,704 tons reported in 1988. 
talum oxides, respectively. ernment funding that encourages devel- | The bulk of the imports came from 

opment of domestic tin deposits by | Brazil. 

Canada Madhya Pradesh State Mining Corp. 
As reported by Teck Corp. and Cam- | Ltd. (MPSM). MPSM’s production of | Thailand 

bior Inc., production of Cb,O, at the | tin concentrates had been minimal be- Renovations of the Thai Pioneer Co. 
Niobec Mine at St. Honoré, Quebec, a | cause the Government had decided that | Ltd. tin smelter reportedly were nearing 
50-50 joint venture, was a record 7.7 | the slags and tin concentrates are stra- | completion with startup of tin produc- 
million pounds, attributable to addi- | tegic materials to be stockpiled and not | tion anticipated by yearend. The 4,000- 
tional tonnages milled and a better | sold or exported. Tin slags produced by | metric-ton-per-year smelter, closed since 
recovery. Ore milled was 883,000 tons, | the smelter have a combined colum- | midyear 1982 because of a lack of feed 
as the mill operated on the average of | bium and tantalum oxide content of | material and financial difficulties, also 
2,418 tons of ore per day. Average | 30%. In 1986, MPSM had planned to | produced tantalum-bearing tin slags. 
recovery was 61% with Cb,O, grade of | build a tantalum treatment plant, but | The new tin concentrate supply was ex- 
concentrate at 71%. Yearend ore re- | the plan was canceled because of pre- | pected to be secured from tin mine oper- 
serves were virtually unchanged at | vailing low tantalum prices. ations in central and northern Thailand. 

about 12 million tons assaying 0.65% 
Cb,0.. Japan 

Production of ferrocolumbium rose 

India to 812 tons from the 715 tons produced OUTLOOK 
Sartin, a subsidiary of Saru Smelting | in 1988. Columbium ore imported for . 

of Delhi, commissioned India’s first tin | ferrocolumbium production fell to | Columbium 
smelter near Cuttack in the Orissa | about 900 tons, with Canada providing Columbium is used principally as an 
State, with plans to provide 10% of the | more than 90% of the total. Ferro- | additive in steelmaking, which has ac- 
country’s tin needs. Sartin reportedly | columbium imports rose to 3,957 tons | counted for about 80% of the re- 
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TABLE 13 the demand for columbium-containing | Definitions, Grades, and 
WORLD COLUMBIUM AND superalloys from the aircraft industry, | Specifications 

TANTALUM ANNUAL which has an up and down cyclical his- Columbium pentoxide (oxide) is a 
PRODUCTION CAPACITY, tory. The major components of US. | stable, white- to buff-colored com- 

DECEMBER 31, 1989 supply-demand relationships for colum- | pound that is produced in metallurgi- 
bium in 1979-89 are given in table 15. cal, ceramic, and optical grades. Purity 

(Thousand pounds of columbium of oxide generally exceeds 99%. 
or tantalum content) American Society for Testing and Ma-. 

i ___.— Tantalum terials (ASTM) Specification A550 cov- 
Country ___Rated capacity" During the 1980’s, more than 60% | ers three grades of ferrocolumbium, des- 

Columbium _Tantalum ,; of the tantalum consumed in the | ignated as low-alloy steel grade, alloy and 
North America: United States was used to produce elec- | stainless steel grade, and high-purity 

Canada 5,000 200 tronic components, mainly tantalum | grade. For all grades, the composition is 
United States _ _ capacitors, with major markets in re- | approximately 65% columbium, with 
‘Total =Sté<‘—«é~é‘“S:«ONDSC*té‘(‘éON.«#C|:«CCOON: Yeas being COMputer and commu- | the balance iron; principal impurities are 

South America: nication systems. However, overall tan- | aluminum, silicon, and tantalum. Nickel 
Brazil 40,000 400 talum demand growth in this sector has | columbium, the other main columbium 
Africa: | — «=== | been slowed because of the industry’s | additive, typically contains 63% colum- 
Nigeria 400 100 continued emphasis on higher capaci- bium, with the balance being nickel. 
Zaire 100 100 tance powders and the miniaturization | Aluminum, iron, silicon, and tantalum 

——_ of electronic components resulting in | are the principal impurities. Columbium 
Other 200 200 . oe a ° . 
er less tantalum used per unit. A similar carbide is available as a powder contain- 
a  -) | Situation exists for tantalum in ce- | ing about 87% columbium and the bal- 
Asia mented carbide use. Tantalum demand | ance as carbon. 
_ Malaysia 200 200 | in this market has been affected by the Columbium metal is available in vir- 

Thailand 600 800 growing use of mixed carbides, coated | tually any form and shape. Purity of 
Total 800 1,000 cutting tools, improved tool life, and | unalloyed metal is usually more than 

Oceania: Australia 200 300 the down-sizing of components. Addi- | 99%, with attention mainly given to 
World total | tionally, the demand and price for tan- | iron, tantalum, and zirconium as me- 
(may be talum has had a cyclical and somewhat | tallic impurities and carbon, oxygen, 
rounded) * 47,000 2,300 | volatile history. Thus, the future | nitrogen, and hydrogen as interstitial 

includes capacity at operating facilities as well as facilities on | growth for tantalum will depend not | impurities. Alloys with hafnium, tanta- 
2 Includes estimated byproduct recovery as tin slag. only on the fortunes of the electronic | lum, tungsten, titanium, and zirconium 
3 Excludes centrally planned economies. and carbide industries but also on tan- | are of most commercial importance. 

talum’s price stability. The major com- | Chemical and physical standards for 
ponents of U.S. supply-demand rela- | columbium and columbium alloy mill 
tionships for tantalum in 1979-89 are | shapes are given in ASTM Specifica- 
given in table 16. tions B391-B394, B652, and B654—- 

B655. 

ported consumption in the United | = ———————(—C‘;S™C~C~—“SCTCSYs«éPPodu ics for Trade and Industry 
States in recent years. No significant | BACKGROUND— Columbium, in the form of ferro- 
change to this trend is expected in the COLUMBIUM columbium, is used worldwide, princi- 
near term for there are few other | 2 | pally as an additive to improve the 
growth outlets for the use of colum- strength and corrosion resistance of 
bium. Thus, future columbium de- Columbium and niobium are synon- | steels. These high-strength and corro- 
mand growth will continue to be di- | ymous names for the chemical element | sion resistant steels are used in applica- 
rectly related to the worldwide | with the atomic number 41; columbium | tions such as high-strength linepipe, 
performance of the steel industry. A | was the first name given, and niobium | structural members, lighter weight 
boost for columbium consumption in | was the name officially designated by | components in cars and trucks, and 
steelmaking could be the drastic esca- | the International Union of Pure and | exhaust manifolds. Additionally, ap- 
lation in price in recent years for com- | Applied Chemistry in 1950. The metal | preciable amounts of columbium in the 
peting ferroalloys of titanium and va- | conducts heat and electricity relatively | form of high-purity ferrocolumbium 
nadium. Some _— steel companies | well, has a high melting point (2,480° | and nickel columbium are used in 
reportedly have initiated projects for | C), is readily fabricated, and is highly | nickel-, cobalt-, and iron-base superal- 
the substitution of columbium for tita-.| resistant to many chemical environ- | loys for applications such as jet engine 
nium and vanadium in steelmaking. | ments. Columbium has the special | components, rocket subassemblies, and 

Domestic columbium consumption in | property of exhibiting superconductiv- | heat-resisting and combustion equip- 
the production of superalloys is cur- | ity, which is the virtual loss of electrical | ment. Columbium-base alloys are also 
rently around 15%. Future growth for | resistance at very low temperatures | used in aerospace applications such as 
this end use will be affected mainly by | (about 9° K). rocket nozzles. Columbium carbide 1s 
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TABLE 14 

COLUMBIUM AND TANTALUM: WORLD PRODUCTION OF MINERAL CONCENTRATES, BY COUNTRY ' 

(Thousand pounds) | 

5 Gross weight? Columbium content‘ ¢ Tantalum content‘ ¢ 

Country 1985 1986 1987 1988? 1989° 1985 1986 1987 1988 1989 1985 1986 1987 1988 1989 
Australia: Columbite- 
tantalite 242 309 351 498. 51,224 50 64 60 70 141 85 109 115 164 263 

Brazil: 

Columbite-tantalite 589 604 983 1,371 939 135 139 226 315 216 170 175 285 398 272 

Pyrochlore 64,816 63,354 37,657 74,390 57,924 27,223 26,610 15,816 31,244 24,328 — — — — — 

Canada: * 

Pyrochlore 10,900 11,500 9,490 ‘11,530 12,000 4,900 5,160 4,270 5,190 5,400 — — — — — 

Tantalite — — — 200 650 — — — 8 20 — — — °60 °*160 

Malaysia: Columbite- 
tantalite . 168 474 503 — — 25 71 75 — — 12 33 35. — — 

Mozambique: | 

Microlite . 14 © 13 — — — NA NA — — — 7 7 — — — 

Tantalite 9 “9 — — — NA NA — — — 3 3 — — — 

Namibia: Tantalite 7 18 30 33 31 3 3 3 3 2 ] 3 5 5 5 

Nigeria: : 

Columbite 223 29 106 110 110 90 12 45 46 46 13 2 6 6 6 

Tantalite = = | °2 — _ ~ & _~ - _ rs 
Portugal: Tantalite 4 13 — — — 1 3 — — — ] 4 — — — 

Rwanda: Columbite-tantalite 61 — — — — 18 — — _—-_ — 13. — — — — 

South Africa, Republic of: 

Columbite-tantalite (°) — (°) (°) (°) (°) —. (°) (°) Oo oO - } ©} (°) 

Spain: Tantalite 40 © 26 ©22 24 24 NA NA NA NA NA °10 7 6 6 6 

Thailand: Columbite-tantalite 952 267 403 273 5240 162 46 69 46 41 257 73 109 74 65 

Zaire: Columbite-tantalite 324 *110 ©110 66 393 88 30 30 17 24 91 31 31 19 26 

Zimbabwe: Columbite- 
tantalite 88 73 82 146 571 13 ul 6 22 il 31 _ 26 _13 3st _ 25 

Total 78,439 76,799 49,737 88,641 73,306 32,708 32,149 20,600 36,961 30,229 695 473 605 783 828 
“Estimated. Preliminary. ‘Revised. NA Not available. 
' Excludes columbium- and tantalum-bearing tin slags. Production of tantalum contained in tin slags was, in thousand pounds: 1985—877; 1986—623 (revised); 1987—543; 1988—1,145; and 1989—799, 

according to data from the Tantalum-Niobium International Study Center. Table includes data available through June 30, 1990. 

In addition to the countries listed, China, the U.S.S.R., and Zambia also produce, or are believed to produce, columbium and tantalum mineral concentrates, but available information is inadequate to 

make reliable estimates of output levels. 

3 Data on gross weight generally have been presented as reported in official sources of the respective countries, divided into concentrates of columbite, tantalite, and pyrochlore where information is available 

to do so, and reported in groups such as columbite and tantalite where it is not. 

‘Unless otherwise specified, data presented for metal content are Bureau of Mines estimates based, in most part, on reported gross weight and/or pentoxide content. Metal content estimates are revised as 

necessary to reflect changes in gross weight and/or pentoxide data. 

> Reported in and/or by official country sources. 

Less than 1/2 unit. 

used in cemented carbides to modify | tal form nor as a sulfide. Columbium | of such other elements as titanium, 
the properties of the cobalt-bonded | has an overall crustal abundance esti- | thorium, uranium, and those of the rare 
tungsten carbide-base material. It is | mated as 20 parts per million and a | earths. Columbite, the columbium-rich 
usually used with carbides of metals | strong geochemical coherence with tan- | member of the columbite-tantalite iso- 
such as tantalum and titanium. Colum- | talum. Pyrochlore and bariopyrochlore | morphous series, is normally found in 
bium oxide is the intermediate used in | (also known as pandaite), its barium | intrusive pegmatites and in biotite and 
the manufacture of high-purity ferro- | analog, have become the main sources | alkalic granites. However, because most 
columbium, nickel columbium, colum- | of columbium. The minerals are quite | such deposits relatively high in colum- 
bium metal, and columbium carbide. low in tantalum, having a columbium | bium content are small and erratically 

oxide-to-tantalum oxidé ratio of 200:1 | distributed, most columbite has been ob- 

Geology-Resources or greater. Pyrochlore and bariopyro- | tained as a byproduct of mining for other 

Columbium is almost always found | chlore are commonly found in the inte- | commodities, mainly tin. 
in nature as an oxide in association | rior parts of alkalic rock complexes, Reserve and reserve base data for 
with other minerals, but not in elemen- | frequently in association with minerals | columbium are shown in table 17 and 
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TABLE 15 

COLUMBIUM SUPPLY-DEMAND RELATIONSHIPS 

(Thousand pounds columbium content) 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988  1989P 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Domestic mine production — (‘) (') (‘) — — — — — = (*) 

Shipments of Government stockpile excesses — — — — — — — — — — — 

Imports? 8,342 9,728 7,960 °4,353 WwW W WwW WwW W NA NA 

Industry stocks, Jan. 1 5,459 6,631 8,581 8,332 __ Ww _ Ww _ Ww __ WwW _ WwW _NA _NA 

Total U.S. supply 13,801 16,359 16,541 12,685 Ww Ww WwW WwW Ww NA NA 

Distribution of U.S. supply: 

Industry stocks, Dec. 31 6,631 8,581 8,332 © $5,971 W W WwW W W NA NA 

Exports° 50 171 91 88 78 80 77 72 85 100 90 

Government accessions — — — 26 — — 213 — — — — 

Industrial demand 7,120 7,607 8,118 6,600 5,750 7,670 7,550 7,060 7,300 7,900 7,600 

. | U.S. DEMAND PATTERN | | 
Construction 2,350 2,360 3,166 2,706 2,300 2,920 3,320 3,110 3,140 3,710 3,580 

Machinery: . ~~ — ~~ — ~ ~ ~~ OO — oO oo 

Metalworking machinery | 235 210 284 214 173 230 227 211 200 200 190 

‘Special industry machinery 690 627 853 644 S517 614 604 _ 564 ~—s«610 _ 590 __570 

Total 925 837 ‘1,137 858 690 844 831 #775 + «810 790 760 
Oil and gas industries 997 1,215 1,624 1,122 748 1,070 1,130 920 950 790 760 

Transportation 2,278 2,435 1,623 1,518 1,495 1,990 1,890 1,690 1,530 1,740 1,670 

Other 570 760 568 396 = S17, s 846 S379 565 8700S 8708330 

Total U.S. primary demand 7,120 7,607 8,118 ~ 6,600 5,750 7,670 7,550 7,060 7,300 7,900 7,600 

“Estimated. P? Preliminary. NA Not available. W Withheld to avoid disclosing company proprietary data. 

''A small unreported quantity was produced. 

2 Includes concentrates, ferrocolumbium, tin slags, and other. 

are based on a judgmental appraisal of | frequently occur with circular geometry | als. A chloridizing and leaching process 
current information. Reserve base is | and concentric rock arrangement. Test | can also be employed to lower lead, 
defined as the in-place demonstrated | pitting and panning can be used to | phosphorus, sulfur, and barium con- 

-| (measured plus indicated) resource | explore placer deposits for columbium | tents. Methods used to mine columbite 
from which reserves are estimated. The | by virtue of the high specific gravity of | have ranged from simple hand opera- 
reserve base may encompass those | columbium minerals. The columbium | tions in small pegmatite mines to hy- 
parts of the resources that have a rea- | content of samples can be determined | draulic monitors and dredges at placer 
sonable potential for becoming eco- | rapidly by means of truck-mounted | deposits. 
nomically available within planning | spectrographic equipment and X-ray 
horizons beyond those that assume | fluorescence spectroscopy. Beneficiation.—Pyrochlore concen- 
proven technology and current eco- trates are used solely in the manufac- 
nomics. Reserves are defined as that Mining.—Pyrochlore has been mined | ture of ferrocolumbium for steelmak- 

part of the reserve base that could be | mainly by mechanized open pit, under- | ing. Aluminothermy, the process being 
economically extracted or produced at | ground stoping methods, or a combi- | used for making steelmaking grade fer- 
the time of determination. nation of both. Currently all mining | rocolumbium from pyrochlore concen- 

for pyrochlore in Brazil is open pit, | trates, is carried out in batches. As 
whereas in Canada, underground min- | practiced by CBMM in Brazil, a mixed 

Technology ing is being done via a large-diameter | charge of concentrate, iron oxide (as 
blasthole method. Ore, with host rock, | hematite), fine aluminum powder, and 

Exploration.—Columbium deposits | is usually dislodged from a working | slagging agents is reacted to produce 
of economic interest are most likely to | face with explosives. Beneficiation of | ferrocolumbium in a refractory-lined, 
be found in alkalic rock complexes and | the ore, after it has been finely ground, | cylindrical steel shell open at the top 
associated carbonatites. Aerial photog- | is achieved primarily by various flota- | and resting upon a lined silica sand 
raphy and geological mapping can be | tion procedures combined with mag- | bed. Also, processes have been devel- 
used to reveal alkalic complexes, which | netic separation to remove iron miner- | oped for production of columbium ox- 
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TABLE 16 

TANTALUM SUPPLY-DEMAND RELATIONSHIPS 

| (Thousand pounds tantalum content) 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989P 

. COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Domestic mine production _ (') (') 9) — — — — — — @) 

Secondary * 51 121 95 89 40 130 90 75 125 130 120 

Shipments of Government stockpile excesses — — — _ — _ — — — — — 

Imports? 1,914 2,280 1,580 °1,087 WwW WwW W WwW WwW NA NA 

Industry stocks, Jan. 1 °2,948 2,753 «3,261 «03,452 = W Ww WwW Ww ~W NA NA 

Total U.S. supply ] 4,913 5,154 4,936 = 4,628 W w WwW W W NA NA 
Distribution of U.S. supply: 

Industry stocks, Dec. 31 2,753 3,261 3,452 ©3,195 W W WwW W W NA NA 

Exports ° 721 706 222 340 262 383 320 312 376 564 470 

Government accessions — — — 33 — — 254 — — — — 

Industrial demand 1,439 1,187 1,262 1,060 1,181 1,680 800 820 840 930 820 

U.S. DEMAND PATTERN : 

Electronic components 950 862 882 703 733 1,052 444 484 504 610 540 

Transportation 115 70 . 102 121 _165 _ 218 131 123, 126 _710 70° 

Machinery: EEE EEE 

Chemical equipment | 127 72 83 69 47 60 48 44 34 30 20 

Metalworking machinery 242 152 192 138 189 264 102, A12 _ 59 _ 60 50° 

Total  369«~«=‘«~C (tT (tstiTti“‘<i«é‘i tH (té«idSSC*«d‘SG; 93 90 70 
Other 5 31 3 — 29 47 86 75 57 117s 160 140 

Total demand “1,439 T,187 T,262 ~1,060 1,181 1,680 “800, 820 840 930 _820_ 

Total U.S. primary demand — ~~ — — ~ ~ ~ — a — oO 
(industrial demand less secondary) 1,388 1,066 1,167 971 1,141 1,550 710 745 715 800 700 

*Estimated. Preliminary. NA Not available. W Withheld to avoid disclosing company proprietary data. | 

1A small unreported quantity was produced. 

-* Includes concentrates, tin slag, and other. 

3 New stock series beginning Jan. 1, 1979. 

ide through treatment of ferrocolum- 
bium produced from pyrochlore concen- TABLE 17 
trates. This technology is being used to WORLD COLUMBIUM RESERVES AND RESERVE BASE, 1989 

produce commercial cuantities of coum (Thousand pounds columbium content) 

of high-purity ferrocolumbium, nickel) ——-—-—- AAA 
columbium, and columbium metal. Country Reserves Reser ve 

In the extraction of columbium from | ——2M@#W 
other mineral concentrates and tin | B@#ie =F SS 7,300,000 8,000,000 
slags, modern technology makes use | C@M4daq_— 300,000 900,000 
mainly of digestion with hydrofluoric | Nigeria | 140,000 200,000 
acid followed by liquid-liquid extrac- | United States — (*) 
tion with methyl isobutyl ketone | Zaire 70,000 200,000 

(MIBK). This procedure efficiently re- | Other market 
covers both columbium and tantalum | economy countries 14,000 19,000 
in the form of separate streams that | Centrally planned economies NA NA 

then can be further processed individ- World total (rounded)? 7,800,000 9,300,000 
ually into oxides and metal. Colum- | NANotaailabe. 
bium oxide is precipitated from the ' The reserve base includes demonstrated resources that are currently economic (reserves), marginally economic (marginal reserves), and 

C olumbium stream by ammonia an d > Neste Anos that are currently subeconomic (subeconomic resources). 

then purified and calcined. 3 Excludes centrally planned economies. 
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Columbium oxide is aluminothermi- BACKGROUND— | It combines readily with other refrac- 
cally reduced batchwise to produce ‘ALUM tory metals such as tungsten and 
high-purity ferrocolumbium, © nickel TANT hafnium to form alloys having high- 
columbium, and columbium metal. temperature strength and stability. Tan- 
Aluminothermically produced colum- Tantalum is a refractory metal that is | talum forms highly stable anodic films 
bium metal is commonly purified to | ductile, easily fabricated, has a high | and exhibits a rectifying, or electronic 
remove aluminum and other contami- | melting point (2,996° C), is highly re- | valve, action in an electrolyte. Tanta- 
nants by remelting it in an electron- | sistant to corrosion by acids, and is a | lum is twice as dense as steel with a 
beam furnace. Several remelts may be | good conductor of heat and electricity. | specific gravity of 16.6. 

required before the desired level of pu- 
rity is reached and a ductile ingot has Definitions, Grades, and 
been produced. The basic method for TABLE 18 Specifications | 
production of columbium carbide is Metallic forms of tantalum are pro- 
reduction of columbium oxide by car- TIME-PRICE RELATIONSHIPS duced chiefly in unalloyed form or 
bon at high temperature under vacuum FOR COLUMBIUM alloyed with up to about 10% tungsten. 
or a protective atmosphere. Unalloyed metal and alloys with tung- 

Average annual price, dollars sten are available as ingot, plate, sheet, 
per pound of contained strip, bar, rod, wire, and tubing, in 

Recycling.—Columbiumusedinsteel- | Year columbium in concentrates accordance with ASTM Specifications 
making and in superalloy manufacture Actual price Based on constant | B364, B365, and B521. Allowable im- 
is essentially a dissipative use, and little | _____.__———S~B llr | HY ity levels do not exceed 0.3% in 
is reclaimed. However, when strict | 1954 4.86 18.48 most cases; the main impurities are 
scrap segregation practices are fol- | 1955 1.93 7.10 columbium and oxygen, plus tungsten 
lowed, small quantities of columbium- | 1956 1.79 6.37 in the case of unalloyed tantalum. Pu- 
bearing superalloy scrap are recycled. | 1957 1.68 5.77 rity of tantalum metal powder is usu- 
Aside from sales to alloy melters, | 1958 1.54 5.19 ally about 99.9%. Depending on pow- 
columbium metal scrap has not been | j9s9 ~~ ~»=154.. «2 #©«©5©~»©5.07..~-~«<WL:«ser:«ssage, impurities that must be : 
recycled to any extent other than in- | jo9 #§51.73. #4560. controlled consist mainly of calcium, 
house as home scrap by processors. i961. 4143. °° 458 ”~” carbon, columbium, iron, nickel, nitro- 

——________*____________________ | gen, oxygen, silicon, and sodium. 
19620036 C ial tantal bid all ommercial tantalum carbide usually 

Economic Factors 1963 3G 40 | contains about 93% tantalum and 
, 1964086 | ahout 6.3% carbon. 

Prices.—The price of columbium | 196 1.34 3.96 
contained in concentrates, in terms of | 1966 1.43 | 4.09 Products for Trade and Industry 

actual prices and in constant 1982 dol- | 1967 1.42 oe 3.96 The major end use for tantalum, as 
lars, has been relatively stable for the | 1968 1.42 3.77 tantalum metal powder, is in the pro- 
period shown in table 18. Actual prices | 1969 1.42 3.57 duction of electronic components, 
reported are based on historical price | 970 ~=1.5..22«2.~«~©~»©»~—Ss 32«.93.~S”~*«é‘“Y:«SAMitinly' tantalum capacitors. Applica- 
quotations, or best available informa- | j97) =———s—=«C<‘OU*s5)S (C<~;CS;737«3 3} 2t*é«<CS~*W tions for tantalum capacitors include 
tion from producers. Additionally, 72) 187. 4.02 computers, communication systems, 
prices for products based on colum- | —————————__—_—_ || and instruments and controls for air- 
bium concentrates have been stable W973 NTSB craft, missiles, ships, and weapon sys- 
over the past decade. At yearend 1989, 1974 2H CCB | tems. The tantalum capacitor exhibits 
the published price for columbium ox- | 19752-23876 | reliable =performance and combines 
ide was $7.64 per pound of oxide, the | 1976 2.73 4.33 compactness and high efficiency with 
published price for regular-grade ferro- | 1977 5.53 8.22 good shelflife. Because of its high melt- 
columbium was $6.58 per pound of | 1978 3.69 5.11 ing point, good strength at elevated 

contained columbium, the published | 1979 3.79 4.82 temperatures, and good corrosion resis- 
price for high-purity ferrocolumbium | 1980 4.55 5.31 tance, tantalum is combined with co- 
was $17.50 per pound of contained | j93) £4487... . «245.18 ~~ ~~ ~*'| Dalt, iron, and nickel to produce super- 
columbium, and the published price | jo997. ~~ ~32=483... ° 4.83.  «&‘| alloys that are employed in aerospace 
for nickel columbium was $19.50 per 1983. 473. 4,55. ‘| Structures and jet engine components. 
pound of contained columbium. ——_______-_______________*______ | Tantalum carbide, used mostly in mix- 

1984 4.71 4.37 . 
aa | tures with carbides of such metals as 

W985 ORT columbium, titanium, and tungsten, is 

Depletion Provisions.—U.S. colum-.| 1986 SS 3-78 =~ 332s) sed in cemented-carbide cutting tools, 
bium-producing companies are granted | 1987 3.71 3.16 wear-resistant parts, farm tools, and 
a depletion allowance of 22% for do- | 1988 3.71 3.06 turning and boring tools. Because of its 
mestic production of columbium min- | 1989° 3.75 2.97 excellent corrosion resistant properties, 
erals and 14% on foreign production. | ‘Estimated. tantalum mill and fabricated products 
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are used in the chemical industry in | based on a judgmental appraisal of | termittent operations that depend on 
applications such as heat exchangers, | current information. Reserve base is | the recovery of byproduct or coproduct 
evaporators, condensers, pumps, and | defined as the in-place demonstrated | minerals for economic viability. 
liners for reactors and tanks. : (measured plus indicated) resource Both alluvial and residual tantalum 

| from which reserves are estimated. The | and tantalum-containing tin deposits 
Geology-Resources reserve base may encompass those | are normally mined by hand, by hy- 

The principal source of tantalum is | parts of the resources that have a rea- | draulic monitors, by dredges, or by 
an isomorphous series of minerals con- | sonable potential for becoming eco- | mechanized open pit mining. The min- 
taining columbium, iron, manganese, | nomically available within planning | ing of pegmatite deposits, which may 
and tantalum oxides. Tantalum and | horizons beyond those that assume | be either open pit or underground, is 
columbium have strong geochemical | proven technology and current eco- | carried out by blasting, transporting, 
affinity and are found together in most | nomics. Resetves are defined as that | and crushing the rock to free the tanta- 

rocks and minerals in which they occur. | part of the reserve base that could be | lum and associated coproduct miner- 
Tantalite-columbite occurs mainly as | economically extracted or produced at | als. The materials are then concen- 
accessory minerals disseminated in gra- | the time of determination. trated by wet gravity methods (sluices, 
nitic rocks or in pegmatites associated jigs, spirals, and tables) and finally 

with granites. The microlite-pyrochlore separated from associated minerals by 
mineral series is also a source of tanta- | Technology gravity and electrostatic and electro- 
lum. These minerals consist essentially magnetic processes. 

of complex oxides of calcium, colum- Exploration.—Exploration for tan- Tantalum is recovered from slags 
bium, sodium, and tantalum in combi- | talum is generally pursued on the basis | produced at tin smelters located 
nation with hydroxyl ions and fluo- | of its known frequent association with | throughout the world. Tantalum con- 
rides. Microlite occurs mainly in the | tin and certain other elements in peg- | tent varies in tin slag depending on ore 
albitized zones of granite pegmatites, | matite environments, some features of | and smelting practice. | 
often associated with tantalite or | which can be distinguished by aerial 
columbite. Struverite is a low-grade | photography. Application of X-ray flu- 
source of tantalum recoverable from tin | orescence analysis techniques has been Beneficiation.—Tantalum mineral 
mining wastes in Southeast Asia. Stru- | helpful in measuring tantalum at the | concentrates and tin slags are the pre- 
verite is a variation of the titanium | low concentrations at which it occurs. | dominant feed materials for prepara- 
mineral rutile. Tantalum is also ob- | The high specific gravity of tantalum | tion of tantalum metal and com- 

| tained through byproduct recovery | minerals makes it possible to reveal | pounds. Both raw materials usually 
from tantalum-bearing tin slags, prin- | their presence in placer deposits by test | contain recoverable amounts of colum- 
cipally from smelters in Brazil and | pitting and panning. bium as well. Depending on circum- 
Southeast Asia. . stances, tin slags may be used directly 

Reserve and reserve base data for Mining.—Mining developments gen- | for extraction of tantalum, or they may 
tantalum are shown in table 19 and are | erally are small, relatively high-cost in- | be first upgraded. Upgrading is typi- 

cally performed by means of an electric 
furnace process that yields a synthetic 
concentrate. 

TABLE 19 In the extraction of tantalum from 

WORLD TANTALUM RESERVES AND RESERVE BASE, 1989 these source materials, technology 
makes use mainly of digestion with 

(Thousand pounds tantalum content) hydrofluoric acid followed by liquid- 

liquid extraction with MIBK. This pro- 

Country Reserves Reserve base! | cedure efficiently recovers both tanta- 
Australia 10,000 20,000 lum and columbium in the form of 

| Brazil 2,000 3,000 separate streams that then can be fur- 
Canadat(“‘i‘™SOO 4,000 5,000 ther processed individually into salts, 
Malaysia. ~=<CSsé<‘<sStS 2.000 4,000 oxides, and metal. The two streams are 

Nisria ~~~ SO 7000 10.000 produced by a series of countercurrent 
ee ° , extractions that also remove impurities. 
Thailand 16,000 20,000 The tantalum product stream is a fluo- 
United States _ (7) tantalic acid solution from which either 
Zaire 4,000 10,000 potassium fluotantalate (K-salt), by ad- 
Other market economy countries 3,000 4,000 dition of potassium chloride or fluo- 

Centrally planned economies NA NA ride, or tantalum pentoxide, by addi- 

World total? 48,000 76,000 tion of ammonia, can be precipitated. 
NA Not available. Reducing K-salt by sodium is the stan- 
' The reserve base includes demonstrated resources that are currently economic (reserves), marginally economic (marginal reserves), and dard commercial method for making 

2 Neale arse that are currently subeconomic (subeconomic resources). tant alu m met al. Th e pro du ct of sO dium 

Excludes centrally planned economies. reduction is a powder that is consoli- 

330 ~ COLUMBIUM (NIOBIUM) AND TANTALUM MINERALS YEARBOOK—1989



dated by a pressing, vacuum sintering, TABLE 20 demand and an increase in tantalum 
and melting sequence. TIME-PRICE RELATIONSHIPS material stockpiles. Subsequently, prices 

Tantalum carbide can be manufac- FOR TANTALUM rebounded through yearend 1988 and 
tured by several methods, the most were at the highest level since the third 
common being solid-state reaction be- "Average annual price, dollars quarter of 1981, responding to increased 
tween tantalum oxide and carbon. Tan- per pound of contained demand for feed materials along with the 
talum carbide can also be made by | year columbium in concentrates ! drawdown of stockpiles. 
reacting metallic tantalum directly with Actual or Based on constant 
carbon. oral price 1982 dollars Depletion Provisions.—U.S. tanta- 

1954 9.77 37.15 lum-producing companies are granted a 
Recycling. —Recycling of tantalum | 4955 9.9] 36.43 depletion allowance of 22% for domestic 

largely fakes prace wenn the Process 1956. 796 2833. proguction of lana minerals and 14% 
Ing and producing industry an 1s 1997. 763 2622 | Of foreign pro uction. 

mostly runaround or home scrap that is | —J2J2_—_ 
consumed internally. In addition, quan- 1958 AB ~ y. md q 1959 4.92 16.18 1Fansteel Inc. 1989 Annual Report. 24 pp. 

tities of tantalum are recycled indirectly tacn mag me ee 2 The Black & Decker Corp. 1989 Annual Report. 44 

in the form of used tantalum-bearing | 190 7-28 35H 
cutting tools and high-temperature al- | 196! 11.11 35.61 3 Sprague Technologies Inc. 1989 Annual Report. 24 
loy melting scrap. 1962 7.29 22.85 pp. 

1963 7.93 24.48 

Economic Factors | 1964 73] 2.2? OTHER SOURCES OF INFORMATION 

- 1965 10.26 30.36 _ 
Prices.—Time-price relationships for | 1966 14.72 42.06 Bureau of Mines Publications 

tantalum contained in concentrates in | j947.. ~~ ~=1004.~CS«~SH«CSDS Columbium (Niobium) and Tantalum. 
1 1 a Chs. in Mineral Commodit 

1982 dollars are shown in table 20. | 2% 9432422 Sutnmaries, annual. 
Actual prices reported are based on 19690 SD Columbium (Niobium) and Tantalum. 

historical price quotations or best avail- | 1972. PS Reported annually in Mineral Industry 
able information from producers. The | 197} 8-26 1860 Surveys. 
prices show large swings between the 1972 8.09 - 17.40 Minerals Today. A bimonthly 

high and low in response to market | 1973 8.00 | 16.16 publication. ) 
conditions, with recent year pro- | 1974 14.13 : 27.17 Other Sources | 
nounced maximums occuring in 1980 | 1975 18.32 30.89 American Metal Market (daily paper). 
and 1988. A 7-year trend of declining | 1976 20.31 | 32.19 CIM Bulletin. 
price, 1967-73, was followed by a trend | 1977 5.64 38.10 Company Annual Reports. 
of rapid price increase that was sus- 1978 34.19 47.35 Engineering and Mining Journal. 

tained through midyear 1980. The 197998000. «401.78 Journal of Metals. 
record price levels during this period 1980 106.37 Metal Bulletin (London). 
were attributed in part to a state of | ——--—-—J___—____ Metals Week. 
panic buying influenced by anticipated Wogt 99ST OSB Mining Journal (London). 

greater tantalum demand, amidst con- | 1982-49-99 49-95 |S Mining Magazine. 
cerns at the time of a shrinking world | 1983 30.60 29.45 Roskill Information Services Ltd. 
tantalum supply. The high prices | 1984 37.44 34.76 Reports (London). 
brought about substitution for tanta- | 1985 33.68 30.37 Tantalum-Niobium International Study 

- | lum and more widespread search for | 1986 23.74 20.86 Center (Brussels): 
and development of new tantalum | 1987 27.08 23.07 Quarterly Bulletin. 
sources. However, prices began declin- | jog 47.37 39.05 International Sysposium-Proceedings. 
ing by yearend 1980, and by midyear | jo9,9 4493. ~  +235.57”'”~C*«‘ The TEX Report (Tokyo). 
1986, were the lowest since first quarter | ———_—..... World Mining. 

60% basis, combined tantalum and columbium pentoxides. 

1977, hastened by a weak tantalum 
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| By Janice L. W. Jolly and Daniel L. Edelstein 

Mrs. Jolly is a physical scientist (geologist) with more than 30 years in the mining industry, including 16 years with the Bureau 
of Mines. She worked as a research geologist with the U.S. Geological Survey and Roan Consolidated Mines, Ltd., of Zambia 
and as a consultant on mineral affairs with the U.S. House of Representatives Armed Services Committee and the World Bank. 
Mrs. Jolly is currently the copper specialist for the Bureau of Mines, a position she has held since 1983. 

Mr. Edelstein is a physical scientist (geologist) with more than 15 years of combined experience working for the Bureau of 
Mines in minerals processing research, process evaluation, and mineral commodities. He has been a copper commodity specialist 
for 7 years as well as the specialist for the copper byproduct metals, selenium and tellurium. | 

Domestic survey data were prepared by Stephen Hayes, Lisa Conley, and Lisa Christian, mineral data assistants, and Im- 

- ogene Bynum, mineral data supervisor. 

orld production of copper | ment was reached on the terms of reference | mine State trust lands deprives the State of 
J from primary and secondary | for the formation of an International Cop- | its fair share of minerals value. The ruling 

sources was higher than in | per Study Group. Formation of the study | was expected to result in Arizona passing 
1988 and nearly in balance | group had been initiated more than 2 years | new mineral leasing laws that would order 

with the record 10.9 million metric tons of | previously by the United States. According | higher royalty payments for minerals min- 
copper consumed. Copper consumption | to the terms of reference, the organization | ed on nearly 10 million acres of land 
grew largely owing to increased consump- | could come into existence if a sufficient | granted to the State by the Arizona Ena- 
tion by the semifabricating plants of Asia | number of countries, accounting for at least | bling Act of 1910. 
and Europe. Copper demand by U.S. wire | 60% of world trade in copper, notified the Montana State Bill 410 was expected to 
and brass mills remained at about the same | United Nations Conference on Trade and | end the longstanding differences of opinion 
level. Copper mine supply was constrained | Development of their intention to join the | between mining companies and the State 
by disruptions in Africa, Canada, Mexico, | group by June 30, 1990. However, if the | Department of Revenue. The bill propos- 
and Papua New Guinea. Most of the pro- | trade represented by those signifying their | ed to increase the gross proceeds and metal 
duction gains reflected continued expansions | intent to join fell short of 60%, the in- | mines license tax. Instead of a sliding-scale 
at mines in Chile and the United States. At | terested countries could decide among | based on gross value of metals produced, 
yearend, visible refined inventories increas- | themselves to inaugurate the study group | currently ranging from 0.5% to 1.5%, the 
ed slightly to an estimated 634,000 tons, | anyway. The agreement also provided for | tax would be raised to a flat 1.8% rate. 
slightly less than 4 weeks of market econo- | 3-year temporary or provisional member- | Mines would no longer pay a separate fee 
my countries (MEC) consumption! The | ships, which allowed interested countries | into the Resource Indemnity Trust (RIT) 
U.S. producers’ delivered price averaged | to join without making an initial long-term | Fund, but a portion of the flat fee would 
$1.31 per pound, which offered considerable | commitment. go into the RIT account. Instead of the 
profits for most producers, who were bene- General Fund getting two-thirds and the 

fiting from cost-cutting of the recent past. | State Legislation Hardrock Trust getting the remainder, the 
With higher prices and funds available revenue would go 61.5% to the General 

for investment, announcements of new pro- Following months of debate, Nevada | Fund, 8% to the Hardrock Mining Impact 
jects and intentions to reopen older mines | State Legislature approved the first mined | Trust Account, 15.5% to RIT, and 15% to 
were commonplace. Exploration expen- | lands reclamation laws in the State’s history. | the area of production. The bill reportedly 
ditures for copper were at the highest level | Assembly Bill 958, passed on June 24, gave | had broad industry support.’ 
in several decades, particularly in Canada, | enforcement responsibility to the Nevada 
Chile, and the United States. Rationaliza- | Div. of Environmental Protection and | Jyade Legislation and Actions 

tion of the industry continued with mines | created several funding mechanisms to sup- 
and plants changing owners and companies | port administration of the program. One In an official exchange of letters with the 
adapting marketing strategies to the chang- | fund would pay the cost of administering | United States, the Commission of the Euro- 
ing international flow of copper. the abandoned mines hazard abatement | pean Community (EC) agreed not to pro- 

program, which would be the responsibility | pose renewal of quotas on the export of 

—___________________—~ | of the Nevada Department of Minerals. The | scrap and waste of copper and copper 
LEGISLATION AND bill required that the mining industry pay | alloys. As a result, all quotas and systems 
GOVERNMENT PROGRAMS (| for all of the State’s costs associated with | of licensing associated with scrap exports 
ero | administering and enforcing reclamation | expired on December 31, 1989. In return, 

laws? the United States agreed to end a General 
Copper Study Group The U.S. Supreme Court upheld a lower | Agreement on Trade and Tariff (GATT) 

During a negotiation session in Geneva, | court ruling that found a 5% cap on | grievance that had been filed in response 
Switzerland, February 20-24, an agree- | royalties paid by companies in Arizona to | to a November 1988 petition by the U.S. 
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- TABLE 1 

| SALIENT COPPER STATISTICS 
| (Metric tons unless otherwise specified) , 

1985 1986 1987 1988 1989 

United States: | | | 
Ore produced thousand metric tons 165,190 172,476 — 202,632 "223,576 237,262 

Average yield of copper percent 0.61 | 0.60 0.57 0.60 0.62 
Primary (new) copper produced: | | 

From domestic ores, as reported by: 

Mines | 1,104,823 1,144,213 “1,243,596 “1,416,928 1,497,458 
Value | millions $1,631 $1,666 $2,262 "$3,764 $4,323 

Smelters: 939,257 1908,087 1972,141 11,042,954 - 14,120,445 
Percent of world total 11 7 10 11 12 12 

Refineries 1,003,713 ’ 21,073,981 1,126,908 21,406,020 1,351,748 
From foreign ores, matte, etc., as reported by : 
refineries 53,528 W W WwW 125,085 

Total new refined, domestic and foreign 1,057,241 "1,073,981 1,126,908 1,406,020 1,476,833 

Refined copper from scrap (new and old) 371,787 405,944 414,738 “446,427 476,918 

Secondary copper recovered from old | 
scrap only ..- . 503,407 477,469 497 ,937 “518,179 543,596 

Exports: 

Refined 37,937 12,452 «94197 58,325 130,189 
Unmanufactured? 435,000 442,000 387,000 557,000 721,000 

Imports for consumption: . 
Refined | 377,725 501,984 469,159 331,671 300,110 
Unmanufactured? 443,932 697,523 568,448 511,360 515,000 

Stocks, Dec. 31: Total industry and COMEX: | 

Refined 320,000 "224,000 “112,000 98,000 106,000 
Blister and materials in solution 146,000 "136,000 150,000 "121,000 132,000 

Consumption: . 

Refined copper (reported) 1,976,038 2,102,625 2,125,699 "2,210,424 2,203,143 

Apparent consumption, primary and old 

copper (old scrap only) 2,144,436 "2,136,982 2,196,807 "2,211,545 2,182,349 

Price: Weighted average, cathode, cents per 

pound, producers 66.97 66.05 82.50 120.51 130.95 

World: 

Production: 

Mine thousand metric tons “7,988 *7.993 8,306 Pg 537 °8 887 

Smelter do. "8,630 "8,816 8,923 Po 285 °9,535 

Refineries do. “9,408 “9,602 9,833 P10,332 “10,727 

Price: London, Grade A, average cents per pound* 64.27 62.28 80.88 117.92 129.15 
“Estimated. PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 
'Includes production from foreign ores and concentrates. 

Includes primary copper produced from foreign ores, matte, etc., to avoid disclosing company proprietary data. 

*Includes copper content of alloy scrap. Export and 1989 import copper content of alloy scrap were estimated from gross weight. 
‘High-grade prior to 1988. 

Copper and Brass Fabricators Council | per and lead industries should be identified | tification, the industry could ask for 
(CBFC). The CBFC charged that the EC | under Section 409(b) of the 1988 U.S.- | assistance under the trade laws. 
scrap quotas were a violation of GATT and | Canadian Free Trade Agreement Act of 
were having adverse impacts on domestic | 1988. In the decision, it was found tat | 2 TVTVTVTVT77———— 
producers. these industries may face increased imports ISSUES 

In response to an industry petition by the | of subsidized copper and lead products |" ~~~ 
Non-Ferrous Metals Producers Committee, from Canada once tariffs were lowered ac- Mine and Plant Labor 
the U.S. Trade Representative, and the | cording to the Free Trade Agreement, and 
Department of Commerce in a joint deci- | that deterioration of the competitive posi- Productivity at all mines that produced 
sion, determined that both the primary cop- | tion could occur. Based on 409(b) iden- | copper as a principal product was 19.6 
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worker-hours per ton of recoverable cop- | ployees that included wage increases of | fourth quarter of 1988; arbitration of the 
per produced by open pit, underground, | $1.85 per hour over 3 years; an increase in | 1989 bonus had not been settled. 
and leach methods. Average productivity, | pension payments of $4.00 per month for Bonuses averaging $1,500 per person 
including mine, mill, and leach operations | each year of service; and additional death | were paid in December 1989 to about 680 
was 41 worker-hours per ton for five | and dismemberment insurance. Although | hourly employees at Cyprus Miami Min- 
operating underground mines and 17.7 | the wages were slightly higher than before | ing Corp’s copper operations. The bonuses 
worker-hours per ton of recoverable cop- | the pay was slashed in 1986, the cost-of- | were about equal to those paid in May 
per for 15 open pit mines. Total workers | living clause in the contract remained | 1989. The December bonuses were in 
at U.S. mines and mills averaged 12,400 in | suspended. Magma agreed to increase the | recognition of achieving a record-breaking 

| 1989. Arizona (8,514 workers) led in | weighted average base wage for 3,100 hour- | year in 1989. Cyprus Minerals announced 
average number of mine and mill workers, | ly employees by $1.00 per hour in the first | that as of January 1, 1990, Cyprus Miami 
followed by New Mexico (1,487 workers) | year and 25 cents in the second and third | employees with at least 20 years of service 
and Utah (1,084 workers). : years. A premium of 0.6% was to be add- | would receive an additional week of vaca- 

The number of union members in the | ed to base wages as copper prices varied | tion. Cyprus Miami had a total of about 
U.S. nonferrous metals industry, including | in 5 cent increments above 95 cents per | 1,020 workers® 
the copper industry, decreased in recent | pound, capping at $1.70 per pound. 
years. The ties of workers to unions were Although statistics show that many metal | Coct of Production | 
weakened by frequent mine closings, wage | companies were tying employee wages to 
concessions, and effects of a poor economy | incentive bonuses as a means of rewarding The weighted-average cash cost, in- a 
over long periods of time. When mines | higher production when profits were high | cluding byproduct credits and taxes but ex- 
were acquired by new owners, such as at | and limiting costs during slow periods, | cluding depreciation, of producing refin- 
the Sierrita Mine in Arizona and the Con- | some copper producers reportedly seem- | ed copper in the United States was 
tinental East Mine in Montana, new work- | ed to be reluctant to institute such plans5 | estimated to have increased slightly to 
ing systems were set up with the workers | It was estimated that 75% of all gain- | about 54 cents per pound in 1989, accor- 
opting not to reinitiate union rules. Job | sharing plans in the U.S. mining industry | ding to Bureau of Mines Minerals 
classifications at both mines were reduced | had been installed in the past 5 years. A | Availability System estimates. Including 
from several hundred to fewer than 15, and | variety of factors was used to calculate | recovery of capital, the average production 
workers were offered raises for learning | bonuses. Production was most often used | cost was 60 cents per pound. 
multiple jobs. Small group seminars em- | in determining bonus size, but safety, ore Asarco reported that the cost to produce 
phasized healthy working relationships, and | grade, development advance, cost savings, | copper was higher in 1989 compared with 
at regular meetings, managers sought | profits, commodity price, and housekeep- | that of 1988. Startup difficulties with its 
employee advice. At many mines, manage- | ing were also used. Penalties were com- | new milling and concentrating facilities at 
ment layers were streamlined and managers | monly included to encourage safety. | the Mission complex in Arizona resulted 
became multidisciplined, as did workers | Magma arranged to give its employees | in reduced production and higher costs. 
At some mines, employees participated in | bonuses linked to copper prices and | Production rates at the Hayden, AZ, 
profit-sharing plans, such as at Montana | established production targets; even so, the | smelter also did not meet expectations, 
Resources Inc.’s Continental East Mine, | company eventually found this plan placed | thereby increasing costs. 
where it amounted to 10% of pretax net | Magma in the position of being among the Cyprus Minerals reported that inflation, 
profits. Otherwise, a unified salary rate of | highest cost of U.S. producers. especially in mining and processing costs, 
$9.73 per hour (about $20,000 per year) Magma and labor unions attempted to | and increased costs and taxes resulting 
prevailed for the Continental East workers. | resolve disputes concerning interpretation | from Federal and State legislation and 

In May, workers at the Troy Mine, MT, | of the bonus rules that were part of the 1986 | regulation, were making cost reduction 
voted not to accept the United Mine | contract. In 1986, the unions had accepted | more difficult? The company planned ma- 
Workers of America (UMWA) as their col- | large cuts in wages and benefits in exchange | jor capital investments for plant and equip- 
lective bargaining agent. The UMWA won | for certain productivity-based bonuses. | ment modernization in 1990 to increase 
certification in 1987, but efforts to negotiate | Although Magma insisted that the produc- | operation efficiency. Cyprus’ mine produc- 
a contract with ASARCO Incorporated fail- | tion requirement only related to production | tion costs, including depreciation, averaged 
ed. Late in 1988, an employee group | arising from Magma’s own operation, the | 68 cents per pound for the year, compared 
mounted a petition calling for a new elec- | union contended that ore processed by | with 65 cents in 1988, according to the 
tion and Asarco withdrew its recognition | Magma for Cyprus Minerals Co. should | company annual report. The increase in 
of the union and stopped contract talks. The | have been included in the calculations for | 1989 was caused partly by price sensitive 
National Labor Relations Board ruled | fulfilling production quotas. The bonuses | costs, such as employee incentive compen- 
against UMWA charges that Asarco | were linked to the copper price and meeting | sation plans and service costs associated 
unlawfully withdrew union recognition. | 80% of Magma’s production quotas. | with acquisitions, and partly by Cyprus’ ef- 

Labor contracts with Magma Copper | Magma announced that it would not pay | forts to maximize production during the 
™ Co. and Asarco were set to expire July 1, | fourth quarter 1988 and second quarter | year. Average mine production costs reach- 

1989, but both were replaced with new | 1989 bonuses to its unionized workers | ed a high of 76 cents per pound during the 
agreements that increased base wages and | because production and sales quotas under | fourth quarter as a result of reduced 
various benefit plans. Asarco and the | the plan were not met. An independent ar- | recoveries at Twin Buttes Mine. Milling 
United Steel Workers union settled on a | bitrator ruled in favor of the company and | difficulties resulted from blending ores 
new 3-year contract covering 1,600 em- | determined that no bonus was due for the | from four pits. Not only did the mill 
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TABLE 2 | 

PRODUCTIVITY’ IN THE U.S. COPPER INDUSTRY, BY ACTIVITY 

1985 1986 1987° 1988" 1989 

COPPER MINE PRODUCTION : | 
Ore concentrated 
and leached metric tons © 165,190,000 172,476,000 * 202,632,000 223,576,000 237,262,000 

Copper recovered __do. 1,003,990 1,041,520 1,154,181 1,341,279 1,438,267 

Average yield of copper percent 0.61 0.60 — 0.57 0.60 0.62 

Copper from in situ leach metric tons 82,948 79,031 70, 136 49,299 34,485 

Total production? do. 1,086,938 1,120,551 1,224,317 1,390,578 1,472,752 

MINE AND SX-EW PLANT LABOR 

Average annual workers? 9,854 10,154 11,924 11,873 12,421 

Employee-hours worked | 18,831,046 20,326,091 23,197,110 25,707,013 29,371,885 

PRODUCTIVITY AT MINES 

(hours per ton) 17.32 18.14 18.95 18.49 19.94 

REFINED COPPER PRODUCTION 

Electrolytic copper metric tons 1,231,612 1,241,309 1,276,933 1,525,470 1,541,542 

PRODUCTIVITY AT PLANTS* | 
(hours per ton) 9.15 10.27 9.48 : 8.19 8.17 

INDUSTRY PRODUCTIVITY 

(hours per ton) | 26.47 28.41 28.43 26.68 28.11 

"Revised. . 

1Employee hours per metric ton mined and processed. 

2Production from byproduct mines not included. 
3Includes mine, mill, SX-EW plant, and administrative workers at copper open pit and underground mines. Construction workers and workers at mines developing, on standby, or care and maintenance are 

also included. Mines producing copper as a byproduct are not included. 

‘Bureau of Mines estimates based on unpublished Dept. of Labor data. 

Sources: U.S. Department of Labor and Mine Safety and Health Administration. Bureau of Mines, production statistics. 

recovery fall and costs rise, but more im- At Magma, costs were above budget as | of increased supply costs, total material 
portantly, they were not able to produce | a result of mining lower grade ore to take | mined, depreciation, and costs that derived 

_ | copper for sale when prices were high. | advantage of the higher copper prices and | principally from increased capital expen- 

Recoveries at Miami were reduced because | an expanded development program. The | ditures.!’ 

of mining in an area that contained a lower | company restarted limited development of At the White Pine Mine, MI, gains in ef- 

grade of oxide ore. the Kalamazoo (“K’”) ore body, which | ficiency were achieved through a 29% 

Cyprus Minerals also faced increased | would extend the life of the mine, increase | reduction in the work force over that of 

electricity costs at two of its operations. In | extraction tonnage, and improve overall | 1981 levels. As productivity increased, pro- 
a hearing held by the Arizona Corporation | mining costs. The new column cell tech- | duction costs dropped from a 2-year 
Commission, Cyprus Sierrita protested the | nology used at the San Manuel concen- | average in the early 1980’s of 99 cents per 

full rate increase that Tucson Electric | trator proved cost effective, reducing energy | pound, to 62 cents per pound mined and 

Power was seeking. The rate increase | and maintenance costs by 9.5% over the | processed, before silver byproduct credits. 
would cost the company an additional $7 | year. Cost efficiency was further improved | Meanwhile, the ore grade dropped from 

| million per year. It took 19 kilowatt hours | through complete reinstrumentation of the | 1.46% in 1979 to about 1.1% in 1989. Com- 
of electricity to grind 1 ton of ore, and the | concentrator for better process control.!° | pany efforts focused on modernizing equip- 
mine processed about 30 million tons of ore Phelps Dodge Corp. completed a $48 | ment and mining methods. Over the next 
annually. In addition, Cyprus Miami fac- | million in-pit crushing and conveying pro- | few years, about $5 million per year was 
ed increased electricity charges from the | ject at Morenci, AZ, which significantly | to be provided annually for new 
Salt River Project with which the company | reduced haulage costs in the pit. Expan- | underground equipment. New cost targets 
had a long-term contract. The Salt River | sions to the Morenci ($44 million) and | were set at or below 60 cents per pound. 

Project board voted in July to increase | Tyrone ($20.5 million) solvent-extraction 

Cyprus Miami’s fuel cost adjustment fac- | and electrowinning (SX-EW) plants were | Industry Restructuring, Investments, 
tor, causing it to increase by $285,000 per | also completed during the year. Costs at | and Earnings 
month. The fuel cost adjustment factor rose | these plants were reported to be less than 

or fell with the price of fuel. The electrical | 30 cents per pound of copper. The corpora- U.S. copper mining companies continued 

contract was negotiated before Inspiration | tion’s average production costs for copper | to report record profits during the year. 

built the electric furnace at its smelter to | in 1989 were reported to be marginally | Ownership changes and company restruc- 
comply with air quality standards? higher than those of 1988 largely because | turing continued. With more money 
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TABLE 3 

ESTIMATED PRODUCTION COSTS AT PRODUCING COPPER MINES" | 
(January 1989 U.S. dollars per pound of refined copper) 

a 
Number of Mine Mill Smelter _—_ (Less) Net . Cash Recovery Total 
mines operating. operating refinery byproduct operating Taxes‘ costs of production 

cost cost? cost? credit cost capital cost* 

Production costs:° 

Australia 3 $0.34 $0.15 $0.20 $0.17 . $0.51 — $0.51 $0.09 $0.60 

Canada’ 17 .33 .30 37 .63 .36 — 37 13 2 | 

Chile | 7 7 17 18 .09 .06 37 $0.01 38 .O5 .43 

Peru 5 23 25 25 .07 .65 .02 .67 .14 81 

Philippines 7 .32 .40 .26 42 6 .04 .60 10 1 

United States 17 17 .28 18 1 2 .O1 34 .06 .60 

Zaire 4 27 14 25 29 37 .O1 38 .03 41 

Zambia 9 44 | 38 31 .09 1.04 11 1.14 .07 1.22 

_Other 40 _30 29 _ 30 __ 36 53 OF SSL 76 
___Total or average 109 _25 2600 2 BS _-63 
Life-of-the-mine production costs:® | 

Australia 3 $0.55 $0.26 $0.25 $0.40 $0.66 — $0.66 $0.09 $0.75 

Canada’ 17 .30 .28 33 1 .40 — .40 13 3 

Chile 7 19 24 _ .08 .06 .46 $0.01 47 .05 2 

Peru 5 18 .26 33 21 36 .O1 7 14 71 

Philippines 7 .26 34 .26 24 .63 .03 .66 10 77 

United States 17 17 27 18 .09 3 .O1 54 .06 .60 

Zaire 4 27 14 .22 22 .40 01 41 .03 45 

Zambia 9 49 .37 31 .09 1.08 11 1.18 .07 1.25 

Other 40 _ 31 _38 _-30 _38 60 _ 02 OR _-20 _-82 
Total or average 109 25 .28 .20 19 4 .02 36 .09 65 

‘Data may not add to totals shown because of independent rounding. | . 

2Includes copper recovery by leaching. 

3Includes cost of transportation and cost of byproduct and coproduct smelting. 

‘Taxes and production costs are at a zero percent rate of return and do not include State or Federal revenue based taxes. 

SAverage over life-of-the-mine capital cost. . . 

‘Based on annual production rates and ore grades for 1989. 

TIncludes INCO’s and Falconbridge’s Sudbury nickel-copper operations. . 

Based on life-of-the-mine production rates and ore grades. Does not necessarily reflect 1989 operating grade and production. 

Source: Bureau of Mines, Minerals Availability System (MAS) cost analysis. Prepared by Kenneth Porter. | 

available, interests shifted toward reinvest- | with financing to come from company | goals set by Metall. It was announced that 
ment, expansion, opening of closed mines, | funds. Asarco acquired a 49.9% interest in | the Copper Range name, which originated 
and renewed exploration efforts. Phelps | Montana Resources Inc., a partnership that | in 1899, would be retained to preserve the 
Dodge, the largest producer, reported a net | owned and operated the Continental East | historical significance of the company. 
income of $267 million, including a write- | Mine in Montana, for $100 million and pur- | Copper Range became the first wholly 
down in the fourth quarter of certain non- | chased the Pima, AZ, mill for about $6 | owned mining operation of Metall, which 
producing assets. The assessed valuation of | million. Asarco also acquired a significant | also held minority interests in several Cana- 
Operating copper mines in Arizona | share in Mexicana de Cobre S.A. through | dian and Papua New Guinea operations. 
reportedly increased 43% compared with | its 34% share of Mexico Desarrollo In- | Metall Mining’s parent company, 
1988, to more than $860 million.'” dustrial Minero S.A. de C:V. (MEDIMSA). | Metallgesellschaft AG, based in the Federal 
Asarco reported an operating income of | MEDIMSA acquired Mexicana de Cobre | Republic of Germany, retained a 62% in- 

$206 million from the sales of copper. Over | for $1.36 billion. terest in the Toronto company. - 
the past 4 years, Asarco concentrated on In May, Metall Mining Corp. of Toron- Cyprus Mineral’s record earnings of 
acquisition and ore reserve development to | to purchased the Copper Range Co. for $83 | $250 million after taxes was more than the 
shift from being a custom smelter and | million. Each of the 1,000 workers receiv- | combined earnings of the past 3 years, 
refiner for others to being a fully integrated | ed about $65,000 for their shares in the | largely as a result of increased copper pro- 
producer. In 1989, the company announc- | company. In addition, each employee will | duction and higher prices. Since the July 
ed a $270 million project to expand pro- | gain an additional $18 per share if the mine | 1985 spinoff from Amoco Minerals Co., 
duction at Mission and Ray Mines by 40% | meets the 5-year production and efficiency | Cyprus had made more than 20 acquisi- 
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tions, including coal, copper, lithium, | Bureau received a report about high con- | and numerous other parties were respon- 
molybdenum, talc, and silver mines. Ear- | centrations of metals in water from seepage | sible, under CERCLA, for correction of 
ly in 1989, Cyprus acquired the Warren- | at a tailings impoundment site at Asarco’s | hazardous substance releases at the follow- 
ton Refining Co., a Missouri producer of | mine near Troy. A local environmental | ing locations on the dates indicated: The 
copper ingot and wirebar from scrap. By | group reported an average of 0.0036% cop- | Commencement Bay area in Tacoma, WA 
yearend, Cyprus had made arrangements | per in water at several sites.!3 Atlantic | (1982); Pitcher Mining Field in Oklahoma 
to purchase MCR Product Co.’s copper rod | Richfield Co. (ARCO) filed a motion in the | (1982); YAK drainage tunnel in Leadville, , 
mill in Chicago, IL. U.S. District Court protesting the limitless | CO (1983); the Tacoma Smelter site (1984); 

Rio Tinto Zinc (RTZ) Corp. completed | cost responsibility for cleaning mine and | southeastern Cherokee Co. in Kansas 
its acquisition of British Petroleum PLC’s | smelter wastes located between Butte and | (1985); the East Helena Smelter (1987); and 
(BP) minerals group for $3.6 billion on June | Milltown Dam, just east of Missoula. | the Ruston, WA, area (1988). In 1987, part 
30, 1989. The name Kennecott Corp. was | ARCO wanted the court to dismiss a | ofan Asarco subsidiary’s (Federated Metals 
restored as the official title of the proper- | Federal lawsuit filed last June by the En- | Co.) former scrap processing plant in 
ties. The primary asset of Kennecott was its | vironmental Protection Agency (EPA) to | Houston was listed on the Texas Superfund 
Utah Copper Corp. Bingham Canyon Cop- | recover $6.3 million spent replacing the | Registry. Asarco was also involved in litiga- 
per mine, smelter, and refinery in Utah. In | arsenic-polluted water supply at Milltown, | tion under CERCLA and State law involv- 
1989, Kennecott’s expenditures were $200 | relocating families at Mill Creek, and | ing alleged hazardous substance releases at 
million, of which $76 million was spent at | demolishing the Anaconda Smelter. ARCO | the company’s former Perth Amboy, NJ, 
Utah Copper. Plans for a second $227 | reportedly had spent about $20 million in | smelter site and at its Globe Plant in 
million construction project at Bingham Ca- | reclamation costs in Montana, mostly in | Denver, CO. Asarco had established finan- 
nyon were announced. Construction was to | the Butte area. The 6-year, $25 million | cial reserves for these programs, spending 
begin in June 1990, with completion | cleanup of the site, which stretched from | $13.4 million in 1989, $13.7 million in 1988, 
scheduled for the last half of 1992. Silver Bow Creek in Butte to Milltown | and $19.2 million in 1987 on environmen- 
Magma had a record net income of $58.5 | Reservoir near Missoula, was considered | tal compliance. Asarco had spent more than 

million. Earnings were stronger because of | to be the country’s largest and among the | $12 million to clean up the Tacoma, WA, 
lower labor costs and higher copper prices. | most controversial of the Superfund | smelter since it closed in 1985. The demoli- 
Magma’s earnings included a $3.5 million | cleanup efforts. tion of the 565-foot-tall stack was expected | 
pretax write-down of assets in the fourth Late in the year, Cyprus protested the | to cost about $3 million. Because of the 
quarter, related to the closure of the com- | proposed inclusion of two tracts, the Up- | contaminants, EPA had declared the 
pany’s MCR Products’ rod casting facility | per and Lower Burro Creek, into the | smelter site a Federal Superfund Site for 
in Chicago, IL. A change in sales strategy | Arizona wilderness system. Withdrawal of | cleanup, one of 36 in the Pacific Northwest. 
toward increased cathode sales resulted in | these two areas from development would 
just 53% of Magma’s 1989 production be- | have a significant impact on its $24 million | —-TTYYSNVSY_——_ 
ing sold as rod, compared with 93% in | expansion project and drastically reduce PRODUCTION | 
1988. Of equal importance was the change | the Bagdad Mine’s projected 30-year life. | — OCS 
in arrangements for procuring smelter | The New Mexico State Environmental Im- Mine Production and Reserves 
feedstock, which now would include in- | provement Div. approved the Cyprus plan, 
creased toll and purchased concentrates. | estimated to cost $1 million, for revamp- Copper was mined in 13 States during 
The company was restructured into four | ing and reopening the Deming concen- | 1989, with Arizona maintaining its lead 
operating divisions: the San Manuel Min- | trator. Originally built as a custom concen- | with 60% of the total, followed by New 
ing Div., Pinto Valley Mining Div., | trator for small regional mines, the plant | Mexico and Utah. There were 68 copper- 
Superior Mining Div., and the Smelting | also treated lead-zinc ores from the old | producing mines, up from 65 mines in 
and Refining Div. Groundhog Mine. The plant was to be used | 1988. Of these, 22 were copper mines, and 

Plexus Resource Corp., in a property ex- | for processing Pinos Altos ores.'4 Accor- | 46 were mines from which copper was pro- 
change with Cyprus Minerals acquired the | ding to the company annual report, Cyprus | duced as a byproduct or coproduct of gold, 
rights to the Bornite Project, a copper-gold- | spent more than $28 million on en- | lead, silver, or zinc. Total U.S. operating 
silver property about 45 miles east of | vironmental protection measures in 1989. | mine capacity, in terms of recoverable cop- 
Salem, OR. Cyprus acquired the rights to The U.S. Forest Service awarded a $3.1 | per per year, was estimated to be 1.79 
develop the Lyon property in Nevada, as | million contract to a Port Angeles, WA, | million tons in 1989, compared with 1.62 
well as a 2% share of the net proceeds from | firm for cleanup of 8 million tons of tail- | million tons in 1988. The increase was 
Bornite. Rio Gold Mining Ltd., a Cana- | ings at Holden, WA. The tailings covered | largely the result of improvements at 
dian company, acquired the Hillsboro- | a large part of the valley near Holden | operating mines, although some new mines 
Copper Flat Mine in New Mexico from In- | Village, about 12 miles above Lake Chelan. | were brought on-stream during the year. 
spiration Development Co., the owner, and | The Holden Mine, the only major copper | Annual SX-EW capacity was expanded by 
from Cobb Resources Inc., the lessee. producer in Washington at the time, clos- | about 50,000 tons to 358,000 tons and by 

ed in late 1956 because of poor markets. | 1992 was expected to reach 434,000 tons. 
Mine Environmental Issues Some companies’ reserves were 

Smelter Environmental Issues reevaluated in light of higher copper prices, 
| Several sites in Montana continued to be and the mill-head grade decreased at some 

the focus of environmental concern during According to the company annual report, | mines as lower graded ore became 
the year. The Montana Water Quality | Asarco received notice from EPA that it | economic to mine. 
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As a result of sustained higher copper | dismantled and sold. Once financing of the | Mining and Noranda sought $150 million 

prices, interest was being shown in reopen- | $37 million project was secured, the mine | to further finance exploration and develop- 

ing several long-closed U.S. copper mines. | was expected to be commissioned within | ment of the Montanore, MT, property, 
Among those planned for production were | 1 year. Production was expected to be about | which was expected to be in production by 
the Centennial No. 6 Mine near Kearsarge, | 18,000 tons of copper, 12,000 ounces of | 1992. Western World Mining Co. had peti- 
MI; the Continental and Copper Flat Mines | gold, 300,000 ounces of silver, and 386 | tioned the planning commission of Yuba 
in New Mexico; an SX-EW project at the | tons of molybdenum per year. At a cutoff | County, CA, for a permit to operate a cop- 
Yerrington Mine in Nevada; several small | grade of 0.25% copper, a minable reserve | per mine in Big Oak Valley. Mine plans 
mines near Butte, MT; and the Superior | of 48 million tons averaging 0.45% copper | called for the open pit removal of 1.4 
Mine, the Oracle Ridge copper-silver pro- | was reported. million tons of copper-zinc ore, averaging 

perty, the Johnson Camp Mine, and the An $8 million loan with Chemical Bank | 2% copper, over a 6-year period. However, 
Emerald Isle Project, all in Arizona. A ten- | of New York was approved for Michcan to | local public opposition prevented the per- 
tative agreement was reached for the restart | reopen the Centennial No. 6 Mine in | mit from being granted. The project had 
of the Arbiter electrowinning plant in Mon- | Michigan. Michcan, a group of investors | been started in 1971 by Superior Oil Co. 
tana. Anaconda Enviro-Refining Co. | that included Peninsula Copper Industries | Plexus Resource Corp. planned to expedite 
planned to convert copper and other metal | (PCI) of Hubbell, MI, also received a | development of the Bornite Project, OR. 
concentrates into finished metals at the | $350,000 loan to assist in dewatering the | The deposit was estimated to contain 2.54 
Arbiter plant. 5,000-foot mine shaft. PCI produced | million tons of ore grading 2.49% copper 

Cyprus signed a letter of intent with | copper oxide, which was used in wood | ina bornite-rich breccia pipe, extending to 
Sharon Steel Corp. in August to consider | preservatives and automobile safety airbag | a depth of 800 feet. 
a joint venture at the Continental Mine in | propellants. The 4,000 tons per year pro- RTZ indicated that development of Ken- 
New Mexico after it had completed | duction from the Centennial Mine would | necott’s North Ore Shoot Extension in Utah 
evaluating the geology, assets, and ac- | be used for copper oxide production. Cop- | could begin in 1990. The deposit contain- 
counts. Production would be limited to the | per oxide production was to be expanded | ed a minable reserve of 11.2 million tons 
open pit mine at first, which had a | from 8 to 11.5 million pounds annually. PCI | of ore grading 2.9% copper within a 
4,500-ton-per-day concentrator. The | held 29.5% of Michcan, with American | resource of 118.5 million tons of ore. Pro- 
underground mine and its 2,700-ton-per- | Chemet Inc. and a New York investment | duction at the annual rate of 25,000 tons 
day concentrator would not be operated. In | group holding the rest. of copper and 31,000 ounces of gold could 

| addition, the nearby Hanover Mountain In addition to reopening older mines, in- | begin as early as 1993. The company’s 

deposit was reported to have reserves of 9 | creased interest also was shown in explora- | Flambeau deposit in Wisconsin was sched- 
million tons of mixed oxide and sulfide | tion for and development of new projects. | uled to commence production in 1992. 
mineralization that averaged 0.63% copper. | Exploration expenditures were increased by Expansions at established operating 
Portions of this property reportedly could | Phelps Dodge, which reported spending $50 | mines also continued during the year. 
be used for leaching and SX-EW recovery.'5 | million on exploration, advanced mine | Asarco announced a 3-year expansion pro- 
Magma approved a plan for the | evaluations, research, and development. | gram to improve its mining, milling, and 

rehabilitation of the Superior Mine, AZ, | Nearly 80% of the 1989 exploration expen- | smelting capacity. At the Ray Mine, about 
which closed in 1982 because of low cop- | ditures were in the United States with em- | $130 million would be spent to install an 
per prices. Expenditures for this project | phasis on copper, mixed base metal sulfides, | in-pit crusher and new mill and concen- 
were expected to be $12 million, with pro- | and precious metals. In addition to its ac- | trator. An 18-mile pipeline was to be built 
duction at the rate of 12,700 tons per year | quisitions program, Cyprus also expanded | to pump slurry from the new mill to tail- 
scheduled for late 1990. The mine life was | its exploration efforts in 1989 to include cop- | ings ponds. Asarco estimated that output 
estimated to be about 8 years. The mine | per with funds increased to $15.2 million, | at Ray would be boosted by about 20,000 
was about 1 mile deep and had been flood- | up $7 million over that of 1987. Exploration | tons of ore per day. The entire plan would 
ed to about 3,000 feet. In addition, two pro- | efforts were conducted in Australia, Canada, | boost Ray Mine output by 37,000 tons of 
mising vein structures to the south of the | Chile, Mexico, New Zealand, and the | copper per year. The Pima mill and con- 
present workings were being explored. The | United States. Cyprus Northshore Mining | centrator would be reopened and refurbish- 

“new project would require a new shaft and | Corp. was exploring the former Minnamax | ed for about $94 million. 
concentrator. In 1989, Magma resumed | copper-nickel property adjacent to its Bab- Cyprus reported total copper production 
development of a small part of the | bit taconite mine. The property was partially | of about 270,000 tons in 1989.6 With a $21 
Kalamazoo ore body, which had been | developed in the 1970’s by Amax Inc. with | million expansion at the Bagdad Mine, the 
suspended during the fourth quarter of | shaft sinking and underground work. company production target was 295,000 tons 
1988. The company planned to mine at the Chevron Minerals Co. was reported to | in 1990. Bagdad was to be expanded by 10% 
2,950-foot level using high-performance | have sold the Bald Mountain Mine in | to 104,000 tons of copper in concentrate per 
work teams for cost reduction. Ore produc- | Maine to Boliden International Mining. | year by adding a fifth grinding line. Cyprus’ 
tion from this section of the mine was ex- | Ore reserves at Bald Mountain were suffi- | ore reserves (table 4) were based on a long- 
pected to begin in the third quarter of 1990. | cient to support a 15-year mining operation. | term copper price projection of 75 cents per 

Rio Gold Mining Ltd., a new company | Two mining companies, Crown Butte | pound and reevaluation of Bagdad ores. This 

from British Columbia with headquarters | Mines Inc. and Noranda Minerals Corp. | was offset in part by the reclassification 

in Denver, CO, announced intention of | reportedly were considering the develop- | of Twin Butte’s reserves from copper to 
reopening the Copper Flat Mine, NM, | ment of a copper and gold mine located 2: | cooper-molybdenum reserves, according to 
which closed in 1982; and the mill was | miles north of Yellowstone Park. Sunshine | the company annual report. 
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| : TABLE 4 

MAJOR U.S. COPPER-PRODUCING COMPANY RESERVES IN 1989 

Percent a Company Deposit and 

Company and deposit | ownership . ( honen d Percent corn oa hows ‘tons percent of 

metric tons) COPPST metric tons) copper grand total 

Cyprus Minerals Co.! | 

Copper deposits 100.0 | 891,853 0.44 — 3,924 3,924 11.0 

Copper-molybdenum deposits 100.0 504,123 34 1,714 1,714 4.8 

| Total reserves 1,395,976 40 5,638 | 5,638 15.8 

ASARCO Incorporated? —_ a a _ 

Copper deposits: | 

Mission Complex, AZ 100.0 | 302,060 .67 2,024 _ 2,024 5.7 

Ray, AZ 100.0 582,458 .69 4,019 4,019 11.3 

Silver Bell, AZ 100.0 91,938 47 432 | 432 1.2 

Continental, MT 49.9 — 380,972 .28 1,067 532 1.5 

Total copper deposits 1,357,428 56 7,542 7,007 19.6 

Byproduct deposits: —_ a a i 

Coeur, ID 50.0 339 .83 3 2 @) 

Galena, ID 37.55 1,067 54 6 2 (3) 

Troy, MT 75.0 21,334 .70 149 112 0.3 

Leadville, CO 50.0 ‘709 18 1 1 (3) 

West Fork, MO 100.0 8,303 .04 3 3 (°) 

Total byproduct deposits 31,752 51 162 119 : 3 

Total reserves , 1,389,180 55 7,704 7,126 19.9 

Phelps Dodge Corp.* | a a i 

Morenci, AZ 85.0 641,540 .79 5,068 4,308 12.1 

Chino, NM 66.7 294,011 | .70 2,058 1,372 | 3.8 | 

Tyrone, NM 100.0 49 ,804 .73 364 364 1.0 

Burro Chief, NM, leach® 100.0 217,724 35 762 762 2.1 

Total reserves 1,203,079 5 8,252 6,806 19.0 
Copper Range Co.3° . —_ a a a 

White Pine, MI 100.0 162,982 1.08 1,760 1,760 4.7 

Contiguous leased | 100.0 17,670 © 1.44 254 254 7 

Total reserves 180,652 1.12 “2,014 2,014 5.4 
Kennecott Corp.® 

Bingham Canyon 100.0 650,452 _-70 4,579 4,579 12.2 

Magma Copper Co.’ i oe a 

Magma Superior 100.0 3,991 5.70 228 228 6 

San Manuel: 

Oxide pit 100.0 38,288 42 160 160 5 

Oxide pit® 100.0 9,524 .89 85 85 2 

In situ leach ores 100.0 234,601 35 828 828 2.3 

. Underground sulfide 100.0 88,555 72 (641 641 1.8 

Underground sulfide® 100.0 128,530 .64 824 824 2.3 

Kalamazoo underground: 

Sulfide reserves 100.0 10,207 ‘2 73 73 2 
Deep sulfide® 100.0 280,903 73 2,056 2,056 5.8 
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TABLE 4—Continued 

MAJOR U.S. COPPER-PRODUCING COMPANY RESERVES IN 1989 

1989 , 

Company and deposi Percent Ge appr coment «= hares 
ompany and deposit ownership (thousand Percent (thousand thousand tons percent of 

metric tons) COPPSt metric tons) copper grand total 

Pinto Valley: 

Dump leach (sulfide) 100.0 353,839 12 414 414 1.2 

Miami tailings leach 100.0 30,557 33 101 101 3 . 

Open pit sulfide 100.0 342,719 .39 1,340 1,340 3.8 

Undeveloped sulfide*® 100.0 | 287,685 _39 1,134 1,134 _ 3 

Total reserves 1,809,399 _.44 7,884 7,884 22.1 . 

Grand total, major companies | XX 6,628,738 55 36,071 34,047 94.4 
XX Not applicable. 

1Source: Cyprus Minerals Co. 1989 Annual Report, p. 44. 

2Source: ASARCO Incorporated 1989 Annual Report, pp. 7, 17. 

3Less than 1/2. 

4Source: Phelps Dodge Corp. 1989 Annual Report, p. 11. 

SSource: Metal Mining Corp. Annual Report 1989, p. 8. 

‘Source: RTZ Corp. Acquisition of BP Minerals Issue, 1989. 

7Source: Magma Copper Co. 1989 10K Report, pp. 17, 18. 

8Additional reserves in and around shaft pillars and in lowest mine levels, not included in stated mine plan in 1989. Active reserves based on 70 cents per pound. Pinto Valley undeveloped reserves are 

peripheral to the current reserves and in the mine plan for beyond 2006 when current reserves are depleted. 

Copper Range expected to spend about | untouched parts of the heavily mined main | from other mines were roasted before treat- 
$30 million on larger scale replacement | Lexington vein in Butte, MT. New Butte | ment in a vat-leach, SX-EW system. Nine 
equipment that would boost the copper pro- | was operating under a small-miners exclu- | primary plants, including the Lakeshore 
duction to about 60,000 tons per year over | sion that permitted only a limited (about | roast-leach plant, operated during the year 

the next 3 to 4 years. In addition to im- | 32,600 tons) amount of ore to be mined | with a total capacity of 1.35 million tons 

provements underground, the mill was to | each year. Once the Montana Department | of copper. Five secondary smelters 
be expanded. of State Lands approved its mining permit, | operated with a combined capacity of 

Kennecott redefined the Bingham Canyon | the company planned to expand produc- | 416,000 tons of copper anode. 

reserves to incorporate lower grade material | tion. After the Missoula Horsetails and | | Asarco announced plans to retrofit its El 

and announced plans to increase production | Chief Joseph vein systems, the Gray Rock | Paso reverberatory furnaces with Contop 

by about 32,000 tons of ore per day. The | area was to be the next production site. | flash smelting units at a cost of $30 million. 

new project included an expansion of the In 1989, Phelps Dodge invested $217.4 | The retrofit was expected to improve sulfur 

coarse ore stockpile facility, addition of a | million in copper mining expansion and | capture, improve quality of sulfuric acid 
fourth grinding line, a new flotation circuit | improvement projects. About $112 million | recovered, and reduce production costs by 
with 21 3,000-cubic-foot flotation cells, ex- | was allocated to the expansion of the | about 17%. At its Hayden, AZ, plant, 
pansion of the molybdenum plant at the | Morenci, AZ, SX-EW operations. New | Asarco installed a new electric slag clean- 
Copperton concentrator, and installation of | capacity of 63,500 tons per year was to | ing furnace in the third quarter. 

a fourth filter press at the smelter. As a | come on-stream in mid-1991. The expan- | A flashback at Cyprus’ Miami, AZ, 

result, mill capacity would increase from | sion also involved development of the | smelter occurred in September, closing the 
70,000 tons to 102,000 tons of ore per day, | Northwest Extension adjacent to the | smelter for 2 weeks and injuring one 
in addition to the ore that continued to be | Morenci Mine. A $48 million, in-pit | worker. Cyprus settled a concentrate con- 
processed through the older Bonneville and | crushing and conveying project was com- | tract dispute with Magma and entered into 

Magna concentrators. Total copper produc- | pleted during the year. According to the | a new smelting and refining agreement. The 

| tion would be about 245,000 tons per year. | company annual report, Phelps Dodge had | Magma smelter, Cyprus’ Miami smelter, 

Magma completed its expansion of Pin- | a record production of 534,967 tons of cop- | and the Casa Grande roast-leach plant were 
to Valley Division’s Miami Unit SX-EW | per from its Morenci, AZ, and Chino and | anticipated to meet Cyprus’ current smelting 
plant. Production began during the year | Tyrone, NM, operations, including 106,322 | needs. In 1989, Cyprus sold 78,000 tons of 
from the tailings leach project associated | tons from electrowinning. concentrates overseas, according to the com- 

with the plant expansion. According to the pany annual report. Copper concentrates 

company annual report, Pinto Valley’s total from Cyprus’ newly refurbished Deming 

production included 260,000 tons of con- Smelter Production mill were to go to the Asarco El Paso 

centrate and 9,500 tons of electrowon cop- smelter for toll smelting. Sales of siliceous 

per cathode. Total U.S. smelting capacity was 1.8 | flux products from the Pinos Altos Mine to 

New Butte Mining PLC conducted | million tons, a slight increase compared | copper smelters in the region would not 
limited underground mining near the | with 1988. Cyprus Lakeshore, AZ, roaster | continue because the flux ore body at Pinos 
Missoula Horsetails, which were relatively | was included. At Lakeshore, concentrates | Altos was depleted during the year.'’ 
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According to the company annual report, | 66,200 tons refined for others. Production | tates, electrolytic refinery solutions, and 
Magma’s smelter treated 853,000 tons of | from the company’s SX-EW plants ac- | spent electroplating solutions. U.S. produc- 
concentrate. In 1989, Magma significantly | counted for 22% of refined cathode pro- | tion of copper sulfate was a little lower than 
increased the amount of purchased concen- | duced, with the San Manuel Div. produc- | in 1988, while imports increased 
trates. The smelter was able to achieve its | ing 77.4% of the SX-EW production. | significantly. In October, Kocide Chemical 
installed capacity of about 1 million tons | Magma operated three SX-EW plants with | Corp. discontinued production of copper 
of concentrate per year. In addition to the | the following capacities: San Manuel ox- | precipitates from in situ leaching at the Van 
new Cyprus concentrate contract of about | ide plant, 68,000 tons per year; Pinto Valley | Dyke property, AZ. Closure reportedly 
272,000 tons per year, Magma also secured | waste leach, 7,260 tons per year; and the | was the result of technical problems, in- 
a 140,000-ton-per-year, multiyear concen- | Miami in situ leach plant, 9,000 tons per | cluding a buildup of soluble iron and 
trate purchase contract with Compania | year. Four new sections were added to the | diminished flow rates. Precipitates had 
Minera de Cananea S.A. of Mexico.!8 San Manuel electrolytic refinery during the | been used for production of copper sulfate 

Texas Copper Corp., a consortium of | year that will enable the plant to produce | at the company’s Casa Grande Plant. Data 
Mitsubishi Metal Corp. (51%) and four | more than 272,000 tons of cathode per year. | supplied by domestic producers for 1989 
other Japanese companies, announced that Magma announced the closure of its | indicated that 64% of their shipments were 
the design capacity of its intended Texas Ci- | MCR Products Co. (Chicago) rod mill as | for agricultural uses, 24% for industrial 
ty smelter would be 182,000 tons per year | of January 1, 1990. The move reflected | uses such as wood preservatives, and 12% 
of copper. The smelter was expected to | basic changes in Magma’s marketing plans. | for water treatment. In agriculture, copper | 
operate on a toll basis with each | Magma was to continue to supply rod from | sulfate was used principally as a fungicide 
shareholder providing concentrates accor- | its San Manuel rod plant, which had a | for treatment of citrus and vegetable crops. 
ding to their percentage of ownership. The | capacity of 164,000 tons of rod per year. 

majority of concentrates was expected to | MCR had a capacity of 127,000 tons per . 
come from South America. About 12,000 | year of rod. | Copper Powder Production 
tons of total copper production was ex- This was the first full year of operation - 

pected to be from scrap. The proximity to | for Phelps Dodge’s 40,000-ton-per year SX- sumpton powder pron neon a as 
the Florida sulfuric acid market and ease | EW plant at the Chino Mine, NM. In | ji, 1988, which was about one-half that of 
of concentrates transport were important December, a 100% expansion of the 1979. Copper powder consumption was 
factors in selecting a gulf coast location. | Morenci, AZ, SX-EW plant was com- highly dependent on the automobile in- 
Construction of the $200 million smelter | pleted, raising the capacity to about 91,000 dustry, which comprised the largest single 
could begin in 1991, depending on the pro- | tons of cathode per year. The company’s end-use market. Copper powder used to 
gress of environmental permitting. Tyrone plant had a capacity of 50,000 tons | manufacture self-lubricating bearings ac- 

per year. The company was anticipating | counted for about 70% of the granular 
Refinery Production SX-EW production to comprise about 50% powder used. Pure copper powder was also 

oo, of its total production over the long run. | {seq in the electrical and electronic in- 
Ten electrolytic, six fire refineries, and Phelps Dodge reported that it was the | guctries. Copper flakes were used for an- 

twelve SX-EW plants were operating at world’s largest producer of copper rod. Its tifouling paints, decorative and protective 
yearend. Increased refinery production | U.S. facilities, located at Norwich, CT, and coatings, and printing inks. Nonstructural 
resulted from the continued expansion at | El Paso, TX, were capable of producing applications included brazing, cold- 
electrowinning plants, startup of the | about 380,000 tons per year of rod. The El soldering, mechanical planting, metals and 
Lakeshore roast-leach process, and elec- | Paso refinery also initiated a $9 million | ,,edaltions metal-plastic decorative pro- 
trolytic refinery expansion at Magma and | modernization program that was to improve ducts such ‘as floor tile and epoxy resins, 
Kennecott facilities. Two secondary plants | production costs. and various chemical and medical applica- 
also expanded capacity during the year. tions. American Metal Market 
Total U.S. refinery capacity at primary and | Copper Sulfate Production commercial-grade copper powder prices 

secondary plants was 2.42 million tons, up Copper sulfate was produced from cop- | ranged from $1.64 to $1.80 per pound, 
by nearly 10% over that of 1988. Of the per scrap, blister copper, copper precipi- | reflecting the higher refined copper prices. 
total, 636,000 tons of capacity was at secon- , , 
dary electrolytic and fire-refining plants. 

At the end of October, the American 
Telephone and Telegraph Co. (AT&T) an- TABLE 5 
nounced that its Nassau Metals Corp. 
operations, including its electrolytic cop- COPPER SULFATE PRODUCERS IN THE UNITED STATES IN 1989 

per refinery and wirerod plant, were for | 
sale. Nassau’s facility, one of the largest Company Plant location 

secondary copper processing plants in the | Gp Chemicals Inc. ~~CSCSS Sewaton, Nand Sumpter, SC 
United States, was constructed in 1978 and Kocide Chemical Corp. =~~S~SC=Cté‘:*”” ssa Ganev AZs=—“‘(S”*<C~*S*tC‘Ct;:*;*S™S! 
provided Western Electric with between Madison Industries Inc. +=~=~OCOCS~*~‘“‘<s<‘“S~sS*~*::S””S SO Bdge, NSS 
40% and 45% of its copper. SS “a= n= 

According to the company annual report, Phe’ps Dodge Corp, CEN Passo, TX 
Magma had a record electrolytic cathode | Southern California Chemical Co. “Santa Fe Springs, CA, Union, IL, Garland, TX. 

production of 243,000 tons, including | Temmessee ChemicalCo. SC Copperill, TN, 
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Granular copper powder can be produced | building construction, industrial machinery | announced its intent to close its 60,000-ton- 

by a number of methods, including | and equipment, and transportation equip- | per-year sheet mill in Ohio. 
atomization, electrolysis, hydrometallurgy, | ment sectors declined by about 2%, 6%, 
and solid-state reduction. and 7%, respectively. According to Cop- | ————______— 

per Development Association, building | PRICES 7 

Sulfuric Acid Production construction was the largest end vse sec=_ |] —<—OONHHYrT_,2SH}Y,_TH-WWT_ 

Sulfuri id duced tor, accounting for 41% of shipments, 
b 5 d ct eco was iin "Se as . followed by electrical and electronic pro- | The average annual price for copper was 
yproduct of copper smeiting. seven COP” | ducts, 24%; industrial machinery and | at a record-high level in 1989. Industry 

per smelters produced a total of 3.1 million ; ; ; 
t f sulfur id: in additi 0 equipment, 13.5%; transportation equip- | stocks remained near the low level 

| ons Of sulturic acid, in adeiiion, § me ment, 11.5%; and consumer and general | established during the second half of 1988. 
sulfuric acid was produced at Cyprus | - ~ 
Lakesh entrate roaster. Copper products, 10%. At the prevailing rates of consumption, 

esnore cone or. PP While demand in most industry sectors | stocks represented only about an 18-day 
Range does not produce sulfuric acid at its : 

was weak, the brass tubing market was | supply. With stocks at such a low level by 
smelter. According to the company annual . : wes ; 

; undergoing restructuring, and several new | historical measure, prices were volatile and 
report, Magma’s new smelter produced . ve . ; 

er plants were announced. Water tubing de- | sensitive to real or perceived changes in 
744,250 tons of sulfuric acid and was large- . . eds . 

. . mand was negatively impacted by the hous- | supply availability. The Commodity Ex- 
ly responsible for the significant increase | . 
ae , ing slump, but demand for thin-walled and | change of New York (COMEX) spot price 
in acid production over that of 1988. About | . . 
780.000 t din M °s leach inner-grooved copper tubing used in air- | fell by almost 10 cents per pound over a 

ULE Ons was Uses in Magma s ta | conditioning and refrigeration was strong | 2-day period in March. The decline coin- 
operations and 464,000 tons was sold. ; , Le age 
M rted that th it fur and supply was tight. At least two major | cided with economic indicators showing a 
nal he ° 97 of f the sme te ifn FS | domestic air-conditioning manufacturers | potential softness in the market, a rise in 

greater than 7/7 OF the mpur suMnur. who switched to aluminum reversed their | exchange stocks, and cancellation of a 
_s},sépo ition and returned to copper tubing. A | planned 3-day strike in Peru. On average, 
CONSUMPTION decline in imported air-conditioning units | prices declined throughout the first 7 

ss and a decline in imported tube boosted de- | months of the year, having reached record 
mand for domestically produced air- | levels in December 1988. 

U.S. apparent and reported demand for | conditioning tube. Domestic mills an- Copper prices rose during the third 
copper, which trended upward since 1983, | nounced a series of expansions to boost | quarter. The COMEX spot price peaked at 
were essentially unchanged in 1989. | their production of air-conditioning and | $1.42 per pound in mid-September. The 
However, the trend for an increasing | refrigeration tube. Kobe Copper Products | price rise coincided with strong industry 
domestic self-sufficiency for copper con- | Inc. announced plans to boost air- | demand, a decline in COMEX< stocks, and 
tinued. Domestic production of primary | conditioning and refrigeration tube capacity | the announcement of an additional produc- 
refined copper and copper recovered from | from 400 tons per month to 1,000 tons per | tion setback in Chile: To insure an orderly 
old scrap accounted for about 93% of | month at its Pine Hall, NC, plant. The | expiration of its September copper con- 
domestic demand. Imports of brass mill | plant, adjacent to Halstead Industries’ tube | tracts, COMEX raised its margin require- 
products, as reported by the CBFC, declin- | mill, was a joint venture among Kobe Steel, | ment for all September contracts to 100% 
ed by 7%. Oe Halstead, and three other Japanese com- | of their value. A slight increase in refined 

Refined copper or directly melted scrap | panies. American Brass increased capaci- | copper inventories, uncertainties about sus- 
was consumed at about 20 wire-rod mills, | ty at its Franklin, KY, plant to 30,000 tons | taining the strong demand for copper, and 
40 brass mills, and more than 1,000 found- | per year, and Wolverine Tube was con- | the prospect for increased primary produc- 
ries, chemical plants, and miscellaneous | structing a new redraw mill at Booneville, | tion in 1990 contributed to a fourth quarter 
manufacturers. According to Bureau of | MO. Cerro Copper Products, which com- | decline in prices. Yearend prices were at 
Mines estimates, 72% of the copper, as a | pleted a second expansion of its redraw | the lowest point of the year. 
percentage of apparent consumption, was | capacity in Selbina, MO, announced plans December 27 was the last trading day for 
consumed in electrical applications; 15% | to build a new fully integrated tube plant. | the standard-grade copper contract on the 
in construction; 6% in machinery; 3% Several other expansions or new plants | COMEX. Beginning January 1990, only 
each in transportation and miscellaneous | were announced during the year. PMX In- | the high-grade contract, first introduced in 
uses; and 1% in ordnance. Copper used in | dustries, a subsidiary of Poongsan Corp. | July 1988, was traded. COMEX delisted 
electrical wiring and devices in all end | of the Republic of Korea, announced plans | the remaining inventory of standard-grade 
uses, except ordnance, was included under | to open an 80,000-ton-per-year sheet mill | copper, causing reported stocks between 
electrical applications. in Cedar Rapids, IA. Some of the plant | the end of December and the beginning of 

| Although demand for unwrought copper | equipment was to be purchased from | January to decline by 7,000 tons. Standard- 
(refined plus direct-melt scrap) was stag- | Canada’s Arrowhead Metals, which closed | grade stocks were expected to be 
nant, demand for copper semifabricates | its brass mill during the year. Other an- | withdrawn from warehouses by contract 
declined. According to Copper Develop- | nounced plant expansions included Plume | holders during the first half of 1990. Prices 
ment Association estimates, mill shipments | and Atwood’s Connecticut mill and MRM | on COMEX remained in backwardation 
to domestic markets declined by about 3%. | Industries, who relocated expanded | during most of the year with forward con- 
Much of the decline in total shipments was | facilities from Connecticut to Sikeston, | tracts trading at a discount to spot pur- 
accounted for by a decline in imports of | MO. North Coast Brass and Copper, | chases. A normal or contango market, 
brass mill products. Shipments to the | formerly Chase Brass and Copper Co., | where forward contracts sell at a premium 
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to spot purchases, briefly returned in July | anticipated production at prices that averag- | was attributed to strong domestic and ex- 
and August for 3-month forward contracts. | ed $1.02 per pound over 1990 and 1991. | port demand for sheet products; in France 
Copper prices were at the low point for the | Similarly, Copper Range sold forward con- | to strong domestic and export demand for 
year. However, 12-month forward contracts | tracts covering 45,000 tons of copper at a | wire mill products; and in Italy and Spain 
remained in backwardation throughout the | minimum average price of $1.00 per pound | to a boom in construction demand for wire, 
year. The market backwardation was at- | for 1990 and $0.98 per pound for 1991, ac- | tube, and sheeting. In Asia, an overall de- 
tributed to industry expectation that new | cording to Metall Mining’s annual report. | mand increase of about 10% was fueled by 

_ | primary copper production would lead to | strong demand in Japan and Taiwan. In 
supply surplus and lower prices. SSS | Japan, increased consumption resulted 

Producer prices for refined copper close- | WORLD REVIEW from a boom in construction and domestic 
ly tracked that of COMEX prices, because | —_——~—~—~—~SCS<~;«;«T«<CS«SFSFSFSFSFST~dSXY:s atitomotive and consumer electronic con- | 
domestic producers had adopted a sumption. Demand in Taiwan increased 
COMEX-based pricing system. Producer | . Despite an increase in world refined pro- along with increased exports. 
premiums to COMEX ranged between 4 duction, the close balance between the 

and 5 cents per pound throughout the year, | S4UPPly and demand for refined copper that 
but generally declined slightly with lower | Prevailed during 1988 continued throughout Supply Disruptions.—Though world | 
prices. Though copper scrap prices | 1989. World consumption kept pace with | wine and refined production increased, an 
generally tracked refined copper prices up | he growth in production, and total stocks anticipated copper surplus failed to 
and down, the spread in price between | °f refined copper changed only slightly | materialize owing to sustained strong de- 
refined prices and scrap prices was more | throughout the year. However, with stocks | mand and significant disruptions to produc- 
of an inverse relationship. High prices for | *@Presenting only 4 to 5 weeks of supply, | tion. In January, an explosion at Corpora- 
refined copper generally attracted more | ©Xtremely low by historical standards, the | cion Nacional del Cobre de Chile’s 
scrap to the marketplace, depressing its | Price of refined copper was sensitive to | (CQDELCO-Chile) new flash smelter at 
price relative to refined prices. For exam- | ©V€8 small changes in availability. Though | Chuquicamata, resulted in an estimated 
ple, during the September price surge, the | tal estimated world stocks remained un- | 49999 tons of lost production. In 
spread between the price refineries paid for | Changed during the first quarter, commodi- | sentember, CODELCO-Chile suffered a 
No. 1 copper scrap and the producer price | tY €xchange stocks rose by more than 50%. | month-long setback at its El Teniente 
for refined copper was more than 20 cents | Coincidentally, copper prices declined | underground mine, where a landslide cut 
per pound. This narrowed to only about 13 | Steadily during the first half of 1989. Prices | production by about 25%. Repeated acts 
cents at yearend. Thus, when prices rose, | ad risen to historic high levels in | of sabotage throughout the first half of the 
processing margins increased for second- | December 1988. In addition, several | ear Jed to production curtailments at the 
ary smelters and for brass mills, who ad- | 4Sruptions to the production of primary | 179 000-ton-per-year Bougainville mine in 
justed product prices to reflect the refined | COPPer which had threatened availability | panua New Guinea. Bougainville Copper 
value of contained copper. during the traditional yearend 1988 buying | imposed a force majeure on June shipments 

Though the average annual delivered | S°@80n, were resolved during the first | oF concentrates following closure of the 
producer price for copper cathode, as | arter of 1989. A renewed price rise dur- | ine in mid-May. At yearend, the mine re- 
reported by Metals Week, was $1.31 per | 8 the third quarter of 1989 coincided with | mained shuttered and near-term prospects 
pound, the price realized by producers | Song industry demand and additional | fo, reopening the mine were poor. In June, 
varied depending on their pricing, delivery | “Stuptions to supply. Prices declined to the | 4 3 week strike at the Metallurgie 
charges, and sales policies. The average | lowest levels of the year when both ex- | Hoboken-Overpelt S.A. (MHO) Olen 
price realized by Asarco for the year was | Change and industry inventories rose slight- | refinery in Belgium led both MHO and La 
$1.28 per pound, compared with $1.17 in | IY and some supply disruptions were | Générale des Carriéres et des Mines du 
1988, according to the company annual settled. Zaire (Gecamines) to declare a force ma- 
report. Magma, on the other hand, jeure on shipments. Gecamines had a toll 
reported average sales prices of $1.22 and | Industry Structure refining agreement with MHO. A 107-day 
$1.14 for 1989 and 1988, respectively, in its strike at Highland Valley, Canada’s largest 
annual report. Some of the realized price Consumption.—While total world con- | copper producer, began in July and also led 
difference between the two companies was | sumption of refined copper rose, consump- | to declaration of a force majeure. The strike 
ascribed to guaranteed forward sales con- | tion in the United States remained at about | resulted in the loss of about 56,000 tons of 
tracts made the previous year by Magma | the same level. Weak demand in Canada | copper in concentrate compared with 1988 
in anticipation of lower copper prices. | from the depressed U.S. automobile market | production. 
Cyprus, which reported a 1989 realized | and the closure of a major Canadian brass The Government of Mexico, failing in its 
price of $1.27 per pound, implemented | mill was balanced by increased Mexican | attempt to sell its interest in Cia Minera de 
price protection strategies in 1989 in the ad- | demand. The increase in Mexican demand | Cananea S.A. to private investors, declared 
vent of a decline in copper prices. About | was ascribed to an overall economic | Cananea to be bankrupt and, on August 20, 
30% of Cyprus’ anticipated 1990 produc- | recovery. Demand for refined copper in | shut down the mine and dismissed the 
tion was reportedly sold forward at prices | Europe, according to the World Bureau of | workers. It was not until the end of October 
ranging from $0.80 to $1.00 per pound. | Metal Statistics, rose by about 4%, buoyed | that an agreement was reached with the 
Magma entered into contracts to supply | by strong demand in France, the Federal | unions to allow the reopening of the mine. 
cathode to fabricators in Asia, selling for- | Republic of Germany, Italy, and Spain. The | The agreement called for a 25% reduction 
ward about one-third of the company’s | growth in the Federal Republic of Germany | in the work force and a 33% increase in 
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wages for remaining employees. Though | Samatosum silver-zinc-copper mine in | expected to be 320,000 tons of copper per 
less severe than the previous year, strikes | British Columbia. Noranda reopened the | year in concentrates. Exxon Minerals In- 
continued to impact Peruvian production. | Gaspe Mine, closed in 1987 owing to a ma- | ternational Inc. signed an investment agree- 
Production by Centromin in Peru was af- | jor underground fire. Other reopened | ment with the Chilean Government that in- 
fected by strikes in February and sabotage | mines included the Mobrun Mine, the | cluded $400 million for expansion of its 
in July. A nationwide strike by the National | Shebandowan nickel-copper mine, the | Los Bronces Mine from 49,000 tons of cop- 

_ | Federation of Mining Unions closed | Heath Steele and adjacent Stratmat zinc- | per per year to 130,000 tons per year by 
Southern Peru Copper Company’s (SPCC) | lead-copper mines, and the Callinan zinc- | 1992. Other smaller projects that were 
Toquepala and Cuajone Mines in August, | copper mine at Flin Flon. In addition to | underway included the joint development 
as well as Minero Peru’s Ilo refinery and | the above new or reopened projects, steps | of the 40,000-ton-per-year Quebrada Blan- 
Cerro Verde Mine. were taken to extend mine life at the | ca sulfide and oxide leach project by Com- 

In the Philippines, mine production fell | Gibralter Mine, the Similkameen Mine, | inco Resources and ENAMI; the 
by more than 13% compared with 1988. | and BHP-Utah Mines Ltd. open pit on Van- | 20,000-ton-per-year Los Pelambres 
Atlas Consolidated Mining and Develop- | couver Island. With the relocation of the | underground sulfide flotation project own- 
ment reported significant losses because of | former Highmont mill to the Lornex | ed in part by the Midland Bank and 
heavy rains in January, February, and June; | millsite, Highland Valley Copper increas- | Anaconda Chile SA; the 40,000-ton-per- 
typhoons in August; labor problems in the | ed its mill capacity by about 10,000 tons per | year Cerro Zaldivar sulfide flotation pro- 
second half of the year; and disruption of | day.2° ject, acquired by Outokumpu Resources in 
its new underground conveyor system by a Samincor’s Neves Corvo Mine in Por- | 1989; and numerous smaller oxide leaching 
landslide. Water saturation of the mine and | tugal was brought into production early in | projects with a combined capacity in ex- 
a 26-day shutdown of the mill reduced out- | the year, and by yearend, was operating at | cess of 60,000 tons of copper per year. : 
put by Philex Mining Corp. Production by | or near its projected annual capacity of In Indonesia, expansion of Freeport- 
Lepanto Consolidated Mines fell by 50% | 120,000 tons of copper in concentrate. Ore | McMoRan Copper Co.’s mine and concen- 
during the first half of the year owing to | grades at the underground massive-sulfide | trator from 20,000 tons of ore per day to 
closure of its roasting plant. Benguet | mine were reported to average between 8% | 32,000 tons was initiated early in the year. 
Corp.'s Dizon Mines also reported lower | and 11% copper. In Australia, production | In August, further expansion of the 
output for 1989. rose significantly owing to expanded pro- | facilities to 52,000 tons of ore per day was 

duction from the large Olympic Dam | approved. The expansions were to accom- 
Mine Expansions.—Despite setbacks, | copper-uranium-gold project, the Selwyn | modate production from the Grasberg | 

mine production in Chile increased | Mine, and the Horseshoe Lights Mine, all | copper-gold deposit discovered in 1988, 
significantly. CODELCO-Chile invested | of which began production in 1988. Pro- | about 2.5 kilometers from their existing 
$410 million dollars in capital projects, re- | duction also increased from the Gecko | Ertsberg operation. Production from 
sulting in production increasing by 111,000 | copper-gold mine, which reopened in 1988. | Grasberg was to begin in 1990. 
tons to 1,218,000 tons of copper.’ The In Canada, Geddes Resources Ltd. con- 
largest gain was at the Chuquicamata Div. New Mine Projects and Investments.— | tinued exploratory drilling and was propos- 
where a 51,000-ton-ore-per-day concentrator | The sustained high price for copper pro- | ing to develop a 120,000-ton-per-year cop- 
expansion was completed in March. Pro- | jected declines in ore grades and reserves, | per mine on its Windy Craggy property in 
duction at Chuquicamata rose to 660,000 | and a long-term outlook for a copper sup- | the northwestern corner of British Colum- 
tons of copper in 1989. Expansions of smelt- | ply deficit stimulated investments in new | bia. The company reported proven and 
ing, refining, and sulfuric acid plants were | copper production and in expansions of ex- | probable reserves of 114 million tons of ore 
also underway. Production at the Salvador | isting facilities. In Chile, development of | grading 1.9% copper. The company was | 
Div., which began processing relatively | the Sur open pit at Andina began during | proceeding with the environmental permit- 
high-grade slag from the Chuquicamata | 1989, and partial production was expected | ting process. Numerous other Canadian 
smelter, rose by about 50% to 130,000 tons | to begin in 1990. At El Teniente, develop- | deposits, including the Louvicourt 
of copper. In addition, production from the | ment of the Mina Sur and Mina Norte ex- | Township property and the Estrades pro- 
Quebrada “M” open pit, which began dur- | tensions continued. A 2-stage, 24,000-ton- | perty in Quebec, the Duck Pond property 
ing the second half of the year, and an ex- | ore-per-day expansion of the Colon con- | in Newfoundland, the Hanson Lake pro- 
pansion of the Porterillos smelter was par- | centrator was planned for completion in | perty in Saskatchewan, and the Mount 
tially completed. The above gains in pro- | 1991. While production from the State- | Milligan property in British Columbia were 
duction more than offset production | controlled Empresa Nacional de Mineria | being considered for development2! Other 
declines of 7,000 and 26,000 tons at the | (ENAMD) and the private sector only rose | new projects included a 20,000-ton-per- 
Andina and El Teniente Mines, respective- | by a combined 20,000 tons in 1989, | year mine in Burma, mill expansions at 
ly. Andina and El Teniente suffered from | numerous expansions and new mine | RTB Bor’s mines in Yugoslavia scheduled | 
declining ore grades, and El Teniente also | developments were underway, which could | for completion by 1992, and modernization 
suffered severe mine stability problems. | boost non-CODELCO capacity by as much | and expansion of the Erdinet Mine in 

In Canada, eight copper and copper | as 750,000 tons of copper by 1992. Most | Mongolia. 
coproduct mines with a combined annual | notable was La Escondida Mine, where 
capacity of about 75,000 tons of copper | development was running ahead of Smelting and Refining Production.— 
started production during the year. Min- | schedule and under budget. Production | World smelter and refinery production 
nova Inc. began production from its Ansil | startup was now projected for yearend 1990. | during 1989 rose with increased availability 
copper-zinc mine in Quebec and the | The long-term production rate was | of copper concentrates. Refined copper 
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production from scrap, which had increas- | the United States, Mitsubishi announced | estimation is not available or seems inap- 
ed markedly in response to higher prices | plans to retrofit its Naoshima smelter with | propriate in the case of decreased ore 
during 1988, remained high in 1989 at | a new smelter, equal in capacity to its ex- | grades. Generally, the rated capacity is bas- 
about 2 million tons and comprised about | isting two smelting furnaces. In Mexico, | ed on 360 days per year and two to three 
22% of refined copper production. Produc- | startup of the Santa Rosalia smelter was | shifts per day. For new facilities, capacity 
tion increases of secondary refined copper | delayed until 1990 owing to delays in refur- | is prorated for the year in which it started, 
in the United States were tempered by the | bishing the shuttered smelter. In June, | but the full capacity is used for the year 
static secondary recovery in Europe, the | Finland’s Outokumpu Oy and a consortium | in which a facility closes. Mines and plants 
largest producer of refined copper from | of Portuguese companies initiated a | generally are not counted if they are not 
scrap. According to Bureau of Mines | feasibility study on constructing a major | operating at any time during the year, ex- 
estimates, the Western European countries | smelter in Portugal. Other potential sites | cept where it may be reasonably expected 

| produced about 710,000 tons of refined cop- | for new smelters included Brazil and | that a shutdown may be temporary, i.e., 
per from scrap, compared with only | Indonesia. usually less than 2 years. 
540,000 tons for the North American coun- 
tries. The increase in smelter production Capacity TO 
lagged behind that of both mine and OUTLOOK 
refinery production. The expansion of Compared with that of 1988, world mine |  —<“—i—‘“‘<“<;2;]73}W®*#*é<;:;:S:*é‘i‘S™SC!..OC~™ 
world SX-EW production, which bypasses | capacity increased by 6%, smelter capaci- Trends in C ti 
the smelting step, helped to boost primary | ty by 3.3%, and refinery capacity by 1.5%. ends mm onsumpion 
refined production. Copper mine, smelter, and refinery capaci- U.S. demand for refined copper from 

Increased concentrate production, | ty for 1989 is shown in table 6. World | 1950 to 1989 rose an average of 1.3% per 
smelter setbacks, and a decision by | capacity utilization (82%) at mines con- | year and was anticipated to remain less than 
Japanese smelters to maintain their relative- | tinued to be low in 1989 owing to the ex- | 2.3 million tons per year through 1991. 
ly low operating rate led to a surplus of | tensive disruptions at mines, discussed in | World demand increased at about 3.6% per 
copper concentrates. Consequently, treat- | the previous section. Since 1974, average | year over the same period. Demand rates 
ment and refining charges rose significantly | annual world mine production has ranged | for select periods within the 1950-2000 
during the first quarter of the year. A tight | between 79% and 85% of available capaci- | time span have varied significantly, as 
supply of concentrates, which had prevail- | ty, being highest during periods of peak de- | shown in table 7 and in figures 1 and 2. 
ed over the past several years, had led to | mand and low available capacity, such as | Particularly noticeable in the United States 
low treatment and refining charges. Accor- | existed in 1987, a year of high-capacity | are the lower growth rates that have existed 
ding to Commodity Research Unit Ltd. of | (85%) utilization. since 1980. Growth in other countries dur- 
London, United Kingdom, combined spot The data in table 6 are rated annual pro- | ing this same period was more robust, ac- 
treatment and refining charges rose by 45% | duction capacity for mines, smelters, and | counting for the higher 1963-89 average | | 
during the first half of the year to about 29 | refineries as of December 31, 1989. Rated | growth rate of 2.5% per year for market 
cents per pound of copper. However, by | capacity is defined as the maximum quan- | economy countries (MEC). 
yearend, charges had returned to 1988 | tity of product that can be produced in a In general, copper demand is largely 
levels. Disruptions to mine production and | period of time on a normally sustainable | dependent on economic growth. High de- 
increased smelter utilization rates again led | long-term operating rate, based on the | mand for copper products is associated 
to a tight supply in the custom concentrate | physical equipment of the plant, and given | with a high standard of living and increas- 
market. However, refined copper produc- | acceptable routine operating procedures in- | ed electrical uses. The growth of plastics, 
tion was not affected by the return of tight | volving labor, energy, materials, and | fiber-optic cable, and aluminum as com- 
supply. Stocks of concentrate, accrued by | maintenance. Capacity includes both | peting materials continued to impact 
smelters earlier in the year, were able to | operating plants and plants temporarily | several copper markets, but the outlook re- 
supplement new production. closed that, in the judgment of the author, | mains positive for growth in copper con- 

Limited surplus primary smelter capaci- | can be brought into production within a | sumption, which has related historically to 
ty and expanding mine production served | short period of time with minimum capital | industrial growth. In the United States, a 
to stimulate numerous smelter expansion | expenditure. high degree of correlation since 1960 (R? 
plans. In Chile, several smelter projects Capacity at mines represents the poten- | value of 0.90) between the Gross Private 
were being considered at yearend. In ad- | tial copper production contained in concen- | Domestic Investment (GPDI) and the de- 
dition to the ongoing expansion of the Ven- | trates for many producers, but for some | mand for copper in electrical uses indicates 
tanas smelter and refinery, expansion of the | major producers—such as Chile, the | the strong tie between copper demand and 
Paipote smelter was planned, and construc- | United States, and Zambia—it represents | economic growth. 
tion of two new ENAMI smelters was be- | copper recoverable at the smelter level, Copper consumption has been increas- 
ing considered. In the Philippines, the | based on known recovery factors. SX-EW | ing in the electrical sector as a share of end- 
Philippine Associated Smelting and Refin- | capacity is counted as smelter-level capaci- | use markets since 1960, so that in 1989 this 
ing Co. (PASAR) announced plans to ex- | ty only when the material must be further | sector comprised more than 70% of U.S. 
pand its smelter by 34,000 tons per year | refined. Itis otherwise counted as mine and | copper demand. Statistical projections pro- 
to 172,000 tons per year, and in Thailand, | refinery capacity, bypassing the smelter | vided by the Bureau of Mines Branch of 
Padaeng Industry Co. planned construction | level. Past and present production poten- | Economic Analysis indicated that, by using 

| of a 100,000-ton-per-year smelter by 1995. | tial are taken into consideration when rating | an independent forecast for the GPDI as 
In addition to the new smelter planned in | a mine, especially where an engineering | a comparative basis, copper consumption 
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| TABLE 6 

WORLD MINE, SMELTER, AND REFINERY CAPACITIES IN 1989 
(Thousand metric tons, primary and secondary copper) 

Continent and country oo Continent and country ooo 
Mine Smelter Refinery Mine Smelter Refinery 

North America: Africa: 

Canada 953 629 610 Botswana 26 25 — 

Mexico 354 285 190 Morocco 27 — — 

United States 1,790 1,807 2,446 Namibia 45 60 ~ | 
Total 3,097 2,721 3,246 Zaire 719 525.250 

Central and South America: ne Zambia 627 464 625 
Brazil 58 160 194 Zimbabwe 19 34 33 

Chile 1,752 1,454 = 1,208 Other! —_ 3 2 3 
Peru 443 362 272 Total 1,747 1,366 1,074 
Other? 5 7 6 Asia: OC 

Total 2,258 1,983 1,680 Burma 18 — — 
Europe: ne China 400 585 475 

Albania 19 15 14 India 75 65 47 

Austria ti(‘(‘ ‘ié‘CO;CO!#;#;#;~é~™#W _ 45 45 Tran 97 70 145 

“Begum | — 17 495 Japan 22 1,212 ~=-:1,196 © 

Bulgaria s—(i‘é;O!;!;!O(«+iN CKO (140 Korea, North 15 — 25 
Czechoslovakia 11 25 6 . Korea, Republic of 2 185 175 

“Denmark _ 5 5 Malaysia 30 — _ 

Finland ti(i‘™SCS™ 19 100 70 Mongolia - 180 — — 
France =—ti<‘i‘O™SOOSOSOCOCS” _ 17 47 Oman 20 22 20 

~ German Democratic Republic 122 45 105 Philippines 244138 138 
~ Germany, Federal Republic of — 389 362 Taiwan — 60 62 
“Hugay (‘i Other _2 - _- 

Italy — 72 104 __Total 1105 2,337 2,283 
Netherlands (ti(is—sS _ 8 ~ Of which: ne 
Norway 22 35 40 Centrally planned economies 595 585 500 

Poland 465 395 432 Market economy countries 510 ~=—:1,752 1,783 

Portugal 110 10 10 Oceania: — 

Romania 45 60 50 Australia ss—S 372-295 287 
Spain 40 196 252 “Indonesia (ti‘(‘éC;CO~™ 150 _ _ 
Sweden 84 110 107 Papua New Guinea 344 — _— 

Turkey 72 81 123 - Total ti (ati‘Cé:;!!!!!!!!!!! 86GU!~«CSCOC*~*«T 

U.S.S.R. | 680 1,053 1,070 Total world 10,900 11,934 12,401 

United Kingdom — 75 155 2004 SSS —$—$—$—$—$$$ Of which: 
Yugoslavia 142 180 165 Tm or 

“Other 3 _ _ ____Centrally planned economies _ 1,936 2,322 2,337 

EF OOO\V8h OTE" osoao=l?7a=Z)S > Market economy countries 8,964 9,612 10,064 

Tota 1,827 3,232 3,831 
Of which: 

Centrally planned economies 1,335 1,737 ~=—-1,837 

Market economy countries 492 1,495 1,994 

‘Includes mine capacity of 1,000 tons for Republic of Congo (Brazzaville), a centrally planned ecomomy. 
7Includes mine capacity of 5,000 tons for Cuba, a centrally planned economy. 

in electrical uses alone could reach 2.29 uses. The GPDI correlates very poorly copper consumed at U.S. semifabricating 
million tons by the year 2000 in the United | with copper consumed for other end-use | plants, but which were included in the 
States. sectors. One explanation has been the in- | dollar-valued GPDI. Another reason is that 

Although the correlation is high between | creased U.S. consumption of imported | the impact of substitution has been higher 
total U.S. copper consumption and the | manufactured goods containistg copper, | in other sectors. Shearson Lehman Hutton 
GPDI, it is not as high as for electrical | which were not reflected in the measure of | also found a high historical correlation with 

COPPER MINERALS YEARBOOK—1989 347



FIGURE 1 Organization for Economic Cooperation 

MARKET ECONOMY COUNTRIES’ REFINED INVENTORIES AND _| 20d Development (OECD) Countries’ in- 
AVERAGE MONTHS’ CONSUMPTION dustrial activity and the level of total 

OECD copper consumption? 

2.6 
Trends in Supply 

2.0 veers \ sessssnnsssuassssscesesassnneeessesnsenssnaneseseecesnsenaneeseusaseeceeeneeesumneeceeessuunssseessnsnesetsasetaeett World mine production has grown steadi- 
o . \ \ ly since World War II, interrupted only by 
z \ \ \ \ \ short periods of severe depression or long- 

ra \ \ \ \ \ \ expanding capacity at new and existing 
Wy \ \ \ \ \ N \ \ \\ 7 \ mines has exceeded $10 billion since 1987. 

S WNA INNNANAANNAW NANA 1980’s and 1990’s stems from a more in- 
= \ WALA a ree FCT : : - 

= 06 NNNSANANANNANANANIINANNNNNiicoccy_ | tem ted toot pice dure NNN ANNA AANNNANANNNRANNNNNANG. "period that took place during 
NANNNNNANANANNANA NAN YANANAN SIN 1950’s and 1960’s. The long period of poor 

> WANINNAINNANANAANNINANNNAINNAINNAINININS | profits tor the copper industry through 
1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 | Mucho the 1970's and 1980's lent credence 

to a perception that exploration in nonfer- 
rous metals was a poor investment. In ad- See eae ready had been discovered, the large 

Source: Bureau of Mines; Aug. 1990 suns of money rede Tr sunther 
evelopment were not available. The loca- 

tion of some of the largest deposits further 
increased financial risks. Political and 
economic stability was poor in some na- 

| tions with large copper resources. In other 
countries, such as the United States, en- 

FIGURE 2 vironmental and other licensing procedures 
WORLD CONSUMPTION AND PRIMARY (MINE) SUPPLY | made new mine development costs pro- 

hibitive in some areas. Although new ar- 
16 rangements for investment sharing and 
14 methods of financing are possible among 
13 mining companies, banks, and Govern- 
12 ments, sufficient capital to develop some 

2 11 ab eepeehedpecbh of these deposits may be a future problem. 
Pp 10 geet The direction of mine supply growth, 
S . pete eee forecasted from 1989 to the year 2000, is 

re, pete Torre eecbenge Pe EO shown in table 8. Also shown is the amount 
= 6 ee of capacity still in exploration stages that 
Oo ¢ has been incorporated in the country 

a 4 forecasts for the latter part of the 1990’s. 
= 3 Although speculated for possible initiation 

2 during the latter half of this period, no firm 
1 development plans had been made for these 
oO projects, and their implementation, 

1971 «1975 «= 1979S ss 1983=Ss« 1987 = 1981 «Ss 1996 «= t999_—=| therefore, was speculative. = 
Copper and copper alloy scrap is also a 

major source of copper. Although the 

potential supply of world scrap is signifi- 
| cant, the rate of old scrap recovery is 

limited by copper’s long life in its essen- 

Source: Bureay of Mines; Aug. 1080 tial uses. The ‘historical recovery of old 
scrap has averaged an estimated 18% of 
world copper consumption. Although old 

scrap recovery has been higher in the 
United States, it seldom has exceeded 22% 
of world consumption. 
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TABLE 7 and, although it may contain small amounts 
| of copper, is high in silicon and iron. Cop- 

| COPPER CONSUMPTION TRENDS per matte contains between 15% and 65% 
st copper, together with much of the sulfur 

Period United Market economy World | and other nonferrous and precious metals. 
States countries total | The newer flash smelting technologies 

| Copper consumed result in a much lower sulfur content in the 
___—s(thousand metric tons) «| matte «than was possible in the 

1950 1,337 2,502 2,774 | reverberatory furnaces. Copper matte is 
1963 1,712 4,489 5,531 | transferred to a converting furnace where 

1983 2,013 7,079 8,963 | the sulfur is oxidized and removed as sulfur 

1989 2,181 8,587 10,962 | dioxide, and the enriched copper melt is 

2000 (forecast) 2,700 11,100 14,680 | poured as blister copper. Blister contains 
_ Aa growth rates S*=*é=<“~*é‘;~*~*YC«C «tO 9BLS% coppeer. Thee blister is then 

(percent) fire refined by oxidizing the impurities in 

1950-63 | 1.27 3.20 3.62 | a reverberatory furnace, followed by 
196389 4.00. 3.50. 3.67 | removal of the excess oxygen by a process 

1983-2000 (forecast)! 1.90 2.60 2.90 cortion of avee 1 lopeor a reducine eo 

| Fema 1 250 sgt Row Mal a al Pins Bais TS Bon acs sms | 12 the melt. The blister is then cast into 
source: Bureau of Mines anode shape and further treated in an elec- 

: trolyte bath to form refined copper cathode 
through electrolysis, transferring the cop- 
per ions of the anode by electrical current 

Forecast Supply and Demand Trends | became significant. Supplies are an- | to the negatively charged cathode. Im- 
ticipated to be impacted negatively during | purities in the copper anode such as gold, 

Copper demand is forecast to grow at a 1990 and 1991 by the continued shutdown selenium, and silver are collected at the 
1.9% rate in the United States and at a 2.7% of the Bougainville Mine, Papua New bottom of the electrolytic tank for recovery 

rate in the world between 1989 and the year | Guinea. A significantly positive supply in- | ina later process. Cathode copper may also 
2000. While consumption in the United | ¢yence will result from the anticipated ear- | be obtained from an electrowinning pro- 
States, Europe, and Japan was expected to ly 1991 startup of the large Escondida Mine | cess. In this process, cathode copper is 
increase at a relatively lower rate, other in Chile. Although some inventory plated directly from copper-bearing solu- | 

countries were expected to surpass these surpluses are anticipated through 1993, it | tions obtained from leaching copper- 

rates as their economies develop. Signifi- | is not anticipated that the depressed market | bearing ore, matte, scrap, or other material 
cant increases in world copper demand | conditions of the middle 1970’s and early | and enriched by solvent extraction 

could be driven by economic recovery in | 1980’s will reoccur, causing inventories to | methods. An alternative to electrolytic 
the centrally planned economy (CPE) accumulate to 4 months or more of supply. refining is fire refining of blister or of 
countries and by increased domestic con- scrap, in which case, the fire-refined pro- 

sumption in the less developed countries | ——____-_———————————— | duct is cast into ingots, bars, billets, or 
(LDC) and newly industrialized countries. BACKGROUND cakes and is not processed electrolytically. 

Rejuvenation an ane of new Pants Te Refined copper cathode, which contains 
equipment, and inirastructure in these oge wpe gs eater than 99.3% copper, is the predomi- 
countries could consume major amounts of Definition, Grades, and Specifications oat form traded. Tough: pitch copper is 
copper. However, the problems of some Copper is traded in many forms that | refined copper cast into shapes. Oxygen- 
African, Southeast Asian, and South | relate to different stages of processing. For | free copper, which is preferred for special 
American countries could continue or | example, at the mine copper may be sold | electrical uses, is refined copper melted and 
could deteriorate further. Consumption in | as ore, concentrate, or precipitate. Copper | recast in a deoxidizing atmosphere. Deox- 

these countries, therefore, was expected to | ore may contain as little as 0.40% copper | idized copper is refined copper treated with 
exhibit minimal growth. or more than 10% copper, depending on | deoxidizers to reduce cuprous oxide and 

The projected balance between supply | its source. Copper concentrates are produc- | remove oxygen. Normal refinery shapes 
and demand forecasts is shown in figures | ed by milling and concentrating copper ore | cast from cathodes and fire-refined copper 
1 and 2. Estimated MEC refined inven- | and may contain between 18% and 40% | are wire bars, billets, slabs, ingots, and 
tories are compared with projected average | copper. Copper precipitate or cement cop- | bars. Since the late 1970’s, the continuous 
monthly MEC consumption in figure 1, | per is recovered from leach solutions by | cast wire rod nearly has eliminated the wire 
and world consumption is compared with | chemical precipitation with scrap iron and | bar as an intermediate shape used for mak- 

primary (mine) supply in figure 2. Both il- | may contain as much as 90% copper. ing wire rod from refined copper. Wire rod 
lustrations indicate the potential for tight Smelter products include copper matte, | is used to make wire of all types. Wire bar 
copper supply in the latter part of the | blister, slag, and anode. Slag is the waste | currently comprises less than 1% of the 
1990’s. Historically, when inventories were | formed in smelting through the combina- | copper market. Billets made from refined 
less than 1 month’s supply at prevailing | tion of a flux, such as limestone and silica, | copper, scrap, or alloys are large cylindrical 
rates of consumption, price pressures | with the gangue or waste portion of the ore | shapes used for extruding tubing or 

COPPER MINERALS YEARBOOK—1989 349



TABLE 8 

WORLD COPPER MINE CAPACITY 
(Thousand metric tons, recoverable copper) 

Region 1989 1990 1991 1992 1993 1994 1995 2000 

Africa: 

Zambia ; 627 612 620 608 594 594 521 393 

Zaire 779 814 814 829 829 809 822 825 

Other! . 341 332 304 310 __ 308 __305 283 167 

Asia: oO oo oo a oO 

Middle East 119 196 226 226 242 254 252 257 

Philippines 244 226 216 212 211 229 248 255 
Centrally planned economies 595 610 615 615 615 615 615 615 

Other 147 147 147 __147 153 153 123 147 

Tol SS*C~—iB 
Europe: Oo a a 

Market economy countries 492 453 452 455 465 457 424 403 

Centrally planned economies 1,335 1,340 1,313 1,333 1,333 1,333 1,333 1,361 

Central and South America: oO a a oo a 

Chile 1,752 1,815 2,079 2,322 2,323 2,433 2,452 2,604 

Peru 443 422 450 437 470 470 405 474 

Other? 63 67 68 68 68 84 142 221 

Oceania: oo oO oO a a a oe a 

Australia 372 399 443 422 435 400 400 376 

Indonesia 150 170 | 200 200 230 230 230 260 | 

Papua New Guinea 344 372 372 372 372 372 372 370 

0 
North America: a a oo oe oO a 

Canada 953 973 946 923 921 1,006 989 890 

Mexico 354 383 385 380 378 372 372 354 

United States 1,790 1,907 1,999 2,058 2,074 2,210 _ 2,248 2,195 

Total mine capacity 10,900 11,244 11,656 11,931 12,035 12,340 12,249 12,275 

Of which: 

Market economy countries 8,964 9,287 9,721 9,976 10,080 10,385 10,295 10,293 

Centrally planned economies _1,936 _1,957 _1,935 _1,955 _1,955 _1,955 _1,954 _ 1,982 

MEC capacity in exploration? oo oo 4 mt 60 82 135 855 

U.S. capacity in exploration? — — — — 42 59 59 108 

Total planned capacity 10,900 11,244 11,655 11,920 11,933 12,199 12,055 11,312 

'Includes capacity of 1,000 tons for Republic of Congo (Brazzaville), a centrally planned economy. 

2Includes capacity of 5,000 tons for Cuba, a centrally planned economy. 

3Capacity in exploration stages without announced intention to develop and financial arrangements secured. 

“Probable capacity, including announced properties in process of development. 

sometimes wire rod. Slabs are the precur- | materials was developed by the American | the United States. The major classes are 
sors to flat products such as sheet. Ingots | Society for Testing and Materials (ASTM) | coppers that contain greater than 99.3% 
are small shapes that are usually remelted | and the Society of Automotive Engineers. | copper; high-copper alloys, which contain 
and used for making alloys. This system designates each alloy by five | at least 94% copper; brasses, which con- 

There are more than 370 copper and cop- | digits preceded by the letter C. The UNS | tain zinc as the dominant alloying agent; 
per alloys divided into broad categories of | is administered by the Copper Develop- | bronzes, which normally contain tin as the 
wrought and cast metals. A unified | ment Association and is widely used by | dominant alloying agent, but which also 
numbering system (UNS) for metals and | ingot-makers, brass mills, and foundries in | may contain such other metals as aluminum, 
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a 

lead, phosphorus, and silicon but only | machinery and transportation equipment. | countries and refined in 42 countries. In- 

small amounts of zinc; copper-nickels, | Because of its aesthetic appeal and | dustrialized countries in Europe and the 

which contain nickel as the principal alloy | resistance to weathering, copper was used | Far East, which lacked sufficient raw 

metal: nickel silver, which contains cop- | in construction for roofing, flashing, | materials, encouraged mine production in 

per, nickel, and zinc as the principal | decorative hardware, and guttering and | the LDC’s to assure supplies. These coun- 

metals; leaded coppers, which are cast | downspouts. Miscellaneous uses of copper | tries have long dominated world smelting 

alloys containing 20% or more of lead, but | included ammunition, industrial and | and refining capacity. Thus, in 1989, Japan 

_ | no zinc or tin; and special alloys, which are | agricultural chemicals, pigments, fine in- | was second only to the United States in 

copper alloys with compositions not | struments and watches, jewelry, cooking | smelter and refinery production despite 

covered in the above groups. Master alloys | utensils, decorative items, and coinage. | having only nominal mine preduction. To 

and hardeners are copper-based alloys cast Electrical uses of copper have accounted | assure its supply of concentrates, Japanese 

with a high alloying element content and | for an increasing market share over the past | smelters and refiners invested heavily in 

are used in producing copper alloys. | 20 years. Growth in consumer and business | world mine capacity, particularly in Chile, 

Hardeners and master alloys not only per- | electronics and building wire demand have | but also in other countries. In 1989, 

mit closer composition control than possi- | contributed to electrical demand growth, | Japanese companies owned a 15% and 33 % 

ble by addition of pure metals, but also per- | while materials substitution in plumbing, | interest, respectively, in the Chino and 

mit easier introduction of a deoxidizer, | automotive radiators, coinage, etc., and in- | Morenci Mines in the United States. 

such as phosphorus. Beryllium copper | creased imports of copper-containing European smelting-refining companies, 

master alloy, containing 7% to 10% | manufactured goods such as automobiles, | similarly lacking in copper resources, in- 

beryllium, and phosphor copper, contain- | machinery, and air-conditioning units have | vested in mines in Africa, Asia, and 

ing 10% to 14% phosphorus, are examples. | reduced or stabilized demand for other | Oceania. The new Escondida Project in 

The ASTM specifications for refined cop- | uses. The growth in electrical demand has | Chile, slated to come on-stream at the 

per are designated in part 6, section B5-77 | occurred, despite the substitution of | beginning of 1991, was owned by a consor- 

of the ASTM specifications, and are under | aluminum in overhead power transmission | tium of Australian, British, and Japanese 

the jurisdiction of ASTM Committee B-5 | lines; development of microwave, digital, | companies and, in exchange for concentrate | 

on copper and copper alloys. | and fiber-optic technologies for telecom- | supply contracts, financed in part by in- 

munications; and downsizing of motors and | terests in Japan, Finland, and the Federal 

Products for Trade and Industry switch gear. Specialty alloys, such as | Republic of Germany. Similarly, U.S.-based 

beryllium copper used for electronic con- | Freeport-McMoRan Inc., owners of Free- 

At least four physicochemical properties, | nectors, have experienced strong growth in | port Indonesia Inc., secured a $500 million 

singly or in combination, account for the | demand. The growth in electrical uses and | loan package to expand its concentrator and 

widespread use of copper and its alloys. | the shift from wire bar technology to con- | develop its Grasburg, Indonesia, deposit 

Foremost among these is electrical conduc- | tinuous cast wire rod has increased the de- | from banks in eight countries, one-half of 

tivity. Among the electrically conductive | mand for electrolytic copper at the expense | which will receive Freeport concentrates. | 

metals, copper is second in conductivity | of fire refined material. In 1989, only one However, in recent years the concentrate 

only to silver. Electrical uses, which ac- | domestic secondary refinery produced fire | exporting countries have sought to increase 

count for about 70% of copper demand, in- | refined wire bar. their local smelting and refining capacities 

clude electrical power transmission, motors to supply growing domestic demand for | 

and generators, housing and industrial wir- Industry Structure refined copper and to maximize foreign ex- 
ing, automotive and appliance wiring, Copper smelting operations have been | change earnings. Traditional copper con- 

telecommunications, electronic circuit | traced back to at least 5000 B.C., but | centrate exporting countries with expand- | 

boards, specialized electronic equipment, | modern history and growth in demand for | ed smelting capacity included Australia, 

and numerous other electrical and elec- | copper began with the discovery and com- | Chile, Mexico, and the Philippines. The | 

tronic applications. mercial development of electricity in the | PASAR smelter and refinery was commis- 

The chemical stability and workability of | latter part of the 19th century2? World cop- | sioned in 1983 and subsequently expand- | 

copper are among the reasons that copper | per production was estimated to be only | ed. To assure supplies to the Philippine 

and its alloys have been extensively used | about 50,000 tons in 1850. However, by the | Government-controlled (60%) operations, 

in tubing and valves for systems carrying | turn of the century, it reached an estimated | Philippine mines were ordered to ship a 

potable water, saltwater, and other aqueous | 500,000 tons per year. By 1912, world mine | minimum of 30% of their concentrates to 

fluids. Because of its good thermal conduc- | production had reached 1 million tons. | PASAR despite its high smelting and refin- 

tivity, again being second only to silver in | World production continued to grow, | ing charges. In addition, newly industrializ- 

| thermal conductivity, copper and its alloys | almost uninterrupted, to almost 9 million | ed countries such as the Republic of Korea 

were extensively used as materials of con- | tons in 1989. More than 90% of cumulative | have added capacity to meet their growing 

struction for heat exchangers used in motor | world mine production has occurred since | demand for refined copper. Similarly, 

vehicles, refrigeration, air-conditioning | 1900; 60% since 1960. Brazil became an exporter of brass mill 

units, and numerous other applications. In 1989, copper was mined in about 60 | products and major new brass mills were 

Because of its resistance to salt, copper was | countries. The top 13 producing countries | being constructed in the Republic of Korea, | — 

widely used in marine environments and | accounted for 85% of production. The | Philippines, and Taiwan. 

automotive brake components. United States and Chile were the leading In the 1950’s, eight privately owned U.S. 

Copper also was used widely, for other | producers, each accounting for about 17% | and Western European companies con- 

than electrical conductivity, in industrial | of production. Copper was smelted in 40 | trolled three-fourths of world copper 
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TABLE 9 

APPARENT CONSUMPTION OF COPPER, BY END-USE SECTOR! 
(Thousand metric tons of copper and percent of consumption) 

eee 

Electrical? Construction Machinery Transportation Ordnance Other uses Total 
Year De TTT SS OTTT> Ss consumption 

Quantity Percent Quantity Percent Quantity Percent Quantity Percent Quantity Percent Quantity Percent (quantity) 

1960 755 52 261 18 203 14 102 7 29 2 102 7 1,452 

1961 728 48 303 20 228 15 106 7 30 2 121 8 1,517 

1962 820 50 328 20 246 15 115 7 33 2 98 6 1,640 

1963 822 48 377 22 274 16 120 7 34 2 86 5 1,712 

1964 870 49 409 23 231 13 124 7 36 2 107 6 1,776 

1965 1,031 52 416 21 238 12 139 7 40 2 119 6 1,982 

1966 1,064 48 465 21 266 12 177 8 © 155 7 89 4 2,216 

1967 918 50 367 20 220 12 129 7 147 8 55 3 1,836 

1968 974 51 382 20 210 11 134 7 134 7 76 4 1,909 

1969 1,009 49 432 21 247 12 144 7 144 7 82 4 2,058 

1970 1,000 55 346 19 182 10 127 7 91 5 73 4 1,819 

1971 1,038 55 377 20 189 10 132 7 57 3 94 5 1,886 

1972 1,264 59 386 18 193 9 ~ 129 6 64 3 107 5 2,142 

| 1973 1,378 62 378 17 178 8 133 6 44 2 111 5 2,223 

1974 1,287 60 365 17 214 10 129 6 43 2 107 5 2,145 

1975 914 62 236 16 118 8 88 6 44 3 74 5 1,473 

1976 1,154 60 327 17 154 . 8 154 8 19 1 115 6 1,924 

1977 1,242 60 373 18 186 9 145 7 21 1 103 5 2,070 

1978 1,422 60 427 18 190 8 166 7 47 2 118 5 2,370 

1979 1,412 58 463 19 219 9 170 7 24 1 146 6 2,434 

1980 1,438 66 327 15 174 8 109 5 22 1 109 3 2,179 

1981 1,590 70 273 12 159 7 136 6 23 1 91 4 2,271 

1982 1,251 71 229 13 123 7 70 4 18 1 70 4 1,762 

1983 1,368 68 322 16 161 8 80 4 20 1 60 3 2,012 

1984 1,397 66 359 17 148 7 106 ‘5 21 1 85 4 2,116 

1985 1,480 69 343 16 150 7 86 4 21 1 64 3 2,144 

1986 1,410 66 384 18 150 7 107 5 21 1 64 3 2,136 

1987 1,494 68 395 18 132 6 88 4 22 1 66 3 2,197 

1988" 1,592 72 332 15 133 6 66 3 22 1 66 3 2,211 

1989 1,571 72 327 15 131 6 65 3 22 1 65 3 2,182 

"Revised. | 
‘Copper Development Association (CDA) categories have been redistributed on a copper content basis (the alloy component has been subtracted). The electrical component has been extracted from all end-use 
categories except electrical and ordnance. Adjustments were also made for the new scrap component, which was subtracted. Ordnance data reflect U.S. Department of Commerce ACM military shipments to 
1983; estimated data, thereafter, reflect CDA data for 1989. 

7Includes wire and other forms used in electrical, communications, and other special uses. 

production outside the U.S.S.R. By 1983, | Consolidated Mines Ltd. (RCM), and was Since 1983, state control of copper pro- 
many mines in the less developed countries | accountable for all of Zambia’s mine pro- | duction has declined slightly to about 50% 
had been partially or totally nationalized so | duction; La Générale des Carriéres et des | of world capacity owing to contraction of 
that more than 50% of the world’s copper | Mines du Zaire (Gécamines), which, in | some state-controlled operations and 
mine production was from Government- | 1987, acquired Japanese and state-owned | capacity growth in the private sector. All 
owned corporations. Most notable of the | Societe de Développement Industriel et | of the greenfield copper projects that came 
state-controlled mining companies that came | Miniére du Zaire (Sodimiza) to account for | on-stream since 1983 or were slated to 
into existence during the 1960’s and 70’s | all of Zaire’s production; and Empresa | come on-stream over the next several years 
were the following: CODELCO-Chile, the | Minera del Centro del Peru (Centromin | were privately owned. 
world’s largest copper producer; Zambia | Peru), Empresa-Minera del Peru (Minero Following the supply-demand imbalance 
Consolidated Copper Mines Ltd. (ZCCM), | Peru), and Empresa Minera Especial Tin- | in 1982, which led to accumulation of 
which was formed in 1982 through the mer- | taya S.A. (Tintaya), which combined | massive world refined copper inventories, 
ger of state-owned Nchanga Consolidated | accounted for about one-third of Peru’s mine | copper prices were severely depressed. The 
Copper Mines Ltd. (NCCM) and Roan | capacity. fall-off in copper revenues resulted in 

352 COPPER MINERALS YEARBOOK—1989



sustained economic losses by some copper | announced a $1.25 billion, 5-year invest- | copper oxide reserves and to lower overall 
producers and mine closures. In some | ment program that was projected to boost | production costs. Asarco acquired the Ray 
countries, such as Chile and the Philip- | production by 200,000 tons to 1.38 million | Mine, full control of the Mission Complex 
pines, price support mechanisms were in- | tons. Despite these investments, production | reserves and other properties, switching 
stituted to aide the private mining sector. | by CODELCO-Chile remained nearly con- | from a custom smelter to an integrated pro- 

| Significant restructuring by both state- | stant between 1986 and 1988, with most of | ducer. Between 1986 and 1989, Cyprus 
controlled and privately held copper pro- | Chilean production increases over that | Minerals also acquired several properties 
ducers occurred in efforts to rationalize | period coming from the private sector. | from other companies. 
production and reduce operating costs. In | However, production in Chile rose The U.S. primary smelting industry 
Zaire, Gecamines, which operated about 1 | significantly in 1989, owing to capacity in- | underwent significant contraction with the 
dozen mines in three geographic regions | creases at Chuquicamata. coincidence of depressed copper prices and 
along the Copperbelt of Central Africa, In the United States, major rationaliza- | a yearend 1987 compliance deadline with 
launched a 5-year, $870 million rehabilita- | tion and ownership changes, restructuring, | the clean air regulations. Between 1983 and 
tion project in 1985, including plans for a | labor concessions, and major capital in- | 1986, 7 of 13 primary smelters, most of | 
new refinery. In Zambia, ZCCM began a | vestments revitalized the copper industry | which were noncompliance reverberatory 
5-year plan in 1986 to streamline and | and reduced average production costs from | smelters operating under interim com- | 
rationalize production to stem the decline | more than 80 cents per pound in 1982 to | pliance orders, were permanently closed. 

| in annual output. The decline was ascrib- | less than 60 cents per pound in 1989. Pro- | Insufficient smelting capacity for process- 
ed to low equipment availability owing to | duction rose from 1.04 million tons in 1983 | ing its concentrates prompted the acquisi- 
a shortage of spare parts, insufficient | to 1.5 million in 1989, just slightly short | tion of the Inspiration smelter and 
skilled labor, an exodus of engineering | of the record production level set in 1973. | Lakeshore roast-leach plant by Cyprus 
staff, unreliable transportation to African | Foremost in technology changes were ex- | Minerals and Chino smelter by Phelps 
ports, and a shortage of sulfuric acid for | pansion of lower cost SX-EW technology, | Dodge. With the recovery of copper mine 
expanded leach operations. As part of the | in-pit crushing and conveying systems, and | production, the United States became a 
revitalization, the Chambishi Mine was | flash smelting technology. By 1989, with | significant exporter of concentrates. 
closed, new reserves at Mufulira were | the sale of Kennecott to RTZ, oil com- The erosion of U.S. ownership of world 
developed, the worker training budget was | panies, which in the late 1970’s had seen | copper production, which has been the case 
increased 16-fold, and various national | domestic copper companies as attractive | since the nationalizations of the 1960's, 
economic policies were adopted to ensure | acquisitions, had divested their domestic | took on a new dimension in the 1980's, with 
capital. copper holdings. foreign companies investing in. domestic 

In the Philippines, most of seven min- Though about 20 different companies | mines. In addition to foreign ownership of 
ing companies continued to sustain losses, | operated a total of more than 60 copper- | Kennecott, first by BP and later by RTZ, 
even after the recovery of copper prices in | producing mines in the United States, 4 | and Japanese investment in the Chino and 
1987. Atlas Consolidated Mining Develop- | companies, Phelps Dodge Corp., Cyprus | Morenci Mines, Copper Range sold its 
ment Corp., the largest Philippine pro- | Minerals, Asarco, and Magma accounted | mine, smelter, and refinery in White Pine, 
ducer, closed several open pit operations | for 90% of domestic capacity. Major in- | MI, in 1989 to a Canadian subsidiary of 
but was expanding high-grade underground | dustry ownership changes occurred as | Metallgesellschaft AG. of Germany. Mit- 
operations and developing a new open pit | companies sought to raise capital for pro- | subishi Metals of Japan planned to con- 
to replenish reserves. | duction increases and become more self- | struct a copper smelter in Texas. 

In Mexico, the two State-controlled min- | sufficient through vertical integration of While companies tended to integrate 
ing companies, Mexicana de Cobra S.A., | mines, smelters, refineries, and rod mills. | their unwrought copper production 
which operated the La Caridad Mine, and Several companies, including Inspiration | facilities, the 25-year-old trend away from 
Cia Minera de Cananea S.A., which | Resources, Noranda, and AMAX, totally | the strong ties between downstream pro- 
operated the Cananea Mine, together ac- | divested their U.S. copper holdings. In | cessors and mine producers continued. In 
counting for about 98% of production in | 1986, Kennecott, the largest domestic pro- | 1986, Anaconda sold its American Brass 
Mexico, were offered for sale in 1988 in | ducer (then owned by BP Minerals), in ex- | divisions. Ownership of Chase Brass, 
an effort to reduce Federal debt by selling | change for labor concessions, agreed to | which had been reorganized in 1986 into 
nonstrategic assets. Cananea remained un- | reopen its shuttered Bingham Canyon Mine | separate operating divisions along product 
sold through 1989. and invest $400 million in modernization | lines, remained partially with BP Minerals 

In Chile, capital investments in excess of | of its Utah operations. To raise capital, it | America when RTZ purchased Kennecott. 
$2 billion and devaluation of currency | sold its Chino and Ray Mines. Phelps | Phelps Dodge sold or closed much of its 
helped to halve operating costs at | Dodge emerged as the largest and lowest | wire production facilities. Where the brass 
CODELCO-Chile’s four divisions over the | cost domestic copper producer following | industry was dominated by a few full-line 
decade ending in 1985, to make it one of | the purchase of Chino, restructuring of its | mills, it evolved into four distinct industries 
the world’s lowest cost copper producers. | labor force, major investments in elec- | with mills having single or limited product 
CODELCO-Chile, which operated the | trowinning capacity, and investment in in- | lines: Strip, sheet, and plate; plumbing and 
world’s largest open pit (Chuquicamata) | pit crushing and conveying technology. commercial tube; alloy wire and rod; and 
and underground (El Teniente) mines, con- Magma invested $200 million in a new | unalloyed copper wire rod for electrical 
tinued to invest heavily to maintain and ex- | flash smelter and acid plant at San Manuel. | wire production. Only the copper wire rod 
pand production in light of rapidly declin- | The new smelter provided the sulfuric acid | mills retained their association with the 
ing ore grades. In 1988, CODELCO-Chile | necessary to develop open pit and in situ | primary producers. Low processing margins 
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and increased import competition during | variety of other mineral coproducts. In the | thought to be economically recoverable 
the period of low copper prices hastened | United States, porphyry copper deposits | with existing technology at operating or 
the trend toward sell-off or closure of un- | made up about 93% and _ stratiform | developing properties. Among individual 
profitable operations and specialization of | sedimentary and metasedimentary deposits | countries, Chile had the largest share 
product line24 Imports of semifabricated | about 6% of established mine capacity. | (22%) of the reserve base, followed by the 
products doubled over a 10-year period, In recent years, plate tectonic theory has | United States (16%), the U.S.S.R. 9.7%), 
reaching their peak in 1984 of more than | been emphasized in defining copper | and Australia (7.3%). Peru, Zaire, and 
260,000 tons. Though still high by historic | deposits as they relate to the Earth’s | Zambia also had large copper reserves with 
standards, import penetration has declin- | lithospheric plates, their edges, subduction | about 5% each. More than 90% of U.S. 
ed slightly owing to successful antidump- | zones, and spreading axes in space and | copper reserves was in five States— 
ing suits filed by the domestic industry, | time. For example, deposits of the porphyry | Arizona, Michigan, Montana, New Mex- 
restructuring of the domestic industry, and | copper type occur mainly in magmatic, | ico, and Utah. The U.S. Geological Survey 
a weakened U.S. dollar. volcanic arc, and back-arc regions of plates | (USGS) estimated total world land-based 

Production and consumption of brass and | overlying subduction zones; hence, their | copper resources, comprised of the reserve 
bronze ingot in the United States declined | predominant location along areas such as | base and a larger body of less well 
markedly between the late 1960’s and ear- | the continental edges of North and South | characterized resource, was about 1.6 
ly 1980’s owing to the substitution of | America. Copper deposits found in | billion tons. 
plastics and aluminum for brass and bronze | ultramafic sequences are characteristic of Copper reserves reported at operating or 
castings, increased import penetration, and | oceanic plate settings and ophiolite rock | developing properties were sufficient to 
more stringent environmental regulation | groups. Alkaline ultrabasic rocks and car- | meet a projected cumulative demand of 
being applied to ingot makers and foun- | bonatites intrude stable continental cratons | nearly 130 million tons of primary copper 
dries. Over that time period, domestic pro- | and are presumed to have come from | through the year 2000. In addition, some 
duction of alloy ingot fell by 40%, and | mantle-derived magmas contaminated with | of the material already identified in the 
more than one-half of the approximately 40 | crustal rocks. At Palabora, the Republic of | reserve base, which was presumed to be 
ingot makers were closed. The foundry in- | South Africa, a carbonatite is host toa cop- | uneconomic to mine, may become 
dustry underwent a similar contraction, | per deposit; as a significant producer of | economic with new technology and/or 
with alloy ingot consumption falling by a | copper, this is a unique occurrence. | higher copper prices. However, the rate of 
commensurate amount. However, since | Sedimentary copper deposits generally oc- | increase in the reserve base has declined 
about 1985, domestic production and con- | cur in rocks typical of passive continental | since 1976. The world reserve base, in- 
sumption of alloy ingot stabilized at about | margin and interior environments and in- | cluding measured and indicated ore, in- 
180,000 tons per year. tracontinental rift systems. In addition, | creased by about 140% from 1965 to 1976, 

these deposits may have been redistributed | corresponding to a 56% growth in world 
Geology—Resources by later diagenetic or metamorphic | production and 48% growth in consump- 

hydrothermal systems, but retain their | tion over the same period. Since 1976, 
According to their mode of origin, cop- | stratiform identity. Stratiform applies to a | however, the reserve base has increased by 

per deposits may be grouped in the follow- | layered mineral deposit of any origin. | only 23% and production by only 17%, 
ing broad genetic classes: (1) porphyry cop- | Stratibound refers to a deposit confined by | while consumption grew by an impressive 
per deposits and their associated skarn, | a single stratigraphic horizon. 36%. Since the late 1970’s, the preoccupa- | | 
hydrothermal veins, and replacement brec- Copper occurs in about 250 minerals; | tion with gold exploration and general 
cia deposits; (2) deposits. associated with | however, only a few are commercially im- | neglect of base-metal exploration led to a 
ultramafic, mafic and alkaline ultrabasic, | portant. The most common are chalcopyrite | significant decline of reserves in Canada, 
and carbonatite rocks; (3) volcanogenic and | (CuFeS,), covellite (CuS), chalcocite | Peru, the Philippines, and other countries. 
metavolcanogenic deposits; (4) sedimen- | (Cu,S), bornite (Cu;FeS,), enargite | Unless substantial new discoveries occur 
tary and metasedimentary deposits; and, | (Cu;AsS), and tetrahedrite (CuFe),.Sb,S,3). | immediately, some countries’ output will 
(5) veins and replacement bodies associated | Metals may be leached out of the rock | decline by the late 1990’s. According to a 
with metamorphic sequences, not other- | above the water table by circulating ground | recent Canadian analysis, to maintain 1988 
wise classified. As a percentage of total | water, oxidized, and enriched in the | Canadian production, each mine ap- 
world capacity, the predominant type min- | underlying supergene zone. The supergene | proaching exhaustion must be replaced by 
ed was that of the porphyry copper and | capping of an ore body often contains the | a new operation, based on a discovery 
associated deposits (59%), followed by | highest concentration of copper as | some 6 years earlier2*5 Canadian copper 
stratiform sedimentary replacement and | chalcocite or as various copper oxide and | production is forecast to fall off sharply by 
metasedimentary deposits (23%), volcano- | silicate minerals. Native copper also occurs | 1994 because mine reserves would be ex- 
genic massive sulfide deposits (7%), veins | in the oxidized or supergene zones. hausted. The large reserves of copper in 
and replacement bodies (7%), and The definitions for reserves and reserve | Canada were discovered during the period 
ultrabasic massive sulfide and carbonatite | base are published in U.S. Geological | of high base-metal exploration that existed 
deposits (4%). Though the massive sulfide | Survey Circular 831, “Principles of a | through the late 1950’s to the early 1970's. 
and vein and replacement deposits were | Resource/Reserve Classification for Min- 
much more numerous than the porphyry | erals.’”’ In this system, the reserve base is | Technology 
and stratiform sedimentary deposits, they | the measured plus indicated (demonstrated) 
tended to be smaller in both capacity and | resource from which reserves are estimated. Exploration.—Exploration for copper 
reserves, but generally contained a wider | Reserves are that part of the reserve base | deposits in the United States generally takes 
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TABLE 10 duction. Continued drilling programs to ex- | about 30% copper suitable for modern 
, tend identified reserves may continue | smelting. 
COPPER RESERVES AND throughout the production life of the Faced with higher energy costs, deeper 

RESERVE-BASE deposit. Copper exploration was seriously | mines with longer haul distances, high 
(Million metric tons, contained copper) lacking through most of the 1970’s and | labor rates, and lower ore grades, the 
a «| «1980s, but has received renewed vigor | domestic industry has fought to maintain 

| Area and country Reserves Reserve | since the high prices of the late 1980's. In | and subsequently lower production costs 
base | the United States, recent exploration and | over the past few decades. Major im- 

North and Central | development has focused on oxide ores | provements in energy use and labor 
America: suitable for processing by low-cost, | management in mining and milling 
Canada 13 24 | leaching SX-EW technology and on the | technology have been made in recent years 
Mexico 14 20 Stratiform ores of Montana. through improved strategies of materials 
United States 55 90 Studies of the geologic environments of | transport, grinding, and concentration. 

Other _ 15 identified deposits may lead to a basis for | Technological improvements include in-pit 
Toul tCS~S ry) 149 | predictive metallogeny of other parts of the | crushing and conveying systems to replace 
— = = same area. For example, the USGS con- | truck-haulage to the mill; semiautogenous 

South America: sidered the Midcontinent rift area of the | and autogenous grinding circuits; column 
Chile 8° 120 | United States as a particularly important | and cyclone flotation cells; increased equip- 
Peru 8 31 | geologic environment for certain types of | ment scale, including trucks and flotation 
Other il _21 | mineral deposits. The rift structure extends | cells; computer-controlled truck dispatch | 
Total 94 172 for 2,000 kilometers from Kansas, north- | systems; and improved on-line sampling 

‘Europe: _ _ east through the Lake Superior region, and | and automated reagent control in the mill. 
Poland tCS™~™S 10 15 | bends southeast into Michigan. A new An important factor in domestic mine 

“USSR. © 37 54 USGS project was designed to characterize | cost savings has been the development and 
Ohr 3 13 the rift and provide metallogenetic analysis | rapid expansion of SX-EW technology for 

Toul 0 > of types of minerals deposits that may be | the treatment of acid soluble oxide or 

SEALE — — expected. Identified occurrences included | chalcocite ores. In. this process, dilute 
Africa: the copper-nickel sulfides of the Duluth | sulfuric acid is percolated through the ore, 

Zaire 26 30 complex, stratiform deposits of the Ke- | either in dumps, pads, or in situ. The 
Zambia 16 34 weenaw Peninsula, MI, and copper- | copper-bearing solution (leachate) is col- 

Other 4 4 molybdenum bearing breccia pipes of On- | lected and processed through solvent ex- 
Total ttt—~tS "46 68 tario26 traction to concentrate the copper in solu- 

Asian tttCS — — tion. Copper is recovered from the concen- 
—_ Mining and Beneficiation.—Since the | trated solution by electrowinning where 
indonesia 3 > | turn ‘of the century, the evolution of | copper is plated directly from solution on- 

_Philippines 10 16 | technology for large-scale mining, milling, | to a starter cathode. The resultant elec- 
_Other  —<“‘é‘i O28 «| and concentrating low-grade ores has | trolytically pure copper bypasses the tradi- 

Total _30 _49 | resulted in a continued shift away from | tional smelting and refining steps. Recent 
Oceania: _ _ mining small, high-grade, massive sulfide | advances in the organic extractants and in 
Australia (ttt~™” 17 Al deposits by labor-intensive underground | electrowinning have improved the 

~ Papua New Guinea 7 13. | methods. Today, open pit mining accounts | economics of this process. In addition to 
Toul 4 54 for almost 60% of MEC production and | processing oxidized ores, mines have 

TT _e__ = = | more than 80% of domestic production. | realized tremendous cost savings by 
__Grand total 336 374 Open pit mining requires a relatively | leaching existing waste and ore dumps and 

___ Of which: shallow deposit with typical waste-to-ore | by adjusting cutoff grades to the concen- 
Market economy stripping ratios between 1:1 and 2:1. A | trator upward, with lower grade material 

_ countries 281 492 | typical surface copper mine uses rotary | being processed by SX-EW. 
Centrally planned blasthole drills and a shovel-truck combina- | Growth in SX-EW capacity has been 

___economies_ D2 tin for the loading and hauling operation. | rapid since the mid-1970’s. In the United | 
Underground mining methods vary with | States, SX-EW capacity increased from only 
the geophysical nature of the ore and host | 37,000 tons in 1974 to 358,000 tons of cop- 

place in potential areas within which the | rock, but typically have lower waste-to-ore | per in 1989. Similarly, SX-EW capacity for 
anticipated copper deposit is masked by | ratios and higher grades and employ some | the world, which was estimated to be 
postore cover in the form of alluvium and | form of large-scale block-caving such as | 910,000 tons of copper per year in 1989, was 
volcanic or sedimentary rock. Following | that employed at San Manuel in the United | expected to exceed 1.3 million tons by 1995. 

discovery of a potential deposit by | States and El Teniente in Chile?’ Follow- 
geophysical and chemical means, suc- | ing extraction, run-of-the-mine ore is mill- Smelting.—Most copper concentrates 
cessively and increasingly intensive drill- | ed (successively crushed and ground) to | are processed through three-stage smelting 
ing campaigns to characterize and quantify | liberate the copper sulfide minerals and | to produce anode suitable for electrolytic 
the deposit are undertaken before a deci- | beneficiated or concentrated via froth flota- | refining. Concentrate is processed in the 
sion is made to bring a deposit into pro- | tion to produce a concentrate containing | primary smelting reactor to produce a 
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copper and iron sulfide matte containing | having shutdown in 1987. Though electric | containing an estimated 1.3 million tons of 
up to 60% copper. The matte is oxidized | furnaces require a large electrical energy | copper, was consumed annually in the 
in a converter, forming iron oxides that are | input, they produce a low-copper slag | United States. The largest scrap categories 
removed in the slag and blister copper con- | suitable for direct disposal and can process | were as follows: No.1 copper, 26%; No. 
taining in excess of 98% copper. Sulfur is | a variety of materials. 2 copper, 25%; yellow brass, 21%; car- 
removed as sulfur dioxide in the gas Asarco, which operated one of the two | tridge cases, 9%; automobile radiators, 
streams. Blister copper is fire refined in an | remaining reverberatory smelters at its El | 7%; low-grade ashes and residues, 4%; red 
anode furnace to remove oxygen and other | Paso smelter, announced plans to install a | brass, 3%; and refinery brass, 2%. A wide 
impurities. The anodes are interspersed | Contop (Continuous Top-Blowing process) | variety of alloys made up the remaining 
with either copper, stainless steel, or | flash smelter. In this newly developed, | 3%. Brass and copper tube mills consum- 
titanium starter sheets in an electrolytic cell | autogenous process, concentrate is con- | ed 65% of No. 1 copper and most of the 
or tank, and copper is plated from the | tinuously melted in a cyclone furnace | cartridge cases and yellow brass, while the 
anode to the cathode. The resulting cathode | located on top of a large settling chamber. | secondary smelters and ingot makers con- 
is 99.9% pure and suitable for most elec- | The high temperature of the flash smelting, | sumed 85% of the No. 2 scrap and most 
trical applications of copper. Valuable im- | combined with top blowing of the slag in | of the auto radiators and red brass scrap. 
purities, including the precious metal | the settling chamber, volatilizes most of the | With a few exceptions, U.S. wire rod mills 
values, collect as sludge in the bottom of | impurities such as lead, arsenic, etc., and | did not consume scrap directly. One U.S. 
the electrolytic cell. is well suited to ores having high-impurity | wire rod producing company constructed 

In 1970, environmental constraints and | levels. It also provides for a low-copper | a continuous-process scrap refining and 
energy costs became a prime concern of | slag that can be dumped without further | wire rod casting plant in which it processed 
the domestic smelting industry. Through | treatment. Also, because of its relatively | No. 1 return scrap from making wire in its 
the late 1970’s and mid-1980’s, domestic | low capital requirement and compact size, | own plants. 
smelters were able to use interim methods | it was reportedly well-suited for retrofit in- Scrap was classified into two general 
such as tall stacks and intermittent opera- | stallation2® categories called old scrap and new scrap, 
tion to meet sulfur dioxide emissions stan- The rapid advancement in continuous | depending on its origins. New scrap, or 
dards. However, by the 1987 compliance | cast technology for rod and sheet since the | manufacturing scrap, was generated dur- 
date, most remaining smelters had aban- | middle 1970’s and the increasing | ing the fabrication of copper products and 
doned traditional reverberatory smelting | dominance of the electrical end-use market | was returned to the mill for reprocessing 
and had adopted one of the various oxygen | has promoted the need for high-purity | (return scrap) or sold; it was not considered 
enriched smelting furnaces (Outokumpu | forms of copper. Technical improvements | a new source of copper supply by the 
flash, Noranda, Inco flash, Mitsubishi con- | at the refinery level have included the use | Bureau of Mines. New scrap was termed 
tinuous). These furnaces generally required | of permanent stainless steel or titanium | “run-a-round’’ or home scrap when it was 
lower energy input and provided a more | starter sheets, improved solution chemistry, | generated internally at the plant consum- | 
concentrated sulfur dioxide gas stream, | and automated system control leading to | ing it. 
which allowed for sulfuric acid production | greater current efficiency and reduced im- Old scrap was generated from wornout, 
as a means of sulfur dioxide capture. The | purity levels. As a result of reagent and pro- | discarded, or obsolete copper products and 
byproduct sulfuric acid has provided a | duction refinements, almost all domestic | was considered to be a reservoir of 
readily available, inexpensive source of | SX-EW production is high-quality cathode, | recoverable copper, and thus, was a source 
acid for expansion of the SX-EW capacity. | which does not require further refining. | of supply. Since World War II, the ever- 

Flash smelting involves the blowing of | The increase in continuous cast wire rod | increasing reservoir of copper products in 
concentrate, flux, and oxygen into a hot | capacity has rendered the wire bar, an in- | use, much of which was eventually recycled 
furnace. The sulfur and iron in the concen- | termediate cast shape, almost obsolete and | as “old’’ copper, provided annually be- 
trate react rapidly (flash) with the oxygen, | has effectively shifted intermediary casting | tween 19% and 33% of U.S. apparent 
and release a tremendous amount of heat. | from the refinery to the mill. Though it has | demand and, on average, provided about 
Flash processes using oxygen or oxygen- | not replaced deep-well casting of in- | 18% of world copper demand. It was 
enriched air are generally autogenous, re- | termediate, cake slab, and billet, con- | estimated that the world copper reservoir 
quiring no external fuel input. In 1988, | tinuous casting technology also has been | of items in use or abandoned in place from 
Magma commissioned the world’s largest | developed for the sheet and tube sectors. | which old scrap can be recovered exceed- 
single furnace Outokumpu flash smelter. ed 173 million tons. The U.S. old scrap 
The majority of new smelters constructed Recycling.—The Institute of Scrap | reservoir was estimated to exceed 66 
worldwide since 1970 were Outokumpu | Recycling Industries Inc. ISRD, recogniz- | million tons or 38% of the world’s total. 
flash smelters. However, in the United | ed more than 50 classes of copper and cop- The rate of old scrap recovery was 
States, two new Inco furnaces, at Hayden, | per alloy scrap. Although there were | limited by copper’s long life and its essen- 
AZ, and Hurley, NM, were commissioned | several grades of scrap within each, the ma- | tial uses. On average, the rate of old scrap 
since 1980. The Noranda process smelter, | jor unalloyed scrap categories were No. 1 | recovered in the United States, as a percen- 

installed by Kennecott, was not autogenous | copper, which contained greater than 99% | tage of total scrap consumption, declined 
but had the advantage of being able to pro- | copper and often could be simply remelted, | from 50%-60% in the 1940’s to about 40% 
cess larger size material, including scrap, | and No. 2 copper, which contained be- | in the 1980’s. The decline in the old scrap 
and produce a higher grade copper matte2® | tween 94.5% to 99% copper and usually | component, relative to new scrap consum- 
Cyprus operated the only domestic elec- | had to be rerefined. In recent years, about | ed, could be correlated not only to an in- 
tric furnace, the Copper Hill smelter, | 1.6 million tons of copper-base scrap, | creasing manufacturing base from which 

356 COPPER MINERALS YEARBOOK—1989



to generate new scrap, but to a changing | was to be calculated. Contracts tended to | U.S. producers abandoned classic producer 
demand pattern in which electrical uses | be for periods as long as 10 years, though | pricing during the 1970’s and 1980’s when 
became more dominant. Essential elec- | various terms were renegotiated at shorter | inventories accumulated on the exchanges 
trical uses, which now form greater than | intervals, and thus provided smelters with | and the COMEX price became more in- 
70% of the market, were less likely to be | secure sources of materials. Without such | fluential and have adopted the first posi- 
scrapped. The long service life for utility | contracts, new mines would find develop- | tion COMEX price as a basis for contract 

| and building cable, among other reasons, | ment financing difficult. Contracts provid- | pricing. During tight markets, however, 
results in a practical limit to the amount and | ed for two types of charges. A treatment | such as that which has existed since late 
rate at which old scrap from this source can | charge was assessed for every ton of con- | 1987, the speculative influence of a 
be recovered. The average life for old cop- | centrate by the smelter, and a refining | COMEX-based pricing system can prove 
per items has been estimated at about 20 | charge was assessed for every pound of | to be less than satisfactory for the con- 
years. Historically, old scrap recovery not | recoverable copper contained. There was | sumer. The conventional producer pricing 
only improved during periods of high refin- | generally a provision for the smelter to par- | system tended to provide less volatility in 
ed copper prices, but also increased at any | ticipate in copper price rises. There also | the market. Periods of speculative interest 
time that primary supplies became scarce, | were penalties for undesirable impurities, | have usually been brief, however. The long 
including the deep depression years of the | such as antimony, arsenic, and bismuth, | period of stock surpluses since 1982 
1930's. and credits or additional payment for | dampened speculative interest until the end 

In the United States, about 44% of total | precious metals in the concentrates. An- | of 1987. Since that time, both producers and 
annual copper consumption was from cop- | ticipated material losses were figured into | consumers increasingly used futures con- 
per in old and purchased new scrap. A | credit terms. tracts and the newly introduced copper op- 
similar percentage, 36%, was consumed in Refined copper prices varied according | tions to hedge their sales and purchases and 
the EC, which collectively comprised one | to its form and purity. Historically, the | protect themselves against fluctuations in 
of the largest sources of copper scrapin the | price for refined wirebar was the | the market. 

| world. The intensity of scrap consumption | “‘bellwether’’ price for refined copper, Table 11 gives average U.S. producers’ 
varied in different parts of the copper in- | because this was the dominant form trad- | copper price by decade in both constant 

_| dustry. For example, scrap made up near- | ed. With the advent of continuous casting | 1987 dollars and current dollars. Based on 
ly all of the copper raw material for ingot | for wire rod, however, high-grade cathode | constant dollars, one must look to the 
makers, who made specialty alloy ingot for | became the dominant form traded. In 1989, | depression era of the 1930’s to find prices 

-| use in foundries. The same was true for | wirebar comprised less than 1% of refined | as low as those occurring in the 1979-88 
mills producing yellow and leaded-yellow | copper trade. Copper wire rod prices were | decade. Since that time, current dollar 
brass rod and for many copper tube mills. | based on the refined copper cathode price | prices have approached the long-term 
In both Europe and the United States, many | plus a processing premium. In the case of | 1901-89 constant dollar average of $1.32 per 
of the smelters and refiners used scrap as | scrap, the spread between the purchase | pound. 
feed, a trend that had been increasing. In | price of scrap and refined copper must be 
recent years, about 40% of refined copper | sufficient to allow for processing costs. TABLE 11 
produced in Western Europe and about Refined prices not only reflect the refined 
24% of refined copper in the United States | shape and its quality, but also to the man- AVERAGE COPPER PRICES, 
was derived from copper scrap. Copper | ner in which it was priced, i.e., through BY DECADE’ 
scrap provided an average of about 19% of | producer’s annually negotiated contracts or (Cents per pound) 

the world’s refined copper annually. Direct | through the London Metal Exchange (LME) 
melt copper and copper alloy scrap, used | or COMEX. Trading in copper began on Average Based on 

mostly by brass mills and foundries, was | the LME January 1, 1877, and on the | Period annual price constant 
‘more than double that used to make refin- | COMEX May 15, 1929. Futures contracts | _ 1987 dollars 
ed copper. changed gradually over the years to corres- | 1870-79 22.88 330.64 

pond to the most active markets. The LME | 1880-89 15.42 210.86 
Economic Factors dropped its wirebar and standard cathode | 1890-99 12.25 169.33 

contracts and beginning January 1989, | j99100 15.05. 213.10 
Prices.—Each copper product, including | traded only the Grade A (high-grade) | jo1019. 1887. + ~»21:72«.56 

scrap, from mine through refinery has a | cathode contract. Similarly, COMEX con- 190090 a3 ah 
distinct pricing mechanism linked, for the | verted to the high-grade cathode contract on 193039 BP SD 
most part, to its copper content and the | January 1, 1990. The spot, or first position, {| —i2@#—--—-TWNJJS 
market price for refined copper. For exam- | price is most often quoted for the exchanges. 1940-4900 14 BF TO 

ple, copper concentrates, which contain | To this price, however, various premiums 1950-59 29-66 131-00 
between 20% and 30% copper, were pur- | and other charges were added to determine | 1960-69 35.51 121.71 
chased on the basis of recoverable copper | the actual price paid by the buyer. 1970-79 65.69 133.22 
content and anticipated smelter and Historically, the U.S. copper producers’ | 1979-88 82.99 92.03 

refinery charges for processing. price series was related to annually | Averages: 
Copper concentrates were sold under | negotiated contract sales with price changes 1870-1988 27.59 160.40 

long-term contracts and included provi- | occurring at periodic intervals. When | ~jo909]-88. 31.37... ~+~«133.75~ 
sions for the delivery of specified quantities | quoted, this price normally included a | 33,22, or mines. Nonferrous Metal Prices in the United States 
and the formula by which the price paid | charge for delivery and insurance. Most | through 1988. special publication, 1989, p. 33. 
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Copper prices not only responded to FIGURE 3 

Changes in the world economy but also to GRAPH DEPICTING SUPPLY LEVELS VS. PRICES 
arge copper inventory accumulation, cop- 
per cartel actions to restrict production, 
which were most effective before World 12 2.0 | 

The relationship of copper prices to U.S. pane ceersesnene sense NQQentntnentntuntnsnieitnnitinanaenenmnnnininnnmennmnnnneninanreente dl & 

supply levels are shown in figure 3. Signifi- |g 1 J enn 
cant events affecting copper supply and de- ST cfeseeneeceneentnetsteseesetseentn| sestenssnnentntnetntscinenatntnnnstnenenanatneinenennmnenenneneenenneneeneneeneed tN \ 
mand, prices, and inventory levels have a | Ni\ 2 

only have accumulated in response t0 [2g 4 eemmmnnninnmnmninmnmnenn tin TK \ \ \ \ \ \ NNR \ \ \ \ \ \ NA 05 ° 
periods of economic recession, but also as 5 2 \ OWT N \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ . \ \ \ 2 
a result of U.S. Government purchases for, = ' Ni \ \ \ \ \ \ \ \ \ \\ \ \ \ \ \ \ \ \ \\ \ \ \ \ \ WN . 

and release from, the National Deiense | 1 }INANNANNANNANANAAWANANNANAWAAAAANA 
Stockpile. High commercial inventory 0 0 
levels had a depressing effect on prices 1956 1969 1962 1966 1968 1971 1974 1977 1980 1983 1986 1989 

when these surplus supplies were released 

mined copper. In addition, whenever com- 
mercial refined copper stocks, for whatever 
reason, fell below 1 month’s supply at Source: Bureau of Mines; Aug 1990. 

prevailing consumption rates, prices took | 
a sharp upward climb. Trends in U.S. cop- 
per inventories since 1955 are shown in 
table 12. | 

Governmental Monetary, Trade, and | 
Other Policies.—Government policies to 
control prices, levy tariffs, impose import | ments on copper trading by COMEX to | In addition, New Zealand had discretionary 
quotas and export controls, provide price | lessen speculation in the metal. Export | import licensing on copper bars and rods. 
supports, lend monies for expansion and | controls on copper products were ter- Most developed countries had most- 
exploration, guarantee production pur- | minated finally in September 1970 as a | favored-nation (MEN) duties on copper and 
chases, levy taxes, and expand or contract | result of the dramatic reversal in supply | copper products. Although copper ores and 
the money supply all have had significant | balance that year from shortage to surplus. | concentrates were frequently MFN duty 
impact on copper supply and demand. In Many other countries also have had ex- | free, duties often increased with various : 
the United States, nearly all of these | port controls on copper products. The EC | stages of processing. Most countries ap- 
mechanisms were applied at one time or | imposed export controls on scrap from 1971 | plied tariffs on wrought copper products 
another. For example, prices were controll- | to yearend 1989. Some countries, such as | and copper chemicals. All developed coun- 
ed at the end of World War I, during and | Taiwan, used import or export licensing | tries also granted duty-free or preferential 
after World War II, during the Korean war | mechanisms to enforce trade restrictions. | rates under the 1974 Trade Act, Generaliz- 
(1950-53), and near the end of the Vietnam | Because of pollution problems at the Tafa | ed System of Preferences (GSP) schemes 
war (1971-74). Industrial District, imports of pollution- | for developing countries. 

U.S. export controls on copper and cop- | prone materials such as insulated electric The U.S. GSP was started on January 1, 
per scrap were implemented during World | wire or cable have been banned by Taiwan’s | 1976, and provided for duty-free treatment 
War II and off and on through much of the | Environmental Protection Administration | for up to 10 years on a wide range of 
1950’s and 1960’s owing to recurring supply | since October 1989. Sweden maintained ex- | articles, including copper, imported dir- 
shortages during this period. On November | port restrictions on copper waste and scrap. | ectly from any developing country 
17, 1965, the U.S. Government announced | Japan has maintained restrictions on cop- | designated as a beneficiary developing 
a four-point program to reduce inflationary | per waste and scrap since 1965. After June | country. There were program limitations to 
pressures on the price of copper that might | 1986, scrap export from Japan was possi- | GSP status based on the value of the im- 
impair the defense effort in Vietnam. The | ble only through a license granted by the | ported article. The EC scheme for GSP 
program called for release of material from | Agency for National Resources and | granted duty-free access to imports of cop- 
the National Defense Stockpile, control of | Energy. Australia also maintained an ex- | per semimanufactures and manufactures 
exports of copper and copper scrap for an | port prohibition on copper and copper alloy | from 89 developing and 38 least developed 
indefinite period, legislation to suspend the | scrap. New Zealand maintained export | countries. The EC also granted duty free 
1.7% per pound import duty on copper, and | restrictions on copper ores, concentrates, | treatment to members of the Lome Con- 

the imposition of higher margin require- | matte, unwrought copper, and copper waste. | vention and Mediterranean countries, 
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a 

TABLE 12 as in Brazil, Chile (small- and medium-size 

U.S. REFINED COPPER INVENTORIES, END OF YEAR! mining sector), and the Philippines. Some 
(Thousand metric tons) countries used protective tariffs to aid 

domestic copper industries, as in Japan and 
| the Republic of Korea; import restrictions, 

Consumers Total US Total | as in Brazil; and direct financial aid 
Year Brass Wire (4. Producers? COMEX* ai. try Governments United | through loan guarantees and assumptions 

mills mills States | of company debt, as in the Philippines. In 

1955 39 20 4 31 0.32 93 802 395 | addition to drastic devaluations of curren- 

1956 446. °«° 356 #9 42,4 .£80 £4,163 845 ~~ © ©1,009 | Cies, these policies were effective in main- : 
1957. 46. °«+48. °«23 99.70 196 918 1,113 | taining production in the face of falling 
1958 447. «234 248 444. #440 442. +41,031. 4,172 dollar-denominated prices. 
19599. «30. 16~*C*~~«NSsSCstCSSC—s‘SDSCStststSS(C(‘#‘®SN:LLB-—S—~SCTDD |; U. S. monetary policies have had a 
1960 ges Lead LF significant effect on the “real” price of cop- 
oO | per, as well as on the general economic 
9613846 GH SO | Well-being and international com- 
96203 4 a GBI «dO __—=i1168 | petitiveness of the U.S. copper industry. 
1963 30 15 4 47 1 97 1,018 1,115 | The stable gold price following the Gold 
1964 31 19 2 31 3 86 994 1,079 | Reserve Act of 1934 had a general stabiliz- 
1965 35 20 5 32 9 101 814 915 | ing effect on most industrial metal prices. 

1966 61 4] 4 39 4 148 410 559 | Beginning with the monetary arrangements 
1967. 435. #2 4%4. oo 22. &42,96 #4250 346 | Of the Bretton Woods Agreement of July 
1968 436. 424 44. 444 &24;}0) 418 242 361 | 1945, which established the World Bank 
1969. 436. 434. ° «244. 35. 44. 4912. 230... 342 and the International Monetary Fund, a 
1970. 38S dee SO number of events had significant effect on 
WIDOT BAER ggg bag ad the value of copper. One of the reasons for 
o7te EO | «6the extreme variability and inflation in cop- 

7m SCM | «per prices since the 1960’s was the 
973789 SS 4 83 | destabilization of monetary arrangements 
1974 33 98 6 92 39 268 32 300 | that followed the U.S. Coinage Act of 1965, 
1975 28 108 6 188 91 420 24 444 | the cessation of silver certificates in 1967, 

1976 33 103 6. 172 182 497 44 541 | the elimination of the gold reserve require- 
1977 31 105 6 212 167 522 41 543 | ment in 1968, and the abandonment of fix- 
1978. 4o88 63 47 4453 4163 4414 + ° #24+»2. 435 | ed exchange rates in 1973. International 
1999. 25. 44° 9 64. 90 232. 20. 252 | debt reached record heights as a result of 
19:0. 22 «50-0—CSSC(C*«‘C*SSSSSSCtSCSCS~SQSS~«S.sC|:CHe’ Vietnam war and extensive borrowing 

198126 109~S~C~SSiSaTO~CS SSS _—_—ias*| dO by the less developed countries in pur- 
ao —_~___— | suit of economic expansion during the 
1982025 SCC 1960's and early 1970’s. These debts were 
1983 6G SS TC compounded by the Organization of 

19842734 SC | Petroleum Exporting Countries cartel ac- 
1985 20. —«100 5 66 109 300 20 320 | tion to increase the price of petroleum in 
1986 14 66 5 "35 84 205 20 "224 | 1974 and again in 1978. Oil shortages, in- 

1987 15 28 "3 29 17 93 20 "112 | flationary prices, and economic downturns 
1988 17 29 4 16 12 78 20 9g | began to adversely affect world markets. 

79899. #212. 32 49 8 445 484 20 106 | Many of the developing countries adopted 
Rana «| austerity measures because of heavy debt 
1Semifabricated forms such as rod, sheet, etc., at consumers are not included. Data source was various issues of Bureau of Mines burdens, including devaluation of curren- 

Mee ven oo a ne chapter. Bureau worksheets for the years 1955-70. Data for 1955-86 have been published in the cies by as much as 600% against the US. 

2Stocks held by ‘ngot-makers, eniscellancous manufacturers, foundries, and chemical plants. Data for the years 1955-64 estimated based dollar. . When inflationary pressures built up 

on partial data in the United States, the Federal Reserve 
‘Dee Commie Eavhange Ine. New York. Board restrained the money supply and in- 

. 5General Services Administration Inventory of the National Defense Stockpile. creased interest rates. 

The sustained strength of the U.S. dollar 
through the mid-1970’s and 1980’s and the 

including Yugoslavia. Imported copper | to MEN rates ranging from 3.2% to 7.3% | series of devaluations by other countries to 

ores and concentrates enjoyed duty-free | on the value. Imports of copper manufac- | improve their balance of payments severely 

MEN status in Japan and accounted for | tures were subject to even higher rates. | impacted the competitiveness of the U.S. 
about 70% of total Japanese imports. MFN In recent years, some countries sought | copper industry. The effects of a strong 
rates for matte and copper scrap were also | to promote copper production through tem- | dollar, high interest rates, and of high en- 
zero. Other unwrought copper was subject | porary guaranteed price-support systems, | ergy, labor, and environmental compliance 
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costs combined with the effect of copper TABLE 13 

wreved to ane  cepressed world market FACTORS AFFECTING COPPER PRODUCTION COSTS FOR MAJOR 
mines. In response, the U.S. industry im- MEC COPPER PRODUCERS | 
plemented innovative technology and pro- (U.S. dollars per pound of copper) 
ductivity measures to cut costs. Con- 

siderable financial restructuring that often Production costs Cost changes, 1981-87 Production costs 
involved ownership changes also was at common mines, Byproduct. Inflation- ‘Technical at common mines, 

necessary to gain sufficient capital to carry 1981 credit? exchange rate? —_—_factors* 1987 

out the changes. Canada 0.48 0.06 0.24 -0.35 0.45 
Chile .46 05 -.21 .00 .30 

Operating Factors Mexico | 61 06 -.19 01 49 
Peru .63 .0O .16 -.24 JD 

Costs—Production.—In recent years all | Philippines -63 --09 -.05 -.02 47 
domestic and most world producers | United States .84 .04 .33 -.68 53 
endeavored to cut production costs in an | Zaire | 48 02 -.39 34 45 
effort to remain competitive through | Zambia  ##§ £71 4-04-48 #&2«49 © 4. 

periods of prolonged depressed prices, | ‘poner, x E. au P.R. Thomas, Inemational Compettivenes of US. Copper Production, 1981-87, Burea of Mines. Mineral owes 
such as that experienced during the | 1989, Table 2-3, p. 14. 

mid-1980's. Domestic P rodu cers adjusted sRepresents the cunbined Petent of changes i inflation and exchanae rates. A veotive value refects an over devaluation of local curren- 
mine plans, reduced stripping ratios, and | cy in relation to local inflation. 
raised cutoff grades. Large capital in- | ‘Included are the impacts of changes in stripping ratios, feed grades, smelting and refining charges, labor force and wage rates, 
vestments were ma de in new in-pit repute ti on son i ene idl a Jmplemenieg to reduce costs and improve competitive positions. It was not possible to disag- 

crushing and conveying systems and on 
mill and concentrator expansions or 
replacements. Lower cost SX-EW capaci- 

ty was expanded to process both oxidized Capital.—An analysis of total develop- | individual projects, such as the Escondida 
ores and the higher grade waste dumps | ment costs for 60 new mine projects in | Mine were to cost more than $1 billion to 
resulting from increased cutoff grades. | Australia, Brazil, Botswana, Burma, | bring into production. The average of 19 | 
Consolidation of assets through ownership | Canada, Chile, Indonesia, Pakistan, | SX-EW projects was $63 million, including 
changes improved operating efficiencies. | Panama, Papua New Guinea, Peru, the | expansions at existing plants. 
Overall labor costs were reduced through | Philippines, Portugal, Turkey, and the 
improved employee productivity and wage | United States indicated an average of $8,100 Environmental Requirements.—The 
and work-rule concessions by union and | per ton of copper capacity must be invested | many environmental protection laws and 
nonunion miners. Productivity at mines, in | to bring a new mine on-stream. Mine ex- | regulations that have been promulgated in 
terms of worker hours per ton of copper | pansions at established mines, on the other | the United States since the late 1960’s have 
produced, declined from more than 40 | hand, averaged $3,200 per ton of copper | impacted the copper industry in many 
hours in 1980 to 28 hours in 1983 to an | capacity. A new SX-EW plant cost an | ways. Most of the cost of compliance with 
average 18 hours in the 1985-90 period. | average of $2,400 per ton and a new | environmental regulation was incurred at 
Similar cost savings were realized through | smelter an average of $1,800 per ton of cop- | the smelter level. Although some regula- 
smelter renovations and renegotiation of | per to construct. New mine costs varied | tions have resulted in offsetting costs 
smelter contracts. widely with location, size, and type of | through production of an additional salable 

Byproduct values and the combined af- | mine; for example, the 300,000-ton-per- | product, such as sulfuric acid and reduc- 
fects of inflation, Governmental monetary | year Escondida open pit mine in Chile was | ed operating costs in modernized smelters, 
policy, and exchange rates also affected | estimated to cost about $3,200 per ton of | the net effect has been to increase total 
operating costs. A study prepared by the | copper, whereas the proposed Geddes | operating costs. 
Minerals Availability Field Office, Bureau | underground mine in British Columbia and Laws and regulations in force that affect 
of Mines, Denver, CO, compared operating | Olympic Dam Mine in Australia were | U.S. copper operations include those pro- 
cost factors for 89 mines operating in both | around $10,000 per ton, according to | mulgated under the Federal Clean Water 
1981 and 1987. Table 13 shows the impact | published estimates. Act, the Clean Air Act of 1970, the National 
that technical factors, byproduct values, and Total project financing also varied with | Environmental Policy Act of 1969, the Solid 
the combined affects of inflation and ex- | location, size, and type of mine. Financing | Waste Disposal Act (RCRA) of 1976, the 
change rate (I/ER) had on production costs. | required for expansion at an existing mine | Federal Surface Mining Control and 
In the United States, technological im- | ranged from $48 million for the Morenci, | Reclamation Act, the Toxic Substances 
provements overcame a competitive disad- | AZ, expansion to $500 million for the | Control Act, CERCLA, and numerous 
vantage from shifting byproduct credits and | Chuquicamata, Chile, expansion. Of the | State laws concerned with mining techni- 
I/ER. Conversely, devaluation of the | total 60 projects analyzed, the average new | ques, reclamation of mined lands, air and 
kwacha and improved byproduct prices | mine would cost $300 million to develop. | water pollution, and solid waste disposal. 
allowed Zambia to remain competitive | Of 11 new mine projects in Peru, the | Transportation of mineral and hazardous 
despite deteriorating technical factors! average cost was about $400 million. Some | substances is also regulated. Ground water 
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regulations in Arizona were being | from primary selenium production, were | grinding, concentration, and ore transpor- 
developed and could have a greater impact | omitted for further consideration of exclu- | tation. The use of larger flotation cells has 
on the copper industry than surface water | sion. This final rule contained a modified |.improved process efficiency and also 
quality. The new Arizona Aquifer Protec- | definition of “‘processing of ores and | lessened energy usage. Hydrometallurgical 
tion Permit program was expected to have | minerals” that incorporated leaching opera- | processes for copper recovery, such as the 
important impact by 1990. Arizona already | tions and roast leaching operations and a | SX-EW recovery of copper, required more 
had a Groundwater Protection Permit Pro- | modified definition of “large volume.” On | energy than pyrometallurgical processes. 
gram? September 25 (see FR 39298), EPA nar- | Electrowinning consumes 21 to 24 million 

Under the 1980 Bevill Amendment to | rowed the list of conditionally retained | British Thermal Units (Btu) per ton of 
RCRA, solid wastes from the extraction, | wastes to only 13. cathode, or almost 20% of the total re- 
beneficiation, and processing of ores and On January 23, 1990, EPA issued a final | quired from mine to refining stages. The 
minerals were temporarily exempted from | rule that retained 15 wastes, in addition to | in situ extraction of copper was the least 
regulation as hazardous wastes under sub- | the 5 retained in the September 1 notice, | energy consuming process, despite the low 
title C, pending a comprehensive study to | within the exclusion pending preparation | (50%) recovery. Energy consumption in 
determine potential hazard and feasibility | of a final report to Congress and subse- | dump leaching was higher owing to pum- 
of treatment. EPA published an interim in- | quent Regulatory Determination. In addi- | ping requirements for leachate circulation 
terpretation that placed wastes from ex- | tion to copper slag, the copper processing | and cementation. The combined total 
ploration, mining, milling, smelting, and | wastes retained were calcium sulfate | energy required for dump leaching, cemen- 
refining within the exclusion pending com- | wastewater treatment plant sludge from | tation, and refining is about 94 million Btu 
pletion of a report to Congress. Acting | primary copper processing and slag tailings | per ton of cathode copper:5 
under a court-ordered deadline, in 1986 | from primary copper processing. Flash furnace technology and the Noran- 
EPA issued its regulatory determination in The major thrust to the Clean Water Act | da and Mitsubishi continuous smelting 
which it concluded that subtitle C regula- | (an amalgam of numerous acts and amend- | technologies have resulted in energy sav- 
tion was not warranted at that time for min- | ments, including the Federal Water Pollu- | ings. Energy consumption in millions of 
ing and beneficiation wastes. tion Control Act of 1972 and Clean Water | Btu per ton of refined copper recovered 

However, EPA’s determination of the | Act of 1977 and some 23 amendments) and | were reported as follows: Outokumpu flash 
scope of the Bevill exclusion was challeng- | its legal interpretations is through its | smelting (18.92 million Btu), Inco flash 
ed in court, and in October 1988, the court | elimination of pollutant discharge into | smelting (21.25 million Btu), Noranda con- 
found that the intent of the Bevill exclusion | navigable waterways through the National | tinuous smelting (24 million Btu), Mit- 
was to include only those wastes from pro- | Pollutant Discharge Elimination System | subishi continuous smelting (19.16 million 
cessing ores that met a special waste | (NPDES), which provides for a permitting | Btu), and Oxy Fuel Reverberatory smelting 
criteria of high volume and low hazard. In | system to cleanup discharge of process | (26.62 million Btu).® 
compliance with the court, on October 20, | wastewater, mine drainage water, storm- | _— =. _~_>___ 
1988, (see 53 FR 41288) EPA published a | water runoff, and nonpoint sources. At U.S. 1A] quantities in this chapter are given in metric tons unless 
proposal to define the scope of the exclu- | copper mills, processing plants, and | otherwise specified. 
sion and listed 15 wastes it believed met the | semifabricating plants most process water tion Law. Aup. 1985, p. 10 Nevada Bnacts Mine Reclama- 
necessary criteria. On April 17, 1989, (see | was reclaimed and reused, particularly in | — syontana Standard. County Stands to Gain From Ore Tax 
54 FR 15316) the agency published a revis- | the southwest where there is a chronic | Change. Butte, MT, Apr. 1, 1989, p. 2. 
ed list containing 6 wastes that it believed | water deficit. Mine water discharge pro- ‘The Wall Street Journal. Labor of Love, How Cyprus 
met all the necessary criteria, and an ad- | blems usually occur when a mine and mill Union Loyalties hee 8 ‘ono wousss Away From Their 
ditional 33 wastes that they proposed to | shuts down, largely because there is no sAmerican Metal Mathet Coppe + Firms Lag on Incentive 
conditionally retain pending further study. | place, such as a mill, to use the continuous- | pjans. v. 97, No. 119, June 20, 1989, pp. 1, 20. 
EPA felt that these 33 wastes met the high- | ly discharging mine water ‘Southwestern Pay Dirt. Cyprus Miami Workers Receive 
volume criteria but that they had insuffi- Bonus. Jan. 1990, p. 9A. 

cient data to determine if they meta low- | Energy Requirements.—Open pit min- eS Incorporated. 1989 Company Annual Report, 
hazard criterion, established, for the first | ing may extend to as much as 1,500 feet | ° Cyprus Minerals Co. 1989 Company Annual Report, pp. 
time, in the April proposal. below the rim, and the energy required for | 5, 9, 27 

On September 1, 1989, (see 54 FR | hauling rock from such depths becomes an |  °Southwestern Pay Dirt. SRP Adds Extra Charge for Elec- 
36592) EPA published a Final Rule for | important cost factor. Hauling by truck was | ‘ity to Cyprus Miami. Aug. 1989, p. 5A. 
Bevill exclusion criteria and proposed a | estimated to consume as much as 54% of | | Magma Copper Co. 1989 Company Annual Report, 44 
final list of 5 wastes to be temporarily re- | total processes in the pit, including drill- Phelps Dodge Corp. 1989 Company Annual Report, pp. 
tained within Bevill, including slag from | ing, blasting, loading, hauling, and an- | 4, 21. 
primary copper processing, as well as a | cillary processes. Grinding and concentra- "Southwestern Pay Dirt. Arizona Mine Valuations Up 

reduced list of only 20 mineral processing | tion consume about 45% of the energy us- | Spy. Nov. 1989, p. 12. . 
os : . eae 13The Wallace Miner. Seepage From Tailings Pond Draws 

wastes for conditional retention. Four | ed in the milling. The lower the ore grade, | Goucem. wallace, ID, Mar. 30, 1989, p. 2. 
wastes, including acid plant and scrubber | the more ore that must be processed and 14Southwestern Pay Dirt. New Mexico Agency Weighs 
blowdown from primary copper process- | the finer the grinding required and thus, | Comment on Cyprus Deming Mill. Nov. 1989, p. 20A. 
ing, were permanently removed from the | more energy consumed. ''———. Cyprus May Go Joint Venture on Long-Closed 
Bevill exclusion. Two other copper | Major improvements in energy use in ePages 27.28 ee BP. eon 9 
associated wastes, bleed electrolyte from | mining and milling have been made in re- '7Southwestern Pay Dirt. Pinos Altos Joint Venture Pact 
primary copper refining and wastewater | cent years through improved strategies in | Near Completion. Sept. 1989, p. GA. 

COPPER MINERALS YEARBOOK—1989 361



. 18Southwestern Pay Dirt. Magma Still Smelting for Cyprus; Arbitra- 32Helmer, E. D. The Clean Water Act; Its Effect on a Copper Pro- Other Sources 

tion Seen for Fuss. Aug. 1989, p. 3A. ducer. Magma Copper Co., San Manuel, AZ, 7 pp. 

. 19Corporacion Nacional del Cobre de Chile. 14th Annual Report, 33Federal Register. V. 55, No. 15, Jan. 23, 1990, pp. 2322-2354. ABMS Non-Ferrous Metal Data. 

1989, 41 Pp. . “Work cited in footnote 31. American Metal Market, New York (dail *Witter, G. Canadian Minerals Yearbook, 1989. pp. 24.124.3.22. | sss Department of Energy. An Environmental Protection Agen- , (daily 

: irene ne Dee omnote or the World Copper cy, Mining Waste Exclusion: Section 3010 Notification for Mineral Pro- P aper) ° 
. ie . wgece : “1: ,° : * ° Industry 1990. London, England, Apr. 1990, p. 19. cessing Facilities, Designated Facility Definition Standards Applicable Copper Development Association Inc. Cop- 

| 23Prain, Sir. Ronald. Copper. The Anatomy of an Industry. Min. J. | © Proven and N -_ aste veal Re of Energy Requirements | per Supply and Consumption, 1989. 

Books Ltd., London, 1975, pp. 42-43. vente DE-ASGITBeett eon Copper and Brass Fabricators, U.S. brass mill The Copper Mill Products Industry. Prepared by CRU Consultants | Cmact DE-ASO7‘78CS40132), Dec. 1980, 361 pp. Ppe un 
Inc. Dec. 1989, pp. 3.1-3.20. Available from Center For Metals Pro- **Work cited in footnote 35. trade. 
duction, Pittsburgh. : : * at 

25Cranstone, D. A. and A. Lemieux. Base Metals: Today’s Explora- Engineering and Mining Journal. 

tion Challenge. Congres Annuel de l’Assoc. des Prospecteurs du Quebec, | OTHER SOURCES International Wrought Copper Council. An- 
Val-d’Or, Quebec, Canada. Sept. 14-16, 1988, 6 pp. nual Statistics 

26U.S. Department of Defense. Strategic and Critical Materials Report | Bureau of Mines Publications Metal Bull 7 (London) 
to the Congress. Feb. 1990, pp. 4-5. . . . e uiletin (London). 

27Bureau of Mines. Copper. Ch. in An Appraisal of Minerals Copper. Ch. in Mineral Commodity Sum- k 

Availability for 34 Commodities. BuMines B 692, 1987, pp. 81-94. | maries, annual. Metals Week. 
28Davenport, W. G., and E. H. Partelpoeg. Flash Smelting, Analysis, : Minin ner Jo . 

Control and Optimization. Pergamon Press, New York, 1987, pp. 1-16. Copper. Rep orted monthly and annually In . 8 Co 8 ess urnal 

Melcher, G. The KHD-Contop Process. Met. Bull. Monthly, Aug. | Mineral Industry Surveys. | Mining Engineering. 
1983, pp. 23-27. . : : eae +s 

3%Jolly, J. L. Copper. Ch. in Nonferrous Metal Prices in the United Coppe I. Ch. im Minerals Availability for 34 Mining Journal (London) ° 

States Through 1988. BuMines Spec. Publ., 1989, pp. 27-35. Commodities Bulletin 697, 1987. Roskill, The Economics of Copper 1988 
31Porter, K. E., and P. R. Thomas. International Competitiveness : : 

of U.S. Copper Production, 1981-87. BuMines Mineral Issues, 1989, Cop P cr. Ch. in Mineral Facts and Problems, (London). . 

pp. 8-22. 1985 Edition, Bulletin 675. World Metal Statistics (WBMS, London). 

TABLE 14 

MINE PRODUCTION OF RECOVERABLE COPPER IN THE 

UNITED STATES, BY MONTH AND BY STATE 
(Metric tons) . 

1985 1986 1987" 1988" 1989 

Month: 

January 92,696 98,725 101,563 110,863 127,188 

February | 87,087 86,953 92,154 102,507 121,491 

March 100, 168 96,343 105,904 120,936 134,205 

April 93,639 93,840 98,040 111,851 125,521 | 

May 96,832 97,117 104,404 120,981 127,860 

June 90,223 95,879 - 102,007 115,826 121,759 

July 90,711 94,777 104,000 116,131 122,518 | 

August 87,444 94,418 107,004 128,163 127,516 

September 81,896 97,201 105,180 120,031 122,490 

October 94,218 99,969 104,586 123,646 125,174 

November 91,384 92,253 108,324 121,308 118,169 

December 98,525 96,738 110,430 124,685 123,567 

Total 1,104,823 1,144,213 1,243,596 1,416,928 1,497,458 

State: 

Arizona 795 ,622 786,111 751,031 842,728 898,315 

New Mexico W W 246,532 258,660 259 ,432 

Michigan, Montana, 

Utah WwW 78,950 222,432 295,489 314,313 

Other States! 309,201 279,152 23,601 20,051 25,398 

Total 1,104,823 1,144,213 1,243,596 1,416,928 1,497,458 

"Revised. W Withheld to avoid disclosing company proprietary data, included in ‘‘Other States.’’ 

‘Includes California, Colorado, Idaho, Illinois, Missouri, and Tennessee. 1985 includes Michigan, Montana, New Mexico, and Utah; 

1986 includes New Mexico; 1987 includes Washington. 
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TABLE 15 

TWENTY-FIVE LEADING COPPER-PRODUCING MINES IN THE UNITED STATES IN 1989, 

IN ORDER OF OUTPUT 

Capacity 

Rank Mine County and State Operator Source of copper (thousand 
metric tons) 

1 Morenci Greenlee, AZ Phelps Dodge Corp. Copper-molybdenum ore, concentrated and leached 305 

2 Bingham Canyon Salt Lake, UT Kennecott, Utah Copper Corp. do. 245 

3 Tyrone Grant, NM Phelps Dodge Corp. and Burro 
Chief Copper Co. Copper ore, concentrated and leached 160 

4 Chino do. Phelps Dodge Corp. Copper-molybdenum ore, concentrated and leached 150 

5 San Manuel Pinal, AZ Magma Copper Co. | do. 130 

6 Ray do. ASARCO Incorporated Copper ore, concentrated and leached 125 

7 Sierrita Pima, AZ Cyprus Sierrita Corp. Copper-molybdenum ore, concentrated and leached 117 

8 Bagdad Yavapai, AZ Cyprus Bagdad Copper Co. do. 97 

9 Pinto Valley Gila, AZ Pinto Valley Copper Corp. do. 92 

10 Inspiration do. Cyprus Miami Mining Corp. Copper ore, leached 65 

11 Mission Complex Pima, AZ ASARCO Incorporated Copper ore, concentrated 70 

12 White Pine Ontonagon, MI Copper Range Co. do. 50 

13 Continental Silver Bow, MT Montana Resources Inc. Copper-molybdenum ore, concentrated 50 

14 Troy Lincoln, MT = +  ASARCO Incorporated Copper-silver ore, concentrated 18 

15 San Xavier Pima, AZ do. Copper ore, concentrated 15 

16 Casteel Iron, MO The Doe Run Co. Lead-copper ore, concentrated NA 

17 Twin Buttes Pima, AZ Cyprus Sierrita Corp. Copper ore, leached 20 

18 Miami Gila, AZ Pinto Valley Copper Corp. do. 6 

19 Silver Bell Pima, AZ ASARCO Incorporated do. . 5 

20 Pinos Altos Grant, NM Cyprus Pinos Altos Corp. Copper ore, concentrated 8 

21 Buick Iron, MO The Doe Run Co. Lead-zinc ore, concentrated NA | 

. 22 Lakeshore Pinal, AZ Cyprus Casa Grande Corp. Copper ore, leached 5 

23 Magmont Iron, MO Cominco American Incorporated § Lead-zinc ore, concentrated NA 

24 Viburnum No. 28 do. The Doe Run Co. Lead-copper ore,. concentrated | NA 

25 Fletcher Reynolds, MO do. Lead-zinc ore, concentrated NA 

NA Not available. 

TABLE 16 

MINE PRODUCTION OF COPPER-BEARING ORES AND RECOVERABLE COPPER CONTENT OF ORES 

PRODUCED IN THE UNITED STATES, BY SOURCE AND TREATMENT PROCESS 
(Metric tons) 

Source 1985 1986 1987 1988 1989 

and treatment Gross __ Recoverable Gross _ Recoverable Gross _Recoverable Gross Recoverable Gross Recoverable 

process weight copper weight copper weight copper weight copper" weight copper 

Mined copper ore: . 

Concentrated 164,029,000 905,537 170,020,000 906,072 201,434,000 991,857 ‘222,268,000 1,113,287 230,526,000 1,126,382 

Leached! 1,161,000 98,453 2,456,000 135,448 1,198,000 ‘162,324 1,308,000 '227,992 6,736,000 '311,885 

Total 165,190,000 1,003,990 172,476,000 1,041,520 202,632,000 “1,154,181 ‘223,576,000 1,341,279 237,262,000 1,438,267 

Copper precipitates 
shipped; leached 
from tailings, dump, 
and in-place material 118,096 82,948 111,050 79,031 110,511 70,136 “69,683 49,299 47,388 34,485 

Miscellaneous: 

Silver ore 1,004,000 3,745 552,000 2,599 275,000 1,194 464,000 2,098 538,000 2,355 

Lead ore 6,433,000 13,410 3,336,000 7,405 W 4,463 5,357,000 8,176 — — 

Other copper- 
bearing ores? 4,867,000 729 2,513,000 13,659 5,766,000 13,622 4,864,000 16,077 14,653,000 22,352 

Grand total XX 1,104,823 XX 1,144,213 XX 71,243,596 XX 1,416,928 XX 1,497,458 

"Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
MIncludes electrowon from concentrates roast-leached. 

7Includes copper-lead ore, gold ore, gold-silver ore, lead-zinc ore, molybdenum ore, tungsten ore, zinc ore, fluorspar, flux ores, cleanup, ore shipped directly to smelters, and tailings. 

3Data may not add to totals shown because of independent rounding. 
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TABLE 17 

RECOVERABLE COPPER, GOLD, AND SILVER CONTENT OF | 

CONCENTRATED COPPER ORE IN 1989 

Ore Recoverable metal content Value of 
concentrated TT gold and 

State (thousand Copper Gold Silver silver per 
metric SS (troy (troy metric ton 
tons) Metric tons Percent ounces) ounces) of ore 

Arizona 141,808 667,911 0.47 44,959 5,311,926 $0.32 

Other! 88,718 480,769 34 W 11,582,676 W 

Total or average ; 230,526 1,148,680 50 W 16,894,602 W 

W Withheld to avoid disclosing company proprietary data. 

1Includes Idaho, Michigan, Montana, Nevada, New Mexico, and Utah. 

TABLE 18 

BLISTER AND ANODE COPPER PRODUCED IN THE UNITED STATES, 

BY SOURCE OF MATERIAL oa a 
(Metric tons) 

Source 1985 1986 1987 1988 1989 

Ores and concentrates: 

Domestic 939,257 908,087 972,141 "1,042,954 "1,120,445 

Foreign 1,424 WwW WwW WwW WwW 

Secondary materials 250, 138 287,841 276,640 320,201 359 ,066 

Total 1,190,819 1,195,928 1,248,781 1,363,155 1,479,511 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Domestic.”’ 

'NIncludes production from foreign ores and concentrates. 

TABLE 19 

REFINERY PRODUCTION IN THE UNITED STATES 
(Metric tons) 

1985 1986" 1987 1988" 1989 

PRIMARY 

Electrolytic! 966,778 948 ,623 965,621 1,178,028 1,164,948 

Electrowon 90,463 125,357 161,287 227,992 311,885 

Fire refined WwW WwW W WwW WwW 

Total? 1,057,241 1,073,981 1,126,908 1,406,020 1,476,833 

SECONDARY 

Electrolytic 264,834 292,686 311,312 347,442 376,595 

Fire refined 106,953 113,258 103,426 98,985 100,323 

Total? 371,787 405,944 414,738 446,427 476,918 

Grand total? 1,429,028 1,479,925 1,541,646 1,852,447 1,953,751 

Primary domestic materials? 1,003,713 41,073,981 41,126,908 41,406,020 1,351,748 

Primary foreign materials? 53,528 WwW WwW W 125,085 

Secondary materials 371,787 405 ,944 414,738 446,427 476,918 

Total? 1,429,028 1,479,925 1,541,646 1,852,447 1,953,751 

"Revised. W Withheld to avoid disclosing company proprietary data. 

MIncludes fire-refined copper. 

?Data may not add to totals shown because of independent rounding. 

3The separation of refined copper into metal of domestic and foreign origins can only be approximated at this stage of processing. 

‘Includes primary foreign materials. , 
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TABLE 20 

APPARENT CONSUMPTION OF COPPER POWDER AND FLAKES 

IN THE UNITED STATES 

Production ss mports _EXports Apparent 
Year (metric Quantity | Value Quantity Value consumption! 

| tons) (metric tons) (thousands) (metric tons) (thousands) (metric tons) 

1978 16,992 1,153 $4,300 1,713 $4,597 16,432 

1979 17,411 1,062 4,832 1,781 6,453 16,692 

1980 13,203 896 4,675 1,766 6,397 12,333 

1981 13,594 1,239 5,635 1,129 4,441 13,704 

1982 9,686 1,064 4,521 959 3,834 9,791 

1983 11,455 1,400 5,300 786 2,799 12,069 

1984 12,783 1,490 5,341 893 3,419 13,380 

1985 9,776 1,143 4,601 1,141 4,074 9,778 

1986 7,898 1,277 5,198 1,367 5,353 7,808 

1987 8,440 1,154 5,843 2,240 11,239 7,354 

1988 . 9,370 1,430 | 9,180 2,664 11,074 8,136 

'Production plus imports minus exports. 

Sources: Bureau of Mines and U.S. Department of Commerce, Bureau of the Census. 

TABLE 21 

PRODUCTION, SHIPMENTS, STOCKS, IMPORTS, AND EXPORTS OF 

COPPER SULFATE IN THE UNITED STATES 
(Metric tons) 

$$ ; cks, 

Year Quantity Copper Shipments Dec. 31 Imports Exports 

1985 32,740 8,265 31,952 4,353 2,958 NA 

1986 34,154 8,616 33,540 4,967 2,683 NA 

1987 33,340 8,418 35,338 2,969 4,765 NA 

19899 88,187 88 88912 88S Ci(‘aSS«SASG 
NA Not available. 

1Includes consumption by producing companies. 

TABLE 22 

BYPRODUCT SULFURIC ACID (100% BASIS) PRODUCED IN THE 

UNITED STATES’ 
(Metric tons) 

Plant type 1985 1986 . 1987 1988 1989 
Copper? 2,230,257 2,308,804 2,542,602 2,892,655 3,075,859 

Lead? 267,159 122,228 116,311 133,672 155,899 

Zinc* 430,946 379,803 410,460 416,617 409 ,564 

Total 2,928,362 2,810,835 3,069,373 3,442,944 _ 3,641,322 

'Nncludes acid from foreign materials. 

?Excludes acid made from pyrite concentrates. . 

3Includes acid produced at molybdenum plants to avoid disclosing company proprietary data. - 

“Excludes acid made from native sulfur. 
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TABLE 23 

COPPER RECOVERED FROM SCRAP PROCESSED IN THE 

UNITED STATES, BY KIND OF SCRAP AND FORM OF RECOVERY 
(Metric tons) 

1985 1986 1987 1988" 1989° 

KIND OF SCRAP , 

New scrap: 

Copper-base 621,984 635,495 689,999 764,490 731,629 

Aluminum-base 13,330 22,891 25,871 24,104 23,761 

Nickel-base 328 - 221 240 118 47 

Zinc-base | 35 27 12 | _— _ 

Total 635,677 658,634 716,122 788,712 755,437 

Old scrap: , 

Copper-base 487,199 461,490 481,460 498,797 526,534 

Aluminum-base 15,459 | 15,859 16,401 19,271 | 16,957 

Nickel-base 689 84 70 86 78 

Zinc-base 60 36 6 | 25 27 

Total 503,407 477,469 497,937 518,179 543,596 

Grand total 1,139,084 1,136,103 1,214,059 1,306,891 1,299,033 

FORM OF RECOVERY , 

As unalloyed copper: 

At electrolytic plants 264,835 292 ,686 311,312 347,442 376,595 

At other plants . 122,834 121,760 . 112,445 109,036 110,385 

Total 387,669 414,446 423,757 : 456,478 486,980 

In brass and bronze 716,833 ~ 671,184 736,725 ~ 800,221 767,951 

In alloy iron and steel 2,498 1,366 973 763 546 

In aluminum alloys 29,423 45,781 47,932 45,632 41,356 

In other alloys 1,803 359 506 327 252 

In chemical compounds 1858 2,967 4,166 3,470 1,948 

Total 751,415 721,657 790,302 850,413 812,053 

Grand total 1,139,084 1,136,103 . 1,214,059 . 1,306,891 1,299,033 

"Revised. | 

1Data do not include copper sulfate. 

TABLE 24 

COPPER RECOVERED AS REFINED COPPER AND IN ALLOYS AND 

OTHER FORMS FROM COPPER-BASE SCRAP PROCESSED IN THE 

| UNITED STATES, BY TYPE OF OPERATION 
(Metric tons) 

Fron new scrap From old scrap Total 
Type of operation — i ———_—_—-——_——_ 

1988 1989 1988 1989 1988 1989 

Ingot makers 24,383 22,523 127,317 120,621 151,700 143,144 

Refineries! 146,258 140,836 300, 169 336,082 446,427 476,918 

Brass and wire-rod mills 573,071 549,399 35,590 35,031 608,661 584,430 

Foundries and manufacturers 20,403 18,542 32,626 33,181 53,029 $1,723 

Chemical plants 375 329 3,095 1,619 3,470 1,948 

Total 764,490 731,629 498,797 526,534 1,263,287 1,258,163 

"Revised. 
1Electrolytically refined and fire-refined scrap based on source of material at smelter level. 
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TABLE 25 | 

PRODUCTION OF SECONDARY COPPER AND COPPER-ALLOY | 

PRODUCTS IN THE UNITED STATES, BY ITEM PRODUCED 

FROM SCRAP 
(Metric tons) . 

Item produced from scrap 1988 | 1989 

UNALLOYED COPPER PRODUCTS 

Electrolytically refined copper 347,442 376,595 

Fire-refined copper "98,985 100,323 | 

Copper powder 9,370 | 9,389 

Copper castings 681 673 

Total | “456,478 486,980 

ALLOYED COPPER PRODUCTS 

Brass and bronze ingots: 

Tin bronzes 24,952 18,984 

Leaded red brass and semired brass 108,376 109,746 

High-leaded tin bronze 8,022 8,137 . 

Yellow brass 8,831 8,181 

Manganese bronze 8,691 8,437 

Aluminum bronze 8,804 7,274 

Nickel silver 3,538 4,701 

Silicon bronze and brass 5,437 5,702 

Copper-base hardeners and master alloys “7,080 10,771 

Miscellaneous “6,564 4,024 | 

Total “190,295 185,957 

Brass mill and wire-rod mill products 750,096 713,363 | 

Brass and bronze castings 40,975 46,938 

Brass powder 252 259 

Copper in chemical products 3,470 1,948 

Grand total! "1,441,564 1,435,445 

"Revised. 
1Data may not add to totals shown because of independent rounding. 

TABLE 26 

COMPOSITION OF SECONDARY COPPER-ALLOY PRODUCTION 

IN THE UNITED STATES 
(Metric tons) 

Copper Tin Lead Zinc Nickel Aluminum Total! 

Brass and bronze ingot production: 

1988" 152,173 6,156 10,957 20,623 351 35 190,295 

1989 150,248 5,693 10,003 19,499 481 32 185,957 

Secondary metal content of brass mill products: 

1988 3611,763 780 1,721 133,663 2,168 1 3750,096 

1989 3582 ,692 585 2,180 125,059 2,848 1 3713,363 

Secondary metal content of brass and bronze castings: 

1988" 37,064 863 1,249 1,705 39 55 40,975 

1989 42,396 922 1,303 2,005 138 175 46,938 

"Revised. 
'Data may not add to totals shown because of independent rounding. 

2About 96% from scrap and 4% from other than scrap in 1988 and in 1989. 

3Includes copper recovered from scrap at wire mills to avoid disclosing company proprietary data. 
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TABLE 27 

STOCKS AND CONSUMPTION OF PURCHASED COPPER SCRAP IN THE UNITED STATES IN 1989, 

BY CLASS OF CONSUMER AND TYPE OF SCRAP 
(Metric tons, gross weight) . 

Consumption | 

Class of consumer and type of scrap Stocks, Net New Old Stocks, 
Jan. 1} receipts Total Dec. 31 

scrap scrap 

SECONDARY SMELTERS/REFINERS 

No. 1 wire and heavy 1,598 131,664 87,370 34,810 122,180 11,082 

| No. 2 wire, mixed heavy and light 21,370 338,572 41,155 301,751 342,906 17,036 

Composition or soft red brass 1,973 38,479 6,166 32,657 38,823 1,629 

Railroad-car boxes | 88 534 — 523 523 99 

Yellow brass 2,434 64,938 38,098 27,252 65,350 2,022 

Cartridge cases 13 526 — 508 508 31 
Automobile radiators (unsweated) 3,806 92,238 — 94,444 94,444 1,600 

Bronze 1,092 15,159 2,594 12,808 15,402 849 

Nickel silver and cupronickel 578 3,837 837 3,304 4,141 274 

Low brass 697 2,598 385 2,214 2,599 696 

Aluminum bronze 34 226 17 194 211 49 

Refinery brass 2,036 40,157 1,716 38,589 — 40,305 1,888 

Low-grade scrap and residues 25,938 93,299 56,493 45 ,854 102,347 16,890 

Total 61,657 822,227 234,831 594,908 829,739 54,145 

BRASS AND WIRE-ROD MILLS? a oO a a a 
No. 1 wire and heavy 15,101 265,038 245,751 19,287 265,038 8,804 

No. 2 wire, mixed heavy and light 2,229 46,316 35,584 10,732 46,316 1,916 

Yellow brass 7,575 247,535 239,954 7,581 247,535 11,692 

Cartridge cases and brass 15,960 125,669 125,235 434 125,669 10,843 

Bronze 625 4,613 4,613 — 4,613 792 

Nickel silver and cupronickel 2,079 19,199 18,927 272 19,199 1,955 

Low brass 2,286 17,162 17,085 77 | -17,162 1,476 

Aluminum bronze — 9 9 — 9 — 

Total 45,855 725,541 687,158 38,383 725,541 37,478 

FOUNDRIES, CHEMICAL PLANTS, _ oO oO a a 
AND OTHER MANUFACTURERS 

No. 1 wire and heavy 2,197 28,262 8,748 19,220 27,968 2,491 

No. 2 wire, mixed heavy and light 178 3,416 941 2,485 3,426 168 

Composition or soft red brass 3,333 13,907 5,510 8,254 13,764 3,476 

Railroad-car boxes 255 2,980 1 2,663 2,664 571 

Yellow brass 378 5,626 1,718 3,786 5,504 500 

Cartridge cases — 46 — 46 46 — 

Automobile radiators (unsweated) 175 1,902 629 1,322 1,951 126 

Bronze 858 903 40 857 897 864 

Nickel silver and cupronickel 59 222 94 127 221 60 

Low brass 145 2,345 2,374 57 2,431 59 

Aluminum bronze 767 2,476 1,393 1,083 2,476 767 

Low-grade scrap and residues 7 144 64 67 131 20 

Total? 8,352 62,229 21,512 39,967 61,479 9,102 

GRAND TOTAL 

No. 1 wire and heavy 18,896 424,964 341,869 73,317 415,186 22,377 

No. 2 wire, mixed heavy and light 23,777 388,304 77,680 314,968 392,648 19,120 

Composition or soft red brass 5,306 52,386 11,676 40,911 52,587 5,105 

Railroad-car boxes 343 3,514 1 3,186 3,187 670 

Yellow brass 10,387 320,099 279,770 38,619 318,389 14,214 

See footnotes at end of table. 
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TABLE 27—Continued 

STOCKS AND CONSUMPTION OF PURCHASED COPPER SCRAP IN THE UNITED STATES IN 1989, 

BY CLASS OF CONSUMER AND TYPE OF SCRAP 
(Metric tons, gross weight) 

Consumption 

Class of consumer and type of scrap Stocks, Net New Old Stocks, 
Jan. 1! receipts Total Dec. 31 

scrap scrap 

Cartridge cases 15,973 126,241 125,235 988 126,223 10,874 

Automobile radiators (unsweated) 3,981 94,140 629 95,766 96,395 1,726 

Bronze 2,575 20,675 7,247 13,665 20,912 2,505 | 

Nickel silver and cupronickel 2,716 23,258 19,858 3,703 23,561 2,289 

Low brass 3,128 22,105 19,844 2,348 22,192 2,231 

Aluminum bronze 801 2,711 1,419 1,277 2,696 816 

Low-grade scrap and residues* 27,981 133,600 58,273 84,510 142,783 18,798 

Total 115,864 — 1,611,997 943,501 673,258 1,616,759 100,725 

1Revised from 1988 closing stocks. 

2Brass and wire-rod mill stocks include home scrap; purchased scrap consumption is assumed equal to receipts, so lines in ‘“‘BRASS AND WIRE-ROD MILLS”’ and ‘‘GRAND TOTAL.’ sections do not 

«Of the total shown, chemical plants reported the following: unalloyed copper scrap, 342 tons new and 1,687 tons old. 

‘Includes refinery brass. 

TABLE 28 

CONSUMPTION OF COPPER AND BRASS MATERIALS IN THE | 

UNITED STATES, BY ITEM 
| (Metric tons) 

Foundries, 

Wire- chemical Secondary 

Item a, rod plants, smelters- Total 

mills miscellaneous refiners | 

. users 

1988:" 

Copper scrap 1757 ,042 WwW 64,320 784,479 1,605,841 

Refined copper? 493,215 1,667,190 47,412 2,607 2,210,424 

Hardners and master alloys 3,104 — 3,929 — 7,033 

Brass ingots — — 151,169 — 151,169 | 

Slab zinc 82,727 — 4,496 3,735 90,958 

Miscellaneous — — _— 97 97 

1989: 

Copper scrap 1725,541 W 61,479 829,739 1,616,759 

Refined copper? 461,021 1,698,351 42,434 1,337 2,203,143 

Hardners and master alloys 7,331 — 3,573 — 10,904 

Brass ingots — — 136,421 — 136,421 

Slab zinc 70,584 — 22,017 3,139 95,740 

Miscellaneous — — _ 19 19 

"Revised. W Withheld to avoid disclosing company proprietary data; included with consumption of copper scrap at brass mills. 

"Includes consumption of copper scrap at wire-rod mills to avoid disclosing company proprietary data. 

2Detailed information on consumption of refined copper can be found in table 32. 
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| TABLE 29 

PRODUCTION, SHIPMENTS, AND STOCKS OF BRASS AND | | 
_ WIRE-ROD MILL SEMIFABRICATES 

(Metric tons) | 

. . Stocks, | 
| Production Shipments Dec. 31 

BRASS MILLS | | 

1987 1,301,804 1,316,632 54,759 

| 1988 1,342,595 1,337,432 72,443 

1989 1,345,745 1,352,379 66,785 

WIRE-ROD MILLS 

1987 1,422,450 1,505,776 96,746 

1988 1,516,461 1,531,055 82,153 

1989 1,523,794 1,513,107 90,831 

TABLE 30 , 

APPARENT CONSUMPTION OF COPPER IN THE UNITED STATES | 
. (Metric tons) 

Period Refined copper Copper in Net refined Stock change Apparent | 
production old scrap imports during period consumption 

1985 1,057,241 503,407 339,788 -244,000 2,144,436 

1986" 1,073,981 477,469 489,532 -96,000 2,136,982 : 

1987 1,126,908 497,937 459,962 -112,000 2,196,807 

1988" 1,406,020 518,179 273,346 -14,000 2,211,545 

1989: 

January 118,077 43,065 26,537 1,000 186,679 

February 112,632 47,036 20,002 4,000 175,670 

March 123,953 51,044 12,837 2,000 185,834 

April 114,684 45,519 7,378 -1,000 168,581 

May 129,187 46,939 19,867 3,000 192,993 

June 123,254 46,118 19,277 -  -3,000 191,649 

July 118,886 39,325 2,021 5,000 155,232 

August 126,367 46,707 8,585 -10,000 191,659 

September 119,994 47,021 4,856 -7,000 | 178,871 

October 126,112 48,090 16,757 6,000 184,959 

November 131,359 41,678 26,026 4,000 195,063 

December 132,328 41,054 5,777 4,000 175,159 

Total 1,476,833 543,596 169,920 8,000 2,182,349 

Revised. | 

370 COPPER MINERALS YEARBOOK—1989



| . 

TABLE 31 

FOUNDRIES AND MISCELLANEOUS MANUFACTURERS’ CONSUMPTION OF BRASS INGOT | 

AND REFINED COPPER AND COPPER SCRAP IN THE UNITED STATES, 

BY GEOGRAPHIC DIVISION AND STATE 

a 
Leaded Yellow, Total Hardeners Refined Copper 

Geographic division Tin red brass leaded Manganese Nickel Aluminum and copper scrap 
. . brass 

and State bronzes and semi- and low bronze silver? bronze incot master con- con- 

red brass brass! 6 alloys? sumed sumed 

1985 27,328 87,053 8,014 6,216 1,788 7,052 137,451 3,133 54,390 66,557 

1986 33,651 81,288 9,702 5,735 2,336 5,506 138,218 | 3,146 43,416 63,323 

1987 31,198 79,074 7,365 7,433 2,239 5,545 132,854 3,193 40,649 67,316 

1988" 33,336 89,024 8,669 6,660 1,959 7,593 151,169 3,929 46,412 60,706 

1989: — | a oo oO | 

Atlantic: 

Middle: New Jersey, 
New York, : 

Pennsylvania 7,385 8,266 913 827 184 695 18,366 97 8,221 8,276 

South: Delaware, | 

District of Columbia, 

Florida, Georgia, 

Maryland, North 
Carolina, South | 
Carolina, Virginia, : | 

West Virginia 8,531 5,732 361 418 248 714 16,035 33 5,866 5,300 

Central: | 

East North: Illinois, 

Indiana, Michigan, 

Ohio, Wisconsin . 10,915 41,085 3,882 2,701 769 2,261 64,526 2,911 13,661 27,512 

South: Alabama, 
Arkansas, Kentucky, . , 

Louisiana, 

Mississippi, 
Oklahoma, Tennessee, 

Texas 3,808 6,945 396 389 82 469 12,147 57 6,538 4,065 

West North: Iowa, 

Kansas, Minnesota, 

Missouri, Nebraska, 

South Dakota 1,547 5,336 567 363 6 620 8,576 135 4,376 4,382 

Mountain and Pacific: 

Arizona, California, 

Colorado, Idaho, 
Montana, Nevada, | 

New Mexico, Oregon, 

Utah, Washington 1,481 9,886 1,020 916 29 346 14,000 321 1,130 8,695 

New England: 

Connecticut, Maine, 

Massachusetts, New | 

Hampshire, Rhode 
Island, Vermont 408 819 603 236 335 354 2,771 19 1,705 1,220 

Total 34,075 78,069 7,742 5,850 1,653 5,459 136,421 3,573 41,497 59,450 

"Revised. 
'N{Includes silicon bronze and brass. 

2Includes copper nickel and nickel bronze and brass. 

3Includes special alloys. 
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TABLE 32 

REFINED COPPER CONSUMED IN THE UNITED STATES, 

BY CLASS OF CONSUMER 
| (Metric tons) 

Ingots Cakes . 

Class of consumer Cathodes Wirebars and and Billets Other Total 

ingot bars slabs 

1988:" 

Wire-rod mills 1,667,190 — — | — — — 1,667,190 

Brass mills 279,810 14,037 37,168 63,037 99,025 138 493,215 

Chemical plants W — — — — 1,002 1,002 

| Ingot makers W — WwW — 2,607 2,607 . 

Foundries 1,562 WwW 8,350 — WwW 4,586 14,498 

Miscellaneous! 18,878 W 8,703, WwW WwW 4,331 31,912 

Total 1,967,440 14,037 54,221 63,037 99,025 12,664 2,210,424 
1989: a | oo 
Wire-rod mills 1,698,351 — — — — — 1,698,351 

Brass mills | 265,634 5,810 19,735 64,921 104,863 59 461,021 

Chemical plants W 314 — — — . 623 937 
Ingot makers W — W — — 1,337 1,337 

Foundries 3,437 Ww 6,913 Ww Ww 4,531 14,882 
Miscellaneous! 14,143 W 7,800 W W 4,671 26,615 

Total 1,981,565 6,124 34,448 64,921 104,863 11,221 2,203,143 

‘Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and copper shot, and other manufacturers. 

TABLE 33 

STOCKS OF COPPER IN THE UNITED STATES, END OF PERIOD 
(Thousand metric tons) 

SSE 

Blister and aso Reined copper 

Period ‘process of Electrolytic Wire-rod Brass Other? ow vnmodity | Total 
| refining! refiners mills mills Exchange 

1985 , 146 66 100 20 25 109 320 

1986 "136 "35 66 14 25 84 "224 

1987 150 29 28 15 "23 17 “112 

1988 "121 16 29 17 24 12 98 

1989: 

January 127 17 30 14 25 13 99 

February 129 18 29 16 24 16 103 

March 120 13 24 16 25 27 105 

April 115 15 28 16 25 20 104 

May 119 17 29 14 24 23 107 

June 103 13 29 16 25 21 104 

July 106 16 32 16 26 19 109 

August 110 14 25 21 25 14 99 . 

September 128 15 23 19 25 10 92 

October 143 16 31 16 26 9 98 

November 129 19 32 17 26 8 102 . 

December 132 18 32 12 29 15 106 

"Revised. 

‘Includes copper in transit from smelters in the United States to refineries therein. 

*Includes secondary smelters, chemical plants, foundries, and miscellaneous plants; includes 20,000 tons in the National Defense Stockpile. 
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TABLE 34 

DEALERS’ MONTHLY AVERAGE BUYING PRICE FOR COPPER SCRAP 

AND CONSUMERS’ ALLOY-INGOT PRICES AT NEW YORK, BY TYPE 
(Cents per pound) 

| Scrap Ingot 

Year and month No. 1 No. 2 No. 115 Yellow 

heavy heavy ne ve brass brass 

copper copper (85-5-5-5) (405) 

1988:" 

January 102.78 94.10 83.50 100.50 84.25 

February 87.15 77.58 77.43 98.59 82.34 

March 90.56 82.24 73.50 97.71 81.46 

April 88.44 79.48 73.00 99.00 82.75 

May 88.30 79.24 70.45 99.00 82.75 

June 93.87 83.75 71.80 99.00 86.59 

July 88.70 79.58 71.08 99.00 89.75 

August 88.18 79.20 70.50 99.00 89.75 

September 98.14 88.36 70.50 99.71 90.18 
October 101.29 93.64 78.79 105.43 94.18 

November 111.27 98.03 82.50 109.68 99.22 | 

December 116.15 103.98 89.47 110.00 99.75 

1989: a a a a 
January 114.62 103.50 52.75 112.00 101.25 

February 110.75 97.97 57.50 116.00 104.75 

March 119.31 108.32 57.50 116.00 106.90 

April 119.21 110.93 57.95 116.00 107.75 

May 109.47 100.16 59.00 118.27 115.02 

- June 100.45 91.18 59.00 117.83 115.25 

July 144.44 88.63 59.00 117.50 113.95 

August 108.78 99.78 59.65 117.63 112.95 

September 115.57 105.50 62.00 123.09 116.75 

October 116.14 106.64 62.00 120.50 116.75 

November 104.95 97.25 62.00 119.70 115.50 

December 95.73 88.05 60.78 119.50 115.25 

Average 113.29 99.83 59.09 117.84 111.84 

Source: American Metal Market. 
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TABLE 35 | 

| AVERAGE MONTHLY PRICES FOR REFINED COPPER IN THE UNITED STATES 
, AND ON THE LONDON METAL EXCHANGE 

(Cents per pound) 

1988 1989 

U.S. producers 

wee — — a we Grade A! 5 
cathode? position "Standard Grade A Cathode? Wirebar? position‘ 

January 132.50 123.22 115.93 (120.66 157.77 164.18 154.92 153.88 

February 107.52 99.73 102.30 105.62 140.21 146.33 136.45 140.37 

March 109.72 103.92 103.51 106.96 148.49 154.89 144.39 147.99 

April 103.64 97.50 100.00 103.64 143.49 150.26 140.46 141.36 
May 104.37 99.27. 100.77 110.84 127.15 ¢ 132.72 123.07 124.20 
June 114.28 108.97 104.95 115.15 115.90 110.34 112.41 115.44 
July 104.85 98.78 96.77 100.35 113.49 119.27 109.58 113.57 
August 101.45 96.21 96.18 99.78 127.43 133.87 124.68 125.23 
September 116.12 111.24 105.13 110.38 138.44 143.60 134.94 130.80 
October | 138.05 133.48 127.65 133.24 131.66 137.61 127.59 129.79 

| November 152.32 147.08 143.82 149.81 118.11 123.68 113.96 117.50 
December 161.27 155.81 153.94 158.62 109.22 115.60 106.96 109.67 

Average 120.51 114.60 112.58 117.92 130.95 136.03 128.91 129.15 
1Based on average monthly rates of exchange. ; 
Listed as ‘‘U.S. producer cathode.’’ 

3Listed as ‘‘Electrolytic wirebar (Warrenton Refining Co.).”’ 

‘Listed as ‘“COMEX high grade first position.’’ 

SQuotations for ‘‘Standard’’ no longer available. Suspended Jan. 1, 1989. 

Sources: Metals Week and American Metal Market. 

TABLE 36 

| U.S. EXPORTS OF COPPER, BY COUNTRY 

Ore and concentrate Ash and residues! : Unalloyed copper Blister and 
(copper content) (copper content) Refined scrap precipitates 

Country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1988 211,147 $420,003 4,380 $10,276 58,325 $138,539 119,773 $164,933 33,337 $65,978 

1989: | a a a oO CO a a 
Australia 194 254 34 49 12 20 — — — — 
Belgium 42 75 600 4,574 19 57 3,624 4,640 — — 
Brazil 16,632 34,117 — — 17 72 809 1,529 — — 
Bulgaria 4,560 9,350 — — — — — — — — 
Canada 10,999 18,453. 5,680 7,693 4,731 7,327 38,062 47,784 9 44 
China 3,654 8,016 — — 12,874 31,452 6,048 3,297 — — 
Dominican Republic 17 89 — — 84 172 — — — — 
Finland 7,241 10,933 — — — — — — — _ 
France 80 80 3 5 689 2,059 53 66 — — 
Germany, Federal 
Republic of 13,966 34,579 334 2,255 1,298 3,621 13,217 24,251 22 34 

Hong Kong 3 3 — —_ 583 2,084 1,126 893 — — 
- India 31 18 49 70 — — 1,092 1,658 — — 
Israel 5 5 — — 70 139 1 9 — — 
Italy — — — — 591 1,365 254 355 — — 
Japan 163,998 330,566 132 458 47,538 120,506 20,331 45,476 504 994 
Korea, Republic of 27,552 45,034 6 26 1,247 2,849 32,600 60,535 6,674 17,843 

Mexico 8 8 — — 7,345 20,880 7,837 18,616 828 1,282 

Netherlands — — 7 14 663 2,040 3,428 6,605 —_ _ 
Philippines 2,714 4,971 — — 2 3 121 28 — — 

See footnotes at end of table. 

374 COPPER MINERALS YEARBOOK—1989



TN 

_ TABLE 36—Continued | 

U.S. EXPORTS OF COPPER, BY COUNTRY : 

NN TTT”, Ooem0>00—0 oe 

Ore and concentrate Ash and residues! Unalloyed copper Blister and | 

(copper content) (copper content) Refined scrap precipitates 

Country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Walue: 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Singapore 8 $8 — — 1,204 $3,067 121 $ 123 — — | 

Spain 15 18 — — ~ — 869 877 — — | | 

Switzerland — — — — 226 644 111 225 — — | 

Taiwan 8,712 21,340 1 $2 47,755 96,069 23,136 $23,726 — — | | 

United Kingdom 503 521 2 3 1,086 2,511 1,229 2,198 — — | 

Venezuela — — — — 1,296 3,732 18 13 — — | 

Yugoslavia 5,634 20,668 — — — — — — — — : 

Other 263 219 __ 60 7 859 2,344 848 1,291 4 $ 12 | 

Total 266,831 539,325 6,908 15,156 130,189 303,013 154,935 244,195 8,041 20,209 

. . Wire and cable, Wire and cable Other copper | 

Pipes and tubing Plates and sheets bare insulated manufactures? | 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Walue | 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1988 7,749 $28,623 _ 863 $4,141 12,422 $53,449 118,636 $667,158 2,350 $7,861 

1989: | | 

Australia : 79 465 5 48 70 480 1,306 9,858 84 775 | 

Bahamas 15 33 1 3 145 574 141 747 3 49 | 

Belgium 133 239 — — 25 222 230 2,552 118 356 

Brazil 222.—C«; 738 1 3 41 569 288 3,520 2,549 8,162 | 

Canada 7,170 18,971 883 3,293 6,598 28,169 16,104 73,365 12,135 36,426 : 

China 261 956 1 10 87 124 449 3,210 2,652 6,590 | 

Dominican Republic 24 75 9 38 583 3,119 468 1,983 1,176 3,803 | 

Ecuador 24 86 1 10 43 179 35 320 105 43] | 

Egypt 170 1,259 70 322 (°) 4 972 4,147 1 IL | 

France 58 184 34 227 100 1,313 853 8,783 279 1,873 

Germany, Federal 
: 

Republic of 44 554 131 796 274 2,778 3,190 20,464 101 1,850 

Hong Kong 119 507 159 999 345 1,342 851 5,531 5 51 

India 26 115 17 309 17 192 243 2,708 862 1,599 | 

Israel 85 475 37 442 53 627 233 2,759 13 93 

Italy 57 261 31 169 132 1,084 232 3,486 14 261 | 

Jamaica 60 242 4 16 334 1,720 234 1,028 663 1,945 . | 

Japan 110 821 649 4,693 386 2,747 855 10,811 1,257 5,137 | 

Korea, Republic of 98 1,280 22 437 214 1,849 462 5,004 204 672 | 

Kuwait 479. 2,093 — — 13 112 16 219 — — | 

Mexico 4,932 14,967 640 2,992 14,616 62,387 46,891 178,066 5,861 20,468 | 

Netherlands 503 1,979 87 792 66 542 598 12,005 597 3,634 | 

Philippines 748 2,741 8 53 168 728 374 2,072 8 34 

Saudi Arabia 665 2,633 — | — 150 862 608 3,314 27 97 | 

Singapore 162 694 29 160 86 1,013 769 6,585 348 922 =| 

Sweden 2 17 1 5 15 202 149 4,209 5 34 | 

Switzerland 5 69 — = 132 2,601 588 3,373 36 697 

Taiwan 989 3,357 860 3,904 150 1,413 939 6,924 3,004 7,876 | 

Trinidad and | 

__Tobago 5 30 13 4 99 398 53 440 316 931 | 

United Kingdom 253 1,180 77 668 733 6,895 3,865 33,827 130 1,787 

Venezuela 271 1,412 12 66 103. 734 515 4,384 974 2,979 

Yugoslavia — — — — 4 27 21 177 — — | 

Other 3,271 12,485 __ 108 750 1,698 9,730 6,724 39,611 1,891 6,168 | 

Total 21,767 73,061 3,890 21,209 27,560 135,499 90,393 461,725 35,418 115,763 | 

‘Includes matte. . 

2Excludes copper wire cloth. 

3Less than 1/2 unit. 

Source: Bureau of the Census. . ; | 
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| TABLE 37 

| U.S. EXPORTS OF COPPER SCRAP, BY COUNTRY 

Unalloyed copper scrap Copper-alloy scrap 
Country | (1988 1989 1988 1989 

Quantity Value Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Belgium 2,813 $4,057 3,621 $4,640 8,715 $8,870 5,866 $7,744 
Brazil 594 936 809 1,529 589 907 1,797 2,425 
Canada 29,174 32,357 38,062 47,784 23,607 38,567 30,464 48,588 
Chile — — 127 244 — — 2 8 
China 427 496 6,048 3,297 1,040 838 8,996 7,331 
France 48 51 53 66 699 797 831 1,503 
Germany, Federal 
Republic of 9,751 13,596 13,217 24,251 20,986 33,248 39,877 55,734 

Hong Kong 1,433 1,149 1,126 893 206 212 1,435 1,365 
India 2,015 2,358 1,092 1,658 13,184 14,371 25,554 32,530 
Indonesia — — 413 457 — — — — 
Italy 834 1,065 254 355 1,948 2,450 4,935 5,922 
Japan 16,130 25,810 20,331 45,476 17,225 31,365 18,826 46,793 
Korea, Republic of 19,541 39,041 32,600 60,535 44,044 70,221 29,230 47,194 
Mexico 11,496 20,353 7,837 18,616 10,094 23,637 14,934 27,911 
Netherlands 924 2,037 3,428 6,605 1,115 2,214 3,300 5,692 
Norway — — 222 447 — — 19 6 
Philippines — — 121 28 — — 84 182 
Singapore 2,098 3,066 121 123 1,138 1,260 1,219 1,605 
Spain 3,379 2,228 869 877 10,099 3,936 4,165 2,927 
Sweden | 15 40 — — 1,614 3,866 2,106 3,764 
Switzerland 15 3 111 225 53 63 10 24 
Taiwan 16,292 12,185 _ 23,136 23,726 39,596 36,697 14,592 19,052 
Trinidad and Tobago — — 22 21 956 1,037 148 132 
United Kingdom 2,311 3,103. 1,229 2,198 2,698 5,181 5,564 7,765 
Venezuela 305 607 18 13 150 | 416 102 190 
Other 178 395 68 131 193 407 622 821 

Total 119,773 164,933 154,935 - 244,195 199,949 280,560 214,678 327,208 
Source: Bureau of the Census. 
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TABLE 38 

U.S. IMPORTS FOR CONSUMPTION OF UNMANUFACTURED COPPER (COPPER CONTENT), BY COUNTRY 

a 

sone Matte Blister and anode Refined Unalloyed scrap Total 

Country ti uanti uanti anti uanti vanti 

‘ees (thousands) ‘aot (thousands) ‘emis (thousands) (eet (thousands) (ents (thous) (etic (thousands) 
tons) tons) tons) tons) tons) tons) 

1988 2,776 $7,917 5,462 $10,399 98,453 $197,621 331,671 $810,495 37,152 $87,124 475,512 $1,113,556 
1989: Ce a 

Australia 343 985 _ = () 181 - _ - - 343 1,166 
Brazil _ — — — ~ — 18,220 50,691 - — 18,220 50,691 
Canada 731 454 - = 188 1,116 180,814 508,425 19,368 58,200 201,101 568,195 
Cape Verde _ — _ - 745 1,655 _ — — — 745 1,655 

Chile =———(s«éi3,56H——«é« 1 ~ — 33,713. 93,133. 75,436 «215,088 4,805 «15,495 117,520 331,880 
China = _ _ —- _ 65 223 _ —- ~— 65 223 
CostaRica i — — — —- _ _ _ 539 —s-'1,212 539 1,212 
Dominican | 
Republic - — _ _ - _ _ ~ 467 1,377 467 1,377 

~ Germany, Federal | 
Republic of _ ~ ~ _ () 9 281 1,065 295 273 576 1,347 

Guatemala ~ _ ~ ~ - - - _ 243 425 243 425 
Jamaica - _ - ~ - _ _ _ 188 333 188 333 
Japan ~ _ _ — 22,298 79,301 3 120 _ — 22,301 79,421 
Mexico 40,974 38,781 2,238 5,192 6,645 24,902 165 441 3,568 5,048 53,590 74,364 
Netherlands - _ - ~ () 3 2,431 8,432 276 ~—«- 1,090 2,707 9,525 
Niger - _ _ _ _ - 828 2,536 _ _ 828 2,536 
Norway — — — — — — 55 154 — — 55 154 

Panama _ _ - ~ _~ - _ _ 638 —«-1,305 638 1,305 
Peru 232 661 _ — 2,952 8,258 9,240 24,865 _ — 12,424 33,784 | 
South Africa, 

Republic of — — — — — — 1,083 3,657 — — 1,083 3,657 

Sweden 600 1,534 - ~ () 6 _~ _ _ _ 600 1,540 
Tanzania _ _ _ _ 987 2,877 _ ~ _ - 987 2,877 
Trinidad and 
Tobago — _ — — — — — _ 305 642 305 642 

United Kingdom _ _ 3 19 () 10 19 98 1 2 23 129 
Venezuela — — — — — — — — 588 1,292 588 1,292 

Zaire - _ _ — 9689 24,672 11,437 30,618 - — 21,126 55,290 
Other 69 165 11 21 () 6 33 196 297 559 410 947 
Total 46,515 50,744 2,252 5,232 77,217 +—236,129 +—-300,110 846,609 31,578 +~—«87,253 «457,672 1,225,967 

‘Less than 1/2 unit. | 

Source: Bureau of the Census. 
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TABLE 39 

U.S. IMPORTS FOR CONSUMPTION OF COPPER MANUFACTURES, BY COUNTRY 

| Pipes and tubing Plates and sheets Wire ong cable, hydroxides on Ore 

Country Quantity Value Quantity ‘Value Quantity Value Quantity | Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1988 62,633 $255,551 26,049 $88,228 _7,843 $20,846 5,089 $10,436 _9,698 $29,610 

1989: — — oO a nn 
Argentina — — 211 602 — — — — 72 141 

Australia — — 541 1,987 — — 2,249 5,745 — — 

Austria 116 588 17 64. 7 99 — — — — 

Belgium — — 147 839 — —_ — — 1 9 

Brazil 27 101 893 2,959 20 99 _— — 409 1,113 

Canada 4,313 17,898 6,046 23,158 219 814 61 91 6,433 22,877 

Chile 913 3,309 1,780 6,033 — — 75 173 7,622 22,955 

China — — 28 101 — — — — 8 36 

Finland 76 549 3,444 13,066 219 1,230 — — B94 3,788 

France 842 3,450 9 110 46 612 4 4 6 32 

Germany, Federal 

Republic of 549 | 3,685 2,071 8,455 424 4,184 1 17 1,435 5,669 

Israel — — — — 83 503 — — — — 

Italy 2,213 8,929 68 209 74 951 — — 16 69 

Japan 16,467 76,463 3,245 17,398 650 4,410 28 157 468 2,174 

Korea, Republic of 5 23 26 94 31 135 — — 1 16 

Luxembourg — — 278 3,025 —_— — — — — — 

Mexico 7,157 26,849 80 376 1,446 7,367 594 1,347 — — 

Netherlands (7) 7 215 916 17 90 — — (7) 2 

Norway — — — — | — — 109 305 — — 

Peru — — — — 9,457 25,341 — — 300 992 

Poland — — — — 76 224 — — 17 38 

Singapore — _— — — 127 780 — — — — 

Sweden 73 344 12,638 49,418 2 14 — — 19 89 

, Switzerland 5 15 3 30 13 87 — — 25 170 

Taiwan 11 95 118 861 169 730 15 17 — — 

Turkey — — — — 379 1,773 — — — — 

United Kingdom 179 1,767 411 4,443 53 682 60 138 40 316 

Venezuela 67 207 — — — — — — 18 39 

Yugoslavia 31 89 273 829 10 36 — — 16 29 

Other 21 68 33 122 29 151 20 53 47 161 

Total 33,065 144,436 32,575 —«135,095 13,551 50,312 3,216 8,047 17,847 60,715 
‘Excludes copper wire cloth. 

2Less than 1/2 unit. 

Source: Bureau of the Census. — 
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TABLE 40 

U.S. IMPORTS FOR CONSUMPTION OF COPPER SCRAP, 

BY COUNTRY | 

Unalloyed copper scrap Copper-alloy scrap 

Country Quantity Value Gross Copper Value 
(metric tons) (thousands) weight content? (thousands) 

(metric tons) | (metric tons) 

1988 37,152 $87,124 49,526 35,848 $75,768 

1989: a 
_ Bahamas 15 | 19 61 — 53 

Barbados 51 90 32 — 23 

Belgium — — 1,431 — 972 

Canada 19,368 58,200 38,755 _. 78,684 

Chile 4,805 15,495 3,347 — 8,470 

China — — 136 — 235 

Costa Rica 539 1,212 133 — 224 

Dominican Republic — — — 1,067 — 2,130 

France 467 1,377 187 — 1,005 

Germany, Federal 

Republic of 295 273 212 — 893 

Guatemala 243 425 315 — 352 

Haiti 44 93 108 — 170 

Honduras 34 92 62 — 22 

Hong Kong — — 92 _ 176 

Jamaica 188 333 320 — 230 

Japan — — 305 _ 287 

Mexico 3,568 : 5,048 20,707 — 33,098 

Netherlands 276 1,090 — — — 

Netherlands Antilles 28 62 309 — 429 | 
Panama 638 1,305 848 — 1,342 

Singapore — — 178 — 364 

Sweden — — 19 — 42 

Switzerland — — 43 — 156 

Taiwan — — 3,479 — 5,917 

Trinidad and 

Tobago 305 642 301 — 414 

United Kingdom 1 2 274 — 747 

Venezuela 588 1,292 6,144 — 11,015 

Other 125 203 459 — 1,225 

Total 31,578 87,253 79,324 °57,000 148,675 
“Estimated. 

‘Under the Harmonized Tariff System that was implemented January 1989, copper content is no longer available. Total content for 1989 is estimated to be 72% of gross weight. 
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TABLE 41 

COPPER: WORLD MINE PRODUCTION, BY COUNTRY’ 
(Thousand metric tons) 

Country 1985 1986 1987 1988? 1989° 

Albania“ 16.2 17.6 17.8 15.0 16.0 

Argentina 4 3 4 i) 6 

Australia 259.8 248.4 232.7 238.3 2289.2 

Bolivia 1.7 3 Q) 2 2.3 
Botswana‘ 21.7 "21.3 18.9 24.4 222.6 

Brazil | 41.0 40.2 37.8 44.4 45.8 

| Bulgaria 80.0 80.0 80.0 80.0 80.0 : 

Burma 16.7 11.4 17.3 13.8 5.0 

Canada: | 
By concentration or leaching> 738.6 “697.9 790.2 753.5 716.9 

Leaching (electrowon) — 7 3.9 5.0 5.0 

Chile® 1,359.8 1,399.4 1,412.9 1,472.0 21,645.0 

China® | 185.0 185.0 250.0 "375.0 375.0 
Congo 5 7 1.3 | “1.0 1.0 

Cuba 3.1 3.3 3.5 3.0 3.0 

Cyprus? 1.1 6 wl . 3 2.3 

Czechoslovakia® ® 6.3 "5.3 "5.3 *5.0 5.0 

Ecuador® 1 1 Jl Jl 1 

Finland "27.9 "26.0 20.4 20.2 14.5 

France 2 3 3 3 3 

German Democratic Republic® 12.0 ~ 711.0 “11.0 “10.0 9.0 

Germany, Federal Republic of* 9 8 1.5 7 wl 

Honduras 5.1 “5.0 6 6 6 

India 45.9 48.1 56.5 55.7 57.4 

Indonesia® 88.7 95.8 102.1 121.5 2144.0 

Iran® *40.0 *50.0 “40.0 *51.0 60.0 

Italy 1 — — — — 

Japan 43.2 34.9 23.8 16.7 214.7 

Korea, North® 15.0 15.0 15.0 15.0 15.0 

Korea, Republic of 3 2 2 () (7) 

Malaysia 30.5 28.3 29.9 22.0 225.4 

Mexico: 
By concentration or leaching 169.1 181.1 244.0 268.8 250.0 

Leaching (electrowon) 8.0 8.0 9.7 11.4 10.0 

Mongolia” 128.0 136.0 140.0 160.0 160.0 

Morocco 22.0 20.2 16.6 14.5 13.3 

Mozambique* 1 "1 2 "1 Al 

Namibia 48.0 49.6 37.6 40.9 226.9 

Nepal ©) (°) (°) (°) (7 *) 
Norway 19.0 21.9 22.0 15.9 16.5 

Oman 17.7 "18.2 18.1 17.1 16.6 

Papua New Guinea 175.0 178.2 217.7 218.6 2204.0 

Peru:® 
By concentration or leaching "389.3 "370.9 391.1 301.7 2353.1 

Leaching (electrowon) "30.9 "29.0 26.5 21.1 219.7 

Philippines 222.2 222.6 216.1 218.1 2189.5 

Poland 431.3 434.0 438.0 437.0 436.0 

Portugal® 3 2 1.1 5.2 103.7 

Romania® ® 26.0 27.0 26.0 26.0 25.0 

Saudi Arabia“ — — — 3 6 

See footnotes at end oftable. 
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| TABLE 41—Continued 

COPPER: WORLD MINE PRODUCTION, BY COUNTRY’ 
(Thousand metric tons) 

eee 

Country 1985 1986 1987 1988? 1989° 

South Africa, Republic of® 195.4 184.2 188.1 168.5 2196.6 

Spain 61.1 53.5 16.3 18.1 27.4 

Sweden 91.8 87.4 85.0 | 74.4 71.0 
Turkey? "26.8 “23.8 25.8 * 31.2 35.9 

U.S.S.R.° 8 600.0 620.0 630.0 640.0 — 640.0 

United Kingdom 6 6 8 7 6 

United States:* | | 
By concentration or leaching 1,012.2 1,018.8 1,082.5 1,191.7 21,185.6 

Leaching (electrowon) 90.4 125.4 161.1 228.0 2 10311.9 

Yugoslavia? 142.5 138.5 130.5 103.5 105.0 

Zaire: 

By concentration or leaching 244.0 212.5 °217.5 °250.0 225.0 
Leaching (electrowon) 313.9 319.2 307.5 “280.0 250.0 

Zambia: "! 
By concentration or leaching 
(smelted) 354.7 322.6 318.7 284.1 295.0 

Leaching (electrowon) 103.9 “139.8 144.5 147.7 150.0 

Zimbabwe* 21.6 21.4 19.8 16.9 16.4 

Total "7,987.6 "7,992.6 8,306.3 8,536.7 8,887.2 

“Estimated. PPreliminary. ‘Revised. 

‘Data represent copper content by analysis of concentrates produced except where otherwise noted. Table includes data available through June 27, 1990. - 
2Reported figure. 

3Less than 50 tons. 

‘Copper content of pelletized nickel-copper matte produced in smelter. 

sAnode copper recovered in Canada from domestic concentrates plus exports of payable copper in concentrates and matte. 

‘Recoverable copper content by analysis of concentrates for export plus nonduplicative total of copper content of all metal and metal products produced indigenously from domestic ores and concentrates; in- 
cludes leach production for electrowinning in Chile and Portugal. 

7Copper content of cement copper. 

8Recoverable content. . 
Copper content by analysis of ore mined. 

19Includes electrowon from concentrates roast-leached. 

"Data are for fiscal years beginning Apr. 1 of year stated. Zambian-mined copper reported recovered during smelting and electrowinning. 

TABLE 42 

COPPER: WORLD SMELTER PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) 

Country? and metal origin 1985 1986 1987 1988? | 1989° 

Albania, primary° 12.6 13.7 14.0 14.5 14.5 
Australia: 

Primary 167.7 169.6 172.9 177.8 3203.0 

Secondary 7.7 9.2 "8.5 “9.0 310.0 

Total 175.4 178.8 “181.4 186.8 3213.0 

Austria, secondary 25.9 25.5 29.1 34.5 33.7 

Belgium:° 

Primary 9 "9 "1 "2 2 

Secondary 114.2 “105.0 "92.1 "93.2 93.4 

Total 115.1 "105.9 "92.2 "93.4 93.6 

Brazil, primary 93.9 116.0 147.0 147.9 150.0 

Bulgaria: 

Primary 87.0 87.0 87.0 87.0 87.0 

Secondary 3.0 — 3.0 4.0 5.0 5.0 

Total 90.0 90.0 91.0 92.0 92.0 

See footnotes at end of table. 
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TABLE 42—Continued | 

COPPER: WORLD SMELTER PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) © 

Country? and metal origin 1985 1986 1987 1988P 1989° 

Canada: | 

Primary 493.3 472.7 499.4 537.0 510.0 

Secondary® 17.0 12.0 14.0 14.0 | 16.0 

Total® 510.3 484.7 513.4 "551.0 526.0 
Chile, primary‘ 1,088.4 1,123.9 1,107.0 1,189.4 1,250.0 

China, primary° 225.0 225.0 300.0 “400.0 450.0 

Czechoslovakia:° 
Primary "6.3 "5.3 "5.3 "5.0 5.0 

Secondary "20.2 "20.9 "21.9 "22.1 22.0 

Total "26.5 ‘26.2 "27.2 '27.1 27.0 

Finland: 

Primary 68.9 84.5 77.4 79.0 79.5 

Secondary” 12.0 | 12.0 12.0 12.0 12.0 

Total® “80.9 96.5 89.4 "91.0 91.5 

France, secondary 7.0 6.1 7.0 8.5 8.4 

German Democratic Republic, primary“ 14.0 15.0 “17.0 "25.0 24.0 

Germany, Federal Republic of: 

Primary 152.4 161.9 165.0 171.5 171.5 

Secondary 94.6 76.7 42.7 50.0 50.5 

| Total 247.0 238.6 207.7 221.5 222.0 

Hungary, secondary° l Al Al Al 1 

India, primary 32.5 39.1 32.9 44.8 342.7 

Iran, primary® “40.0 “50.0 “40.0 "52.0 80.1 

Japan: a oO a 

Primary 802.3 827.7 871.0 | 854.6 3882.3 

Secondary 130.3 134.4 109.0 139.4 3123.2 

Total 932.6 962.1 980.0 994.0 31,005.5 

Korea, North:° 
Primary . | 15.0 15.0 15.0 15.0 15.0 

Secondary 3.0 3.0 3.0 3.0 3.0 

Total 18.0 18.0 18.0 18.0 18.0 

Korea, Republic of, primary "112.7 “123.2 143.8 123.5 3123.6 

Mexico, primary 68.2 74.7 127.6 151.8 175.0 

Namibia, primary 43.3 45.7 35.5 42.2 338.0 

Norway, primary 38.2 35.2 29.7 31.7 35.0 

Oman, primary 14.2 14.7 15.7 16.8 15.3 

Peru, primary "320.1 "327.2 323.0 246.9 241.4 

Philippines, primary 133.8 124.3 124.7 *159.2 3105.0 

Poland:© 
Primary 370.0 375.0 385.0 385.0 385.0 

Secondary 20.0 25.0 25.0 25.0 25.0 

Total 390.0 400.0 410.0 410.0 410.0 

Portugal:° 
Primary 2.6 3.0 2.0 2.5 7 

Secondary 2.0 3.0 2.0 2.0 2.0 

Total 4.6 6.0 4.0 4.5 2.7 

Romania:° 
Primary 32.0 32.0 30.0 28.0 42.0 

Secondary 6.0 7.0 8.0 8.0 8.0 

Total 38.0 39.0 38.0 36.0 50.0 

See footnotes at end of table. 
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TABLE 42—Continued 

COPPER: WORLD SMELTER PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) 

Country? and metal origin 1985 1986 1987 1988P 1989° 

South Africa, Republic of, primary 3191.7 192.0 192.0 180.0 190.0 

Spain: 

Primary 88.0 100.0 95.0 — 95.6 3120.0 

Secondary "32.5 35.2 47.6 50.0 332.3 

Total “120.5 135.2 142.6 145.6 3152.3 

Sweden: | 

Primary 74.7 83.4 92.9 90.4 95.0 

Secondary 26.0 19.1 12.7 25.5 25.0 

Total 100.7 102.5 105.6 115.9 120.0 

Taiwan, primary 46.7 50.4 47.0 43.3 343.2 

Turkey: 

Primary 33.5 35.2 “19.3 “12.8 20.9 

Secondary | | 4 3 “1 “1 2 

__ Total 33.9 35.5 “19.4 12.9 321.1 

U.S.S.R.:° 

Primary 750.0 770.0 780.0 800.0 800.0 

Secondary : 143.0 145.0 147.0 | 150.0 150.0 

Total 893.0 | 915.0 927.0 950.0 950.0 

United States: 

| Primary> 940.7 908.1 972.1 1,043.0 31,120.4 

| Secondary 250.1 287.8 276.6 320.2 3359.1 

. Total 1,190.8 1,195.9 1,248.7 1,363.2 31 ,479.5 

Yugoslavia: 

Primary 137.0 196.4 103.4 106.5 110.0 

Secondary | 52.2 31.5 62.4 65.5 | 65.0 

Total — 189.2 227.9 165.8 172.0 175.0 
—_—_— ————_—_—_—_— ————— —_—_—_— = ———= 

Zaire, primary: 

Electrowon 313.9 319.2 307.5 306.8 275.0 

Other 172.9 178.9 179.9 “160.0 150.0 

Total 486.8 498.1 487.4 “ "466.8 425.0 

Zambia, primary:°® 

Electrowon "70.7 “88.7 74.8 95.9 100.0 

Other “387.0 "349.5 347.9 308.9 325.0 

Total "457.7 "438.2 422.7 404.8 425.0 

Zimbabwe, primary’ 20.4 20.4 18.8 16.1 315.7 

Grand total® "8,629.6 "8,816.2 8,923.3 9,284.6 9,534.9 

Of which: 
Primary: . 

Electrowon "384.6 "407.9 382.3 402.7 375.0 

Other "7,277.8 “7,446.4 7,616.3 7,844.8 8,116.0 

Secondary "967.2 “961.9 924.8 1,037.1 1,043.9 

“Estimated. Preliminary. ‘Revised. 
'This table includes total production of copper metal at the unrefined stage, including low-grade cathode produced by electrowinning methods. The smelter feed may be derived from ore, concentrates, copper 

precipitate or matte (primary), and/or scrap (secondary). To the extent possible, primary arid secondary output of each country is shown separately. In some cases, total smelter production is officially 

reported, but the distribution between primary and secondary has been estimated. Table includes data available through June 27, 1990. 

2Argentina presumably produces some smelter copper utilizing its own small mine output together with domestically produced cement copper and possibly using other raw materials including scrap, but the 

levels of such output cannot be reliably estimated. 

3Reported figure. 

‘Data include electrowon production; estimated to be 35,000 to 45,000 metric tons per year that is fire refined and cast into wirebars; detailed data are not available. 

5Figures for U.S. primary smelter production may include a small amount of copper derived from precipitates shipped directly to the smelter for further processing; production derived from electrowinning and 

fire refining is not included. Copper content of precipitates shipped directly to smelter are as follows, in metric tons: 1985—90,938; 1986—89,122; 1987—71,173; 1988—49,356; and 1989—34,485. 

‘For fiscal years beginning Apr.1 of year stated. Electrowon is based on total primary production and represents metal that is further refined; also includes a small amount of leach material from the Chanobie 

Mine. Smelter production also includes toll material processed for Zaire. 

Refined figure; unrefined data not available. Includes production from low-grade electrowon cathodes produced in nickel processing. 

_| Data may not add to totals shown because of independent rounding. 
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TABLE 43 

COPPER: WORLD REFINERY PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) 

Country 1985 1986 1987 1988? 1989° 

Albania, primary“ 11.5 11.7 12.0 13.0 13.0 

Australia: oo oo — 

Primary | 163.8 164.0 178.9 191.2 2230.0 

Secondary 30.5 21.1 28.8 26.7 225.0 

Total 194.3 185.1 207.8 217.9 2255.0 

Austria: 

Primary 8.2 7.1 3.9 3.6 4.0 

Secondary 35.0 32.6 32.9 38.4 40.0 

Total | 43.2 39.6 36.8 41.9 44.0 

Belgium: 

Primary 340.5 337.8 345.9 364.3 : 365.0 

Secondary 115.0 120.0 130.0 140.0 145.0 

Total | 455.5 457.8. 475.9 504.3 510.0 

Brazil: | . 

Primary 93.9 116.0 147.0 147.9 ~ 150.0 

Secondary . 49.0 50.0 52.2 38.1 40.0 

Total? | 142.9 166.0 199.2 185.9 190.0 

Bulgana:° . | 

Primary 73.0 75.0 75.0 75.0 70.0 

Secondary 20.0 20.0 20.0 20.0 20.0 

Total 93.0 95.0 95.0 “95.0 90.0 

Canada: | 

Primary : "414.6 "469.4 461.2 490.7 472.2 | 

Secondary "25.0 "24.0 “30.0 “38.0 39.0 

Total® “439.6 "493.4 “491.2 “528.7 511.2 

Chile, primary 884.3 942.3 970.3 1,012.7 1,071.0 

China, primary and secondary® 400.0 400.0 400.0 "510.0 550.0 

Czechoslovakia: a 

Primary® 6.3 5.3 5.3 5.0 5.0 

Secondary 20.1 20.9 21.9 22.1 22.0 

Total® "26.4 "26.2 ‘27.2 "27.1 27.0 

Egypt, secondary” 2.6 2.7 2.5 2.5 2.6 

Finland: 

Primary 53.5 59.2 54.5 47.9 249.7 

Secondary® "5.0 "5.0 *5.0 “6.0 6.0 

Total® 58.5 64.2 59.5 "53.9 55.7 

France: 

Primary° 14.7 "17.9 "11.3 "7.2 16.3 

Secondary "29.0 "24.0 ‘28.0 "36.0 33.0 

Total 43.7 41.9 39.3 43.2 49.3 

German Democratic Republic:° | 

Primary | 15.0 13.0 13.0 18.0 13.0 

Secondary 60.0 60.0 61.0 62.0 62.0 

Total 75.0 73.0 "74.0 80.0 75.0 

Germany, Federal Republic of: 

Primary 209.9 238.1 195.2 192.2 257.3 

Secondary 204.3 183.9 204.7 °234.2 218.0 

Total 414.2 422.0 399.9 426.4 475.3 

See footnotes at end of table. TTS 
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TABLE 43—Continued 

COPPER: WORLD REFINERY PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) 

Country | 1985 1986 1987 1988 1989° | 

Hungary, primary and secondary® 12.8 12.8 12.5 219.2 19.0 

India, primary: 

Electrolytic | 28.0 37.9 29.8 39.6 242.0 

Fire refined “1.0 “1.0 0.8 5.2 20.7 

Total “29.0 °38.9 30.6 44.8 242.7 

Iran, primary® 4 12.0 12.0 "30.0 "32.0 40.0 

Italy: a a OO a a 

Primary 13.3 4.4 5.0 4.0 3.3 

Secondary "51.0 “61.0 60.0 71.4 80.0 

Total 64.3 65.4 65.0 75.4 83.3 

Japan: 

Primary 802.3 827.7 871.0 854.6 2882.3 

Secondary 133.6 115.4 109.4 100.5 2107.3 

Total3 936.0 943.0 980.3 955.1 2989.6 

Korea, North:° 

Primary 18.0 18.0 18.0 18.0 18.0 

Secondary 4.0 4.0 4.0 4.0 4.0 

Total 22.0 22.0 22.0 22.0 22.0 

Korea, Republic of: 

Primary 140.1 157.8 154.6 168.3 171.9 

Secondary *11.5 °7.2 3.3 0.7 8.0 

Total “151.6 “165.0 157.9 169.0 2179.9 

Mexico: 

Primary: 

Electrowon 8.0 8.0 9.7 11.4 10.0 

Other® 96.1 67.8 100.2 98.9 112.0 

Secondary® 19.4 13.7 20.2 "19.9 22.0 

Total? 123.6 89.5 130.0 130.2 144.0 

Norway, primary 31.1 30.5 29.4 31.7 235.0 

Oman, primary | 14.0 14.5 15.5 16.5 215.1 

Peru, primary: 

Electrowon "30.9 "29.0 26.5 21.1 219.7 
Other "230.5 "226.7 225.9 179.6 2220.0 

Total? "261.4 "255.7 252.4 200.7 239.6 

Philippines, primary 130.2 134.5 132.1 132.2 2132.2 

Poland, primary* 387.0 388.0 390.0 401.0 400.0 

Portugal, primary* 4.5 5.3 °5 3 “6.0 6.8 

Romania:° 

Primary 33.0 32.0 30.0 30.0 33.0 

Secondary 12.0 11.0 12.0 12.0 12.0 

Total 45.0 43.0 42.0 42.0 45.0 

South Africa, Republic of, primary‘ 164.3 158.6 152.7 139.4 145.7 

Spain: a OO Oo 

Primary 101.7 130.6 100.4 108.8 115.7 

Secondary 50.0 24.5 51.0 50.0 50.0 

Total 151.7 155.1 151.4 158.8 165.7 

See footnotes at end of table. 
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. TABLE 43—Continued 

COPPER: WORLD REFINERY PRODUCTION,’ BY COUNTRY 
(Thousand metric tons) 

Country 1985 1986 1987 1988? 1989° 
Sweden: 

Primary 58.5 72.8 79.9 68.3 69.7 
Secondary "26.0 "19.1 12.0 22.0 25.0 

Total 84.5 "91.9 91.9 90.3 94.7 | 

Taiwan: oO oO 

Primary 46.7 50.4 47.0 43.3 243.2 

Secondary“ 8.0 8.0 10.0 10.0 10.0 

Total® 54.7 58.4 57.0 53.3 53.2 

Turkey, primary 60.6 75.1 75.6 68.4 68.4 

U.S.S.R.:° 
" To ——————— —= 

Primary s—s—s—‘—sSsSsSSSSSSSSSsé810,0 830.0 840.0 850.0 850.0 
Secondary 143.0 145.0 147.0 “150.0 150.0 

Total . 953.0 975.0 987.0 “1,000.0 1,000.0 

United Kingdom: 

Primary 63.9 62.4 54.0 : 49.3 50.0 

Secondary 61.6 63.2 68.3 74.7 75.0 

‘Total? 125.4 125.6 122.3 124.0 125.0 
United States: 

Primary: | 

Electrowon 90.5 125.4 161.3 228.0 2311.9 

Other 966.8 948.6 965.6 1,178.0 21,164.9 

Secondary 371.8 405.9 414.7 446.0 2476.9 

Total3 1,429.0 * 1,479.9 1,541.6 1,852.0 21,953.8 

Yugoslavia: 

Primary 101.7 99.2 98.8 105.6 110.0 

Secondary 33.8 0.8 40.1 39.8 41.0 

Total? 135.4 “100.0 138.9 | 145.4 2151.0 

Zaire, primary 221.4 218.0 210.1 202.6 2181.9 

Zambia, primary:> © Oo oe a oo 

Electrowon 33.2 "51.1 69.6 51.8 50.0 

Other 463.3 “446.5 426.6 397.7 400.0 

Total? 496.5 497.6 496.3 449.6 450.0 

Zimbabwe:7 a a Oo a 

Primary 20.4 20.4 18.8 16.1 215.7 
Secondary 2.1 4.9 4.2 11.4 8.3 

Total® 22.5 25.3 23.0 27.5 24.0 

Grand total? “9,408.3 "9,601.5 9,833.4 10,331.7 10,726.6 

Of which: 

Primary? "7,472.2 "7,740.8 7,847.7 8,126.2 8,435.5 

Secondary? "1,523.2 "1,447.9 1,573.3 1,676.2 1,722.1 

Primary and secondary, 

undifferentiated “412.8 "412.8 412.5 529.2 569.0 

“Estimated. PPreliminary. Revised. 
‘This table includes total production of refined copper, whether produced by pyrometallurgical or electrolytic refining methods and whether derived from primary unrefined copper or from scrap. Copper 

cathode derived from electrowinning processing is also included. Table includes data available through June 27, 1990. 

Reported figure. 

3Data may not add to totals shown because of independent rounding. 

“May include secondary. 
° 

‘Data are for fiscal year beginning Apr. 1 of that stated. 

6Electrowon covers only presumably high-grade cathodes reported as ‘‘finished product leach cathodes.’’ Other, in addition to electro-refined cathodes, includes ‘‘finished product refined shapes’’ presumably 

cast from electro-refined cathodes, high grade electrowon cathodes or any blister/anodes and low-grade electrowon cathodes that were fire-refined. 

7May not include copper-nickel matte (copper content more than 6,000 tons per year) imported from Botswana for toll refining in 1986-89. 
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By Lawrence L. Davis 

Mr. Davis, a physical scientist with 34 years of industry and Bureau of Mines experience, has been acting commodity specialist p 
for diatomite since 1989. Domestic survey data were prepared by Blanche S. Hughes, mineral data assistant; the international 

data table was prepared by Giovanni Jacarepaqua, international data assistant. 

.S. sales of processed diatomite | was slightly less than in 1988. U.S. exports TABLE 2 
decreased slightly to 617,000 | of processed diatomite were 137,000 tons, 1 
metric tons valued at $137 | about 7% less than in 1988. Average unit eee NY MAK oe oe 
million. Seven companies pro- | value was $302 per ton compared with 

cessed diatomite at 11 plants in 5 States. | $268 per ton in 1988. Diatomite was (Percent of U.S. production) 
California continued to be the leading State | exported to 67 countries. The following 
followed by Nevada, Washington, Oregon, | four countries combined received 37% of | yj... ——S—S«WI 985. 1986 1987 1988 1989 
and Arizona. Major domestic producers | the total exported: Japan, 16,600 tons; Ee 
were Manville Products Corp., with opera- | Australia, 12,600 tons; the Federal Fillers 217] 
tions at Lompoc, CA; Grefco Inc., Dicalite | Republic of Germany, 11,100 tons; and the Filtration 66670) 

Div., at Lompoc and Burney, CA, and | United Kingdom, 10,100 tons. U.S. exports | Insulation 38 
Mina, NV; Eagle-Picher Minerals Inc. at | represented 22% of domestic production. | Other? 2 Bo BB 
Sparks and Lovelock, NV, and Vale, OR; | Imports of diatomite were 838 tons, of | [Includes exports - _ . 
and Witco Corp., Inorganic Specialties | which 84% was supplied by Mexico. Includes absorbents, additives, and silicate admixtures, 
Div., at Quincy, WA. Other producers were 
Whitecliff Industries, Mammoth, AZ; CR 
Minerals Corp., Fernley, NV; and Oil-Dri WORLD REVIEW 
Production Co., Christmas Valley, OR. | 

a World production was estimated to be 1.8 TABLE 3 

CONSUMPTION AND USES million tons in 1989. The United States re- | AVERAGE ANNUAL VALUE PER 
$F S| d mained ne world’s leading producer METRIC TON’ OF DIATOMITE, 

. followed by Romania, the U.S.S.R., and BY MAJOR USE 
Apparent domestic consumption of pro- | France. These four countries accounted for 

cessed diatomite decreased slightly tO | 75% of world production. a 
481,000 metric tons. The major use of Uses :1987_— 19881989 

diatomite is in filtration to separate Fillers $249.71 $243.49 233.68 
suspended sous in aes i mee OTHER SOURCES OF INFORMATION | Filtration 239.86 244.34 237.61 

tic and export sales of filter-grade Too 
diatomite were 441 000 tons slightly more Bureau of Mines Publications insulation 120.99 hI N07 8} 
than in 1988, Sales of diatomite as a filler, |  Diatomite. Ch. in Minerals Yearbook, annual | Otter” _ 132.870 NA). N6 
the second largest use, were 90,000 tons, Diatomite. Ch. in Mineral Commodity Sum- Weighted 

about 15% leee than ia 1988. maries, annual. __average 225.06 228.56___—221.58 
Diatomite. Ch. in Bulletin 675, Mineral Facts “Includes absorbent, vaaivives and silicate admixtures 

TTT and Problems, 1985 edition. 

PRICES Other Sources 
FOREIGN TRADE Engineering and Mining Journal. 

Industrial Minerals (London). 

The average unit value of sales for pro- Mining Engineering. TABLE 4 
cessed diatomite was $222 per ton. This Mining Journal (London). 

U.S. EXPORTS OF DIATOMITE 

TABLE 1 (Thousand metric tons and thousand dollars) 

DIATOMITE SOLD OR USED BY PRODUCERS IN THE UNITED STATES | SSCS 
; Year Quantity Value! 

(Thousand metric tons and thousand dollars) a 

19860082180 
qr ga dg gong | 2287 83,075 | | | 1985 1986 1987 1988 1989 1988 147 39,374 

Domestic production (sales) 576 570 596 629 617 1989 137 41,290 

Total value of sales $127,030 $128,362 $134,239 $143,774 $136,754 | Ds amma SCS 
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TABLE 5 

DIATOMITE: WORLD PRODUCTION, BY COUNTRY’ : 

(Thousand metric tons) 

Country 1985 1986 1987 1988? 1989° 

Algeria 3 4 “4 “4 4 

Argentina 10 14 5 7 7 

Australia 8 9 10 il ll 

Brazil (marketable) "18 ‘20 16 — F220 20 

Canada® 4 4 4 4 4 
Chile a 2 3 3 3 3 

Costa Rica — — — 5 5 

| Denmark: 

Diatomite® 6 6 6 6 6 

Moler 72 73 66 “66 66 

France® 3270 260 250 250 250 | 

Germany, Federal Republic of 48 49 47 “48 48 

Iceland — 29 23 “25 “25 25 

Italy° 30 27 28 28 28 

Kenya | 3 J 1 1 1 , 

Korea, Republic of 54 55 65 72 70 

Mexico 46 36 35 35 35 

Peru 15 *9 21 15 15 

Portugal 2 2 “2 2 2 | 

Romania‘ 300 300 280 280 260 

South Africa, Republic of 1 2 (4) (4) (4) 

Spain 96 128 ©100 ©100 100 

Thailand (4) (4) (4) (4) (4) | 
Turkey‘ 3 3 3 "I 1 

U.S.S.R.° 245 250 255 260 260 

United Kingdom (*) (*) (‘) (*) (*) 
United States> 576 570 596 629 3617 

Total 11841 "1,848 “1,822 “1872 1,838 
“Estimated. PPreliminary. "Revised. 

1Table includes data available through Apr. 9, 1990. 

2Data represent sales. 

3Reported figure. 

‘Less than 1/2 unit. 

5Sold or used by producer. 
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FELDSPAR, NEPHELINE 
SYENITE, AND APLITE 

By Michael J. Potter | 

Mr. Potter, a physical scientist with 23 years industry and Bureau of Mines experience, has been the commodity specialist 
for feldspar since 1976. Domestic survey data were prepared by Linder Roberts, mineral data assistant; and international 
data table was prepared by Virginia Woodson, international data assistant. | 

otal U.S. feldspar production | feldspar or feldspathic sand mixtures. | making, including container glass and 
in 1989, including soda, pot- | North Carolina had six plants, Califor- | glass fiber, and 45% was used in pot- 
ash, mixed feldspar, and | nia had three, and Connecticut, Geor- | tery. Fewer housing starts in 1989 re- 

| feldspar-silica mixtures, was | gia, Idaho, Oklahoma, and South Da- | sulted in decreased feldspar usage in 

720,000 short tons with a value of $28 | kota each had one. The grinding plant | plumbing fixtures and tile compared to 
million. Imports of nepheline syenite | was located in South Carolina. the previous year. 
were an estimated 334,000 tons with a The Bureau of Mines uses a criterion Processed feldspar is added to glass- 
total value of $12.3 million. of 8% minimum K,O content in col- | making formulas for its alumina and 

lecting data for potash feldspar. alkali contents. Alumina enhances the 
California Silica Products Co. with- | workability of molten glass and im- 

FELDSPAR drew from glass sand supply at the end | proves the finished product by giving it 
Ss ff: 1988 and was to concentrate on the | better chemical stability. The increased 

. recreational and construction sectors. | workability facilitates the operation of 
Domestic Data Coverage Beginning in January 1989, Corona | automatic machines for shaping jars 

Domestic production data for feld- | Industrial Sand Co. (CISCO), Corona, | and bottles. Greater chemical stability 
spar are developed by the Bureau of | CA, and Unimin Corp., Emmett, ID, | broadens the usefulness of the contain- 
Mines by means of a voluntary survey. | were added as producers of feldspar | ers. Feldspar is used in ceramic mix- 

Of the 14 active operations, 11, or | silica sand. tures, such as those for the making of 
79%, responded, representing an esti- vitreous china and porcelain enamels, 
mated 83% of the total production | Consumption and Uses principally as a flux. It fuses at a 
data for feldspar shown in table 1. The Of the total feldspar sold or used in | temperature below the melting point of 

remaining 17% was estimated from | the United States, 54% went into glass- | most of the other ingredients. It also 
prior year data adjusted to current in- | 
dustry levels. 

TABLE 1 

Legislation and Government SALIENT FELDSPAR AND NEPHELINE SYENITE STATISTICS 
Programs 

According to provisions of the Tax |~—  -4985.~=«W:986~~*~<“—s~‘Cs«~SWSBTSO*«‘~WSBBO!! OCQBO 
Reform Act of 1969, which continued United States SCOC“‘“‘<7(CS# 
. . nited States: 
in force throughout 1989, the depletion | <Q 

. . Feldspar: 
rate allowed on domestic and foreign | ————_____LLL___——___ 
feldspar production was 14%. Produced . short tons 700,000 735,000 720,000 715,000 720,000 

Value thousands $22,800 $26,100 $26, 100 $26,400 $28,000 

Production Exports short tons 9,280 12,000 9,634 13,712 10,283 

Feldspar or feldspar-silica sand was Value | thousands $680 $1,024 $691 $769 $829 

mined in seven States, led by North Imports for 
Carolina and followed in descending consumption short tons 952 1,251 4,833 6,827 13,231 

order by Connecticut, California (esti- Value thousands $1,150 $542 $477 $659 $873 

mated), Georgia, Oklahoma, Idaho, Nepheline syenite: 

and South Dakota. North Carolina ac- Imports for 
counted for 67% of the total. Twelve consumption short tons 332,604 298,806 308,685 309,844 334,000 

U.S. companies operating 14 benefici- Value thousands $11,435 $11,280 $11,401 $11,233 $12,273 

ating plants and 1 grinding plant pro- Consumption, apparent? 
duced feldspar or feldspar-silica mix- (feldspar plus nepheline 

tures for shipment to more than 31 | ___Syenite) thousand short tons 1,024 1,023, 1,024,018 1,057 
States and foreign countries, including World: Production (feldspar) do. "4,442 "4,430 4,769 P5,150 ©5,155 

Canada and Mexico. Of the 12 compa- | ‘Estimated. PPreliminary. “Revised. a . 
nies, 3 pro duced po tash fel dspar, and Conn Me feldspar, flotation-concentrate feldspar, and feldspar in feldspar-silica mixtures; includes potash feldspar (8% 

the remainder produced soda or mixed 2 Production plus imports minus exports. 
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| TABLE 2 Prices 

FELDSPAR! PRODUCED IN THE UNITED STATES Industrial Minerals (London), listed 
the following prices for feldspar, per 

(Thousand short tons and thousand dollars) short ton, f.o.b. plant, bulk: 

Vear Hand-cobbed can renebar-sizca Total? Producing States 1988 1989 
Quantity Value Quantity Value Quantity Value Quantity Value | Ceramicgrade: | 

1985 14 Ww ~s 487 16,781 197 WwW 700 22,800 Middleton, CT, 
1986 13 Ww 522 19,855 200 W 735 26,100 | minus 200 mesh______ $53.25 $67.50 
1987 10 W 492 17,800 219 W 720 26,100 vvecch high porash 73.50 89.50 
1988 14 W 498 18,657 204 W 715 26,400 SprucePine, NC, 

1989 12 WwW 468 16,915 241 W 720 28,000 170-250 mesh 44.00 50.00 

Ww Withheld to avoid disclosing company proprietary data; included in “Total.” Glass grade: 

2 Feldeoes Potash wcicsPar (8% K,O or higher). Mid dleton, CT, 96% 

> Data may not add to totals shown because of independent rounding. plus 200 mesh 39.00 . 45.00 

Monticello, GA, 92% 

plus 200 mesh, 

TABLE 3 high potash 54.00 64.75 

Spruce Pine, NC, 

PRODUCERS OF FELDSPAR AND FELDSPATHIC MATERIALS IN 1989 97.8% plus 200 
mesh 30.75 32.50 

Company Plant location Product Source: Industrial Minerals (London), No. 267, Dec. 1989, p. 74. 

APAC Arkansas Inc. Muskogee, OK Feldspar-silica mixture. World Review 

Calspar Div. of Steelhead 

Resources Inc. Santa Fe Springs, CA Soda feldspar. . . 

CISCO. orona,CA ~~ Feldspar-silica mixture. |  C@pPacity.—The data in table 9 are 
Cyprus Foote Mineral Co. ~”~”~”°*Kings Mountain, NC.SOC~CStC—SS SC SSS rated capacity for mines and refineries 
OO __? __HtHHH4skhHsHH44HW~__________ } as of December 31, 1989. Rated capac- 

The Feldspar Corp. Middletown, CT. «Soda feldspar. _—_—|_ ity is defined as the maximum quantity 
—_ Po Monticello, GA s«Ptash feldspar. | of product that can be produced in a 

Do. Spruce Pine, NC Soda feldspar. period of time on a normally sustain- 
Do. Montpelier, VA Aplite. able long-term operating rate, based on 

Indusmin Inc. Spruce Pine, NC Soda feldspar. the physical equipment of the plant, 

KMG Minerals, Inc. Kings Mountain, NC Potash feldspar. and given acceptable routine operating 

Lithium Corp. of America Bessemer City, NC Feldspar-silica mixture. | Procedures involving labor, energy, ma- 
PacerCorp. §§ § Custe,SD ~~~*Potash feldspar. + —_| terials, and maintenance. Capacity in- 
Spartan Minerals Corp. ~—~—~—SPacolet, SC.=~*~CS*t*~<CSsS~SS elds par-silica mixture, | C!s both operating plants and plants 
UniminCorp. +  —EmmetID. Do temporarily closed that, in the judg- 

shes —§— | ment of the author, can be brought into 
Do. Spruce Pine, NC Soda feldspar. . wae . 

| production within a short period of 
US. Silica€o. Oceanside, CA CFeIdspar-silica mixture. | time with minimum capital expendi- 

ture. Because actual capacity data were 
not available, recent peak production 
during the past 5 years for the United 

performs as a vitreous binder to cement | principally of feldspathoid minerals— | States and foreign countries was con- 
particles of various crystalline substances | sodium-potassium feldspars and nephe- | sidered to be equal to rated capacity. 
present in ceramic mixtures. Feldspar | line—with little or no free quartz. All 
serves advantageously in abrasives and | of the nepheline syenite consumed in Ethiopia.—A feasibility study and 
scouring soaps. It forms a mild abrasive | the United States in the manufacture | engineering design were being prepared 
but is soft enough to avoid injury to the | of glass and ceramics and in filler ap- | for the production of 4,400 tons per 
article being cleaned. Feldspar is also | plications is imported from Ontario, | year each of kaolin, feldspar, and 
used as a filler in paint, foam rubber, and | Canada. quartz. These products would be used 
plastics. The raw materials most often Other materials that can serve as | as raw materials for the Ceramics Man- 
substituted for feldspar in a number of | substitutes for feldspar in the glass and | ufacturing Complex to be established 
end uses are aplite and nepheline syen- | ceramics industries include talc, pyro- | at Awassa. The kaolin and feldspar 
ite. Aplite, which contains plagioclase | phyllite, electric-furnace slag, and | deposits were 267 miles from Addis 
(lime-soda) feldspar, is mined in Vir- | Cornwall stone. Ababa. Laboratory tests on feldspar 
ginia and used mostly in glassmaking. The quantity of potash feldspar sold | from the Kenticha deposit showed that 
Nepheline syenite is a coarse crystalline | or used in 1989 was 80,500 tons with a | the material was suitable for use in 
rock resembling granite but consisting | value of $6.4 million. ceramics and glass. Development of the 
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TABLE 4 characterized by high contents of K,O 

FELDSPAR‘! SOLD OR USED BY PRODUCERS IN THE UNITED plus Na,O, Al,O3, and nepheline, and 
STATES, BY USE low iron content. The ore can be bene- 

ficiated by crushing, grinding, and 
(Thousand short tons and thousand dollars) magnetic separation, yielding a prod- 

| uct that can be used in glass and 
Use 1988 1989 ceramics.° 

Quantity Value : Quantity Value 

Hand-cobbed: | ese 

Pottery 5 W 5 WwW APLITE 

Other 7 W 5 W | 

2 

__ ort ——__— — _ ——— —_ Aplite is a feldspar mineral that has 
Flotation concentrate: . see 

oo more than one geological definition. 
Glass 217 7,937 183 7,009 | However, aplite from the one active 
_Pottery 8 15,591 __ 288 15,717 | U.S. operation contains primarily lime- 
— Totl* SB 23,528 470 22,726 | soda feldspar. Aplite, usually unsuit- 
Feldspar-silica mixtures: * | able for use in ceramics, has been used 
Glass 181 7,569 202 10,716 | in the manufacture of glass when it is 

Pottery 32 WwW | 25 w | sufficiently low in iron. 
Total 2 212 W 927 WwW Aplite of glassmaking quality was 

Total? ( tt(<i‘i‘ Ut — ——— ———= | produced in the United States by The 
Glas*¢ tt(itsCstststsS 397 15,506 384 17,725 Feldspar Corp. near Montpelier, Ha- 
pottery. SCS 304 w 318 w | Hover County, VA. 
Ones ; w ; W Domestic output decreased com- 

| —_-— ———_ —__ — | pared with that of 1988. The data are 
Total 88880085900 company proprietary and cannot be re- 

ined wid sn area dine i Toa leased for publication. Aplite tradition- 
2 Data may not add to totals shown because of independent rounding. ally has a somewhat lower price than 

_Feldspar content. a feldspar. Industrial Minerals (London), 

nade contin: east and ls December 1989, gave a value of $25.75 
per ton for glass grade, bulk, 100% plus 
200 mesh, f.o.b. Montpelier, VA. 

industrial minerals sector is the respon- | was at least 660,000 tons. The largest With an annual production of 
siblity of the Industrial Minerals Divi- | market for the mineral has been the | 500,000 tons to 580,000 tons, Japan 
sion of the Ethiopian Mineral Re- | glass industry. Applications were being | has been the world’s largest producer 
sources Development Corp.’ pursued in the adhesives, rubber, and | of aplite. Italy is the world’s largest 

plastics industries.? producer of feldspathic materials, in- 

Turkey.—Laboratory research was In Norway, nepheline syenite was | cluding feldspar and aplite; published 
performed on feldspar ore, from Simav | produced at the Elkem Nefelin A/S, | figures did not give the relative break- 
in western Turkey, containing 98% feld- | underground mining operation on the | down of the two minerals. 

spar and quartz, 1.5% micas and0.5% | arctic island of Stjerngy. Output was 
accessory minerals such as garnet, tour- | 287,000 tons in 1988. Sales were largely 
maline, magnetite, and hematite. The | to markets in Western Europe.* a 
research, done at the Technical Univer- Prices for Canadian nepheline syen- | QUTLOOK 
sity of Istanbul, included geologic, pet- | ite listed in Industrial Minerals (Lo2-_—_AJWNHH 
rographic, and mineral processing stud- | don), December 1989, were $22 to $28 
ies. The optimum mineral processing | per ton for glass grade, 30 mesh, bulk, The outlook for the near future is for 
scheme included size reduction, classi- | carlots-trucklots, depending on iron | feldspathic demand to remain generally 
fication, and flotation.” content; $67 per ton for ceramic grade, | at 1989 levels. Continued competition 

200 mesh, bagged, 10-ton lots; and $79 | from imported nepheline syenite, as well 

SS séto $91 per ton for filler-extender grade, | as increased use of recycled glass (cullet) 
NEPHELINE SYENITE bagged. : and lightweighting of glass containers, 

TT TT In China, 14 nepheline syenite bodies | will reduce the demand for feldspathic 
with a total area of approximately 0.4 | materials in glass manufacturing. 

Nepheline syenite was produced by | square miles have been found, mainly If housing starts rebound moderately 
Indusmin Ltd., a division of Falcon- | in southwestern China. Because of its | from 1989 levels, requirements for feld- 
bridge Ltd., from two operations at | high iron content, the nepheline syen- | spathics in plumbing fixtures, tile and 
Blue Mountain, and Nephton, Ontario, | ite’s application is limited. Another | glass fiber for insulation will be main- 

Canada. Output in 1988, the latest year | nepheline ore, apaneite ore, is found | tained. This should offset the drop of 
for which information was available, | only in Sichuan province. This ore is | feldspathic usage in glass demand. 
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aw BACKGROUND _ 
DESTINATION OF SHIPMENTS OF FELDSPAR! SOLD OR USED OT 

BY PRODUCERS IN THE UNITED STATES, BY STATE Definitions, Grades, and 

(Short tons) Specifications 

Feldspar is the general term used to 

State 1985 1986 1987 21988 31989 | designate a group of closely related 

Alabama W 20,100 W W W | minerals, especially abundant in igne- 
California® 4 50,000 50,000 50,000 50,000 75,000 | Ous rocks and consisting essentially of 
Florida” 16,900 20,000 14,200 Ww w | aluminum silicates in combination with 

Georgia —(ité‘é~*séSS «3 91,600 86,500 93,100 82,200 | Varying proportions of potassium, so- 

nos —=«samo— 900 aaao aaron ao um, and clelam, The principal fed ° 3 

Indiana Ww Ww w 30,100 25,0 | both K,0°Al,0,°6SiO,, and anorthite, | 
Kentucky «16,200 16,900 Ww 17,000 16,200 | CaO*Al,0,°2SiO,. Specimens of feld- 
Louisiana 12,200 14,100 14,900 13,900 12,000 | spar closely approaching these ideal 
Maryland 7,400 7,000 6,400 7,200 8,400 | compositions are seldom encountered 
Mississippi W WwW WwW 13,200 11,500 | in nature, however, and nearly all pot- 

| Missouri 4,700 6,100 5,200 4,900 W | ash feldspars contain significant pro- 

North Carolina 17,000 20,700 40,500 23,700 19,900 | portions of soda feldspar. Albite, or 
Ohio 65,800 68,200 64,400 64,700 57,600 | Soda feldspar, and anorthite are the 
Pennsylvania. 31,100 33,600 36,400 29,200 38,400 | theoretical end members of a continu- 
TexasttiCS~S 42,000 45,000 44,000 Ww w | ous compositional series known as the 

West Virginia —«27,000 24,400 19,800 18,700 18,500 | Plagioclase feldspars, none of which is 
Othe® —~—~=«O277,400 289,400 306,000 332,400 314,800 ordinarily without at least a minor ad- 
Tonle SCT 0D 735-000 30.000 =30 000 0 000 mixture of potash. Commercially 

ee speaking, potash spar’ is feldspar 
Includes potash feldepar @ me Ky O or histe anid proprietary data; included with “Other destinations. Cc ontaining 10% Or more K,O; “coda 

2 An estimated 68% of these data were obtained by survey forms; the remaining 32% were estimated. Spar contains 7% or more Na,O. 

: Due to lack of actual data, an estimated 65% of State destination data were obtained by projections of previous years’ data. Perthite is the name given to material 

5 Includes Arkansas, Colorado, Connecticut, Kansas, Massachusetts, Michigan, Minnesota, New Jersey, New York, Oklahoma, Rhode consisting of orthoclase or microcline 

Island, South Carolina, Tennessee, Virginia, Wisconsin, States indicated by symbol W, and unspecified States. Also includes exports to and containing crystals that are inter- 

Canada, Mexico, and other foreign countries. grown with crystals of albite. Most of 

Data may not add to totals shown because of independent rounding. 
the feldspar of commerce can be clas- 
sified most correctly as perthite. 

Alaskite is a_ relatively coarse 
grained, granite-like feldspar ore which 
occurs in the Spruce Pine district of 
North Carolina. The principal mineral 
ingredients of this ore are approximately: 

TABLE 6 plagioclase, 45%; quartz, 25%; micro- 

DESTINATION OF SHIPMENTS OF POTASH FELDSPAR! cline, 20%; and muscovite mica, 10%. 
SOLD OR USED BY PRODUCERS IN THE UNITED STATES Minor amounts of other minerals are 

also present.” Beneficiated feldspar from 
(Short tons) alaskite comprises a major portion of 

total U.S. feldspar output. 

Destination 1985 1986 1987 1988 1989 Feldspar for glass manufacturing, 
Illinois, Indiana, Wisconsin =)——=«SBOD—<“<‘iésé«~SS«SSDsCi(<iésCéshSS”*é<‘<‘éwW.OCOt#(’WSWW +I é#Ordinarily ground to 20 to 40 mesh, 
Maryland, New York, West Virginia. 28,000 25,600 W W w | usually contains 4% to 6% K,O, 5% to 
Ohio. 8,200 Ww Ww Ww w | 7% Na,O, and approximately 19% 

Pennsylvania. =S=CS«S «00 Ww Ww w w | Al,O3. Material for this purpose may 
Toast 300 300 w w w be sold as a feldspar concentrate low in 

free quartz or else in the form of a 
Canada CttC—si‘“‘«CS 3,500 Ww w W | mixture containing feldspar and quartz 
Other*  —“‘i‘“‘;SSCSC~C*C‘S 400 39,200 WwW _ Ww ___ | with harmful impurities removed. In 

Total 77,000 74,100 Ww 94,500 80,500 | glass-grade feldspar, the iron content, 
W Witheld to avoid disclosing company proprietary data; included with “Other.” expressed as Fe,O;, is approximately 

2 ncludes Alabama, “Arkansas, California, Colorado, Connecticut, Florida, Georgia, Kansas, Kentucky, Louisiana, Michigan, 0.08% for high-quality clear glass. 

Massachusetts, Minnesota, Missouri, New Jersey, North Carolina, Oklahoma, South Carolina, Tennessee, Virginia, States indicated by Typically, 150 to 200 pounds of ground 

symbol W, and other unspecified States. May also include countries. feldspar is used to produce 1 ton of 

container glass. 
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TABLE 7 TABLE 9 

U.S. EXPORTS OF FELDSPAR, BY COUNTRY WORLD FELDSPAR ANNUAL 
PRODUCTION CAPACITY, 

Country 1988 1989 DECEMBER 31, 1989 

Short tons Value Short tons Value (Thousand short tons) 

Canada 1,454 $76,986 2,217 $146,955 

Dominican Republic 294 17,754 323 22,433 | Rated capacity! 

Italy 1,274 66,216 979 74,680 | North America: 
Mexico 2,954 199,653 2,252 172,329 | Mexico © 117 

Panama 970 50,439 ~ — |  UnitedStatess 735 

Taiwan 5,182 269,692 1,202 154,261 Total 852 

Venezuela 734 38,160 825 59,898 | South America: 2 ”* — 

Other 850 50,197 2,485 198,440 | Brazil © 133 

Total 13,712 769,097 10,283 828,996 | Venezucla © 106 

Source: Bureau of the Census. Other 123 . 

Total 362 

Europe: 

TABLE 8 Finland 62 
U.S. IMPORTS FOR CONSUMPTION OF FELDSPAR, France 238 

BY TYPE AND COUNTRY Germany, Federal 
Republic of 355 

ON 088—Ot~<“‘i‘ O;‘C ‘(!”!SC*«*S*;CPZOO! Italy 1,540 

| Type and country Short Value! Short Value! Norway 88 
tons tons Poland 66 

Crude: Romania ‘* 95 

Canada _— — — — Spain 178 . 

Germany, Federal Republic of 12 $3,507 = — Sweden 55 . 

Mexico 56 2,487 () ?) | US.S.R.e 360 
Netherlands . 7 1,975 — _ Yugoslavia 54 

Ground, crushed, or pulverized: | Other 68 

Canada 19 6,278 — — Total 3,159 

Germany, Federal Republic of 25 5,076 32 $8,241 | Africa: TO 

Korea, Republic of — — — — South Africa, 

Mexico | 6,708 - 639,643 13,199 864,407 Republic of 90 

United Kingdom _ — — — Other a 0 

Total 6,827 658,966 13,231 872,648 Total 120 
1 Customs value. Asia and Oceania: 

Crude and ground combined. India 57 

Source: Bureau of the Census. Korea, Republic of 266 

Thailand 330 

. . . Other 281 
Feldspar with a high potash-to-soda | more stringent than for glass grade; | ——————————_ —————- 

ratio is often preferred for pottery mak- | Fe,O, content may be 0.07%. Feldspar Total 934 
ing, and spar for this purpose is usually | for use in filler applications, such as for | __Worldtotal* 5,430 
ground to minus 200 mesh. Potash spar | foam rubber products, may be similar to | {Estimated. 

. . . Includes capacities of operating plants, as well as plants on 
ground to 120 or 140 mesh is usually | pottery spar in fineness of grind and | ganaby basis. 
specified for use in porcelain enamel, | chemical composition, although more | 7Data do not add to total shown because of independent rounding. 
and even traces of such impurities as | free quartz is often accepted; sometimes 
garnet, hornblende, tourmaline, and | material for this purpose may be held to 
biotite mica ordinarily are not toler- | particle-size specifications expressed in 
ated. Both potash and soda feldspars, | micrometers. North Carolina. Feldspar, aplite and 
ground to minus 200 mesh, are used in imported nepheline syenite from Can- 
glazing. Industry Structure ada compete against each other, espe- 

Pottery-grade feldspar for whiteware Among the largest U.S. feldspar pro- | cially in the eastern United States. 
and similar ceramic products may range | ducers in 1989 were The Feldspar | Shipping costs play a big role in deter- 
from 5% to 14% in K,O content and | Corp., with operations in Connecticut, | mining the market radius of each of the 
usually is ground to 200 mesh or finer. | Georgia, and North Carolina, and In- | three feldspathic products. 
Limitations on iron content may be even | dusmin Inc. and Unimin Corp. in Feldspar was produced in more than 
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40 other countries in 1989. Italy has TABLE 10 

reportedly had the highest output of FELDSPAR: WORLD PRODUCTION, BY COUNTRY! 
feldspathic materials in recent years; 
much of that country’s production is (Thousand short tons) 
believed to be aplite (lime-soda feld- So 

| spar). Other significant feldspar pro- Country? 1985 1986 1987 1988 1989° 
ducers in Western Europe included | Argentina 30 "27 32 44 33 
France and the Federal Republic of | Australia 7 11 13 18 18 
Germany. Norway is the only other | ayia ti(‘(i‘i(ai<CSCSé*~*;: 15 3 5 9 9 

producer of nepheline syenite in the | ,05y3.. # #=# 121 133 131 re€1439 132 
Western World besides Canada. There Buma 3 4 ) 3 3 
has been considerable trade in felds- Chie 3 ; \ 5 5 
pathic materials in Western Europe be- | ———— . 

cause of the close proximity of the | Colombia 38 39 37 39 39 
countries involved. International trade | Bader, 4 3 2 3 3 
in other parts of the world is somewhat | Egypt | 21 21 18 7 7 
limited. Finland 58 52 57 ©55 55 

France 190 238 *231 ©231 220 

Geology-Resources Germany, Federal Republic of 355 273 342 ©330 350 
Feldspar, one of the most abundant | Guatemala 6 6 8 eg 8 

minerals in the Earth’s crust, is found in HongKong 120 39 25 12 11 

significant amounts in some sedimen- | jg, 2... ~~ 5] 51 55 56 57 
tary strata and in nearly all igneous lan’. 435 35 35 35 35 
formations. Workable deposits of feld- | —MH____—_- . 

. . oe Italy 1,230 1,258 1,310 1,508 1,540 
spar are probably widely distributed | ——W— 
throughout most of the world, and the | 22P@2. 34 35 37 32 48 
total quantity of the mineral potentially | Keya_ I _ () () _ 
available is very large. Korea, Republic of 160 144 199 266 265 

It has been estimated that feldspar | Mexico “110 94 117 106 110 
constitutes 60% of all crystalline igne- | Morocco* 1 1 1 1 1 

ous rocks. Granted sufficient demand | Mozambique° (*’) (’) (°) (°) — 
and economic incentive, the mineral | Nigeria ) 3 1 (8) (’) 
could be extracted from the world’s | Norwaye® ss ttst—~S~S 499 88 88 88 88 
granite, a source that is extremely large. | baistan 2232 6 13 7 10 10 

Data are not available on the quan- | pO tst—<“is_SSOSOSOSS _ 1 7 re99 > 
tity of feldspar in either domestic or | —————_LL- ° 

- . Philippines 6 7 7 10 7 
foreign deposits. However, U.S. re- | ———_—_ | . 
serves are estimated to be quite large in Poland (wl 63 61 3 3 
the Spruce Pine district of North Caro- | Portugal 32 37 45 “4l 42 
lina alone. Romania ° 95 95 90 90 83 

Feldspar concentrations of potential | South Africa, Republic of 36 58 73 90 90 
economic interest exist in many pegma- | Spain'® 150 149 178 154 154 

tites, granites, and other granitic rocks, | Sri Lanka 11 8 8 7 7 
and as accumulations of certain resid- | sweden® 446 44 44 44 A4 
ual sands on ocean beaches or river | Fuiwant=<“‘i‘;3ORTO~*~*~*~*W 2 29 3] 21 21 

banks. Thailand 115 127 186 324 330 
Pegmatites are masses of coarsely Turkey 699 7) 33 62 66 

crystalline rocks of igneous origin. Peg- USSR’ SOG 360 360 £360 360 
matite bodies may range in size from | ——————_________ 

small pods to extensive formations | United Kingdom (china stone) _ y 8 6 y 8 
measuring hundreds or even thousands | United States 700 735 720 TS 720 
of feet. The principal feldspar ore bod- | Uruguay “1 1 | 1 | 
ies of pegmatitic type currently being | Venezuela "47 38 48 106 55 
exploited in the United States are lo- | See footnotes at end of table. 
cated in Connecticut, North Carolina, 
Georgia, and South Dakota. Poten- 
tially exploitable pegmatite bodies are 

known to exist in other areas. 
The only feldspathic sand deposits 

now being mined in the United States 
are in California, Idaho and Okla- 
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TABLE 10—Continued homa. Other accumulations of felds- 

FELDSPAR: WORLD PRODUCTION, BY COUNTRY! pathic sands in the United States offer 
possibilities as future sources of feld- 

(Thousand short tons) spar supply. 

| Granites are widely distributed igne- 
Country” 1985 1986 1987 1988? 1989° | ous rocks of plutonic origin. Granites 

Yugoslavia 54 53 50 39 39 | are present as major components of 
Zambia (’) () (’) (’) (7) | whole mountain ranges, and the di- : 
Zimbabwe 3 > 3 4 4 | mensions of granite bodies can often be 

Total 4,452 4,430 4,769 5,150 5,155 stated in miles. The important constit- 
eEaimand PPelminan TRaked «sent. minerals in granites are much the 

stimated. Preliminary. ‘ Revised. . . 

! Table includes data available through Apr. 18, 1990. same as those in pegmatites, although 
*In addition to the countries listed, Czechoslovakia, Madagascar and Namibia produce feldspar, but output is not officially reported | there are likely to be signif icant differ- 
and available general information is inadequate for the formulation of reliable estimates of output levels. : h ° : B 

3 Series excludes production of leucite and sodalite; data consist only of that material reported by Brazil under the heading of “Feldspar.” ences in the respective propor tions. c- 

Data represent the sum of (1) run-of-mine production for direct sale and (2) salable beneficiated product; total run-of-mine feldspar cause of economic and technologic 

production was as follows in thousand short tons: 1985—109; 1986—116; 1987—109; 1988—154; and 1989—150 (estimated). considerations, commercial utilization 

4 Reported figure. . . . 

*In addition, the following quantities of aplite concentrate were produced in thousand short tons: 1985—517; 1986—504 (revised); of granite in the United States as a 

1987—514 (revised); 1988—580; and 1989—625 (estimated). source of feldspar is not presently tak- 
© Revised to zero. in la ce 

7 Less than 1/2 unit. £p ° 

8 Revised to less than 1/2 unit. . 
° Excludes nepheline syenite. 

10 Includes pegmatite. Technology 

Most feldspathic rocks can be quar- 
ried by open pit procedures. High-grade, 
selectively mined feldspar from pegma- 
tites may be dry processed, passing con- 
secutively through jaw crushers, rolls, 

TABLE 11 and pebble mills before being subjected 

U.S. IMPORTS FOR CONSUMPTION OF NEPHELINE SYENITE to high-intensity magnetic or electro- 
static treatment to bring the iron content 

a down to an acceptable level. 
y Ede —__ Ground The customary procedure applied to 

war Quantity Value Quantity Value most massive deposits, such as alaskite, 
(short tons) (thousands) (short tons) (thoudsands) : . eae . 

osp tO ga gongs TT aso begins with drilling, blasting, and drop- 
M87 820 8049S S259 ball breaking at the quarry, followed by 

88 BBR 3806962 NT primary and secondary crushing and fine 
1989 = — 334,000 12,273 grinding in jaw crushers, cone crushers, 
‘Crude and ground combined. and rod mills, respectively. The sequence 
Source: Bureau of the Census. typically continues with acid-circuit flo- 

tation in three stages, each stage pre- 
ceded by desliming and conditioning. 
The first flotation step typically depends 
on an amine collector to float off and 
remove mica, and the second uses sul- 

TABLE 12 fonated oils to Separate ron pearing 
minerals, most notably garnet. The thir 

U.S. IMPORT DUTIES step, flotation with another amine col- 
Ss eCtor, leaves behind a residue that con- 

Tariff item No. Most favored nation (MFN) oe to90 Sists chiefly of quartz. Sometimes the 

aT I SS | dwthird «step is bypassed, leaving a 
Feldspar: feldspar-silica mixture, which can be 

Crude 2529.10 Free $ 0.50 per long ton. | used with little or no additional pro- 
Ground 2529.10 2.8% ad valorem. 30% ad valorem. cessing as furnace-feed ingredients in 

the manufacture of glass. 
The flotation-cake feldspar or feld- 

spar-silica mixture is dewatered in fil- 
ters or drain bins and dried in rotary 
driers for use as glass-grade feldspar. 
Some material is further ground in 

| pebble mills as pottery spar and for 

other uses. 
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Byproducts and Coproducts ; . OTHER SOURCES OF INFORMATION 
. Tezera, L. The Development Stages of Industrial ; 

Feldspar was obtained as a coprod- Minerals Projects of the People’s Democratic Republic ; . 
uct in 1989 from two companies mining | of Ethiopia. Paper from Second World Congress on Bureau of Mines Publications 

and processing lithium ores and one | Non-metallic Minerals, Beijing, China, Oct. 17-21, Feldspar. Ch. in Mineral Commodity 

company treating weathered pegmatite oc i" ee nN 0. Aydan, and Y. Kayt Mineral Summaries, annual. 
. . . J apkinoglu, N., O. Aydan, and Y. Kaytaz. Minera Feldspar. Mineral Industry Surveys : 

ore containing mica and kaolin. Co Processing of Pegmatites As Feldspar Ore. Paper from P 1 limi y YS, 

product recovery of mica and silica | second World Congress on Non-Metallic Minerals, Be- annual, pretminary. 
sand was reported by some feldspar | ijing, China, Oct. 17-21, 1989, pp. 669-674. Other Sources 
processors. > Taylor, G. H. Nepheline Syenite. Am. Ceramic Soc. Lesure, F. G. Feldspar. Ch. in United 

Bull: ¥- 68, No. 5, May 1989, p. 1037. . States Mineral Resources. U.S. Geol. 
Economic Factors Nielsen, K. Norway, Small in Size-Large in Non- Surv. Prof. Paper 820, 1973, pp. 

Feld is | | ld in bulk d metallic Minerals. Paper from Second World Congress 417-222 

eldspar 1S argely So in Ou an on Non-metallic Minerals, Beijing, China, Oct. 17-21, ~ . 

moved by rail hopper cars. Transporta- | 1989, pp. 453, 455-456. Roskill Information Services Ltd. 
tion can comprise 50% or more of the | — *Qiang, H., H. Shaoneng, and H. Jialing. China’s (London). The Economics of Feldspar 

total delivered cost. Some shipments | Nepheline Syenites and the Methods of Evaluation. 1987, 5th ed., 131 pp. | 
are by truck. Most fel dspar pro ducts Paper from Second World Congress on Non-metallic 

hi dl h 1.000 ,l A Minerals, Beijing, China, Oct. 17-21, 1989, pp. 76, 78. 

are § Ippe . ess t an ? Mes. . n © Rogers, C. P., Jr., and J. P. Neal. Feldspars. Ch. in 

exception 1S premium-grade high- Industrial Minerals and Rocks, rev. by K. H. Teague. 

potash feldspar. | ‘AIME, New York, Sth ed., 1983, p. 711. 
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By Clark R. Neuharth 

Mr. Neuharth, a physical scientist with 7 years Bureau of Mines experience, has been a commodity specialist since 1986 cover- 
ing silicon initially and ferroalloys currently. Domestic survey data were prepared by Jo-Ann Sterling and Elizabeth Voyatzis, 
mineral data assistants, and Mr. Neuharth; the international data tables were prepared by Peter Roetzel, international data 
assistant. 

verall domestic demand for | ferroalloys industry has been in a state of | tract also included a third and fourth year 
| ferroalloys and related metals | decline since its peak years in the | option in which an additional 264,791 short 
O declined approximately 5% | mid-1970’s owing to competition from low- | tons of manganese ore would be converted 

compared with that of 1988 | priced imports. Since that time, most of the | to high-carbon ferromanganese. Elkem also 
owing to decreased production of iron and | producers of chromium- and manganese- | was awarded a contract for the conversion 
steel. Free market prices for most fer- | containing alloys have quit producing those | of low-carbon ferrochromium to vacuum 
roalloys dropped throughout most of the | materials or gone out of business | melting-grade electrolytic chromium 
year, stabilizing somewhat at yearend. | altogether. metal. The conversion will yield 1,150 short 
World production was essentially tons of chromium metal at a cost of $7.2 
unchanged. Security of Supply million. 

$$$ The U.S. dependence on foreign sources | — 
LEGISLATION AND for most ferroalloy materials has risen TABLE 1} 
GOVERNMENT PROGRAMS | steadily over the past two decades. Net im- GOVERNMENT INVENTORY 

| «port reliance for chromium-, manganese-, OF FERROALLOYS, | 
and silicon-containing materials was DECEMBER 31, 1989 | 

The South Carolina Research Authori- | estimated to be 78%, 100%, and 23%, 
ty, a public corporation created by the | respectively, in 1989. Commercially, the (Thousand short tons of alloy) 
State’s government to promote high- | United States is 100% dependent on foreign | 
technology industries, received seed fun- | sources for chromium ore (chromite) and , Stock. Nom 
ding from the Defense Logistics Agency | manganese ore used to make ferroalloys | Allo je Stock- tal 

. . . y pile 0 
(DLA) to support a research project aim- | containing those elements; however, some grade pile 
ed at utilizing plasma arc smelting | of these ores and their respective alloys, grade 
technology in the production of fer- | along with materials containing columbium | Ferrochromium: 

rochromium. Macalloy Corp., Arthur D. | and tungsten, are held in the National High-carbon 640 1 641 
Little, Clemson University, and the | Defense Stockpile (NDS). Supplies of raw Low-carbon 300 19 319 
Massachusetts Institute of Technology, are | materials necessary to produce silicon- | Ferrochromium-silicon 57 1 «58 
principals in the project. In the first stage | containing ferroalloys and metal are readily | Foocoumbiumtst—<i~Ss—“—s—SsSsS 
of the project, Macalloy was to build a pilot | available domestically, but the capacity to | (contained columbium) 3 2 5 
scale (2,000-kilowatt) smelter that would | produce these materials has declined inre- | Ferromanganese: 222 (ai(‘(Cté*é*~*™”W 
produce about 1,000 pounds of fer- | cent years.  High-carbonSS~*«S*dD _ 19 
rochromium per hour at the company’s a 
plant in Charleston, SC. Site preparation | Stockpile Soca 

was near complete at yearn ace DLA renewed contracts for the | (contained tungsten) 4 6 l 
I ad b v April 1990, uled to be com- upgrading of ferroalloy materials in the | Silicomanganese 24 — 24 
pleted by Ap " NDS. Macalloy was awarded a contract to 

S| «Convert 126,053 short tons of chromite to 
STRATEGIC high-carbon ferrochromium in 1990 and an ~ ———__ 
CONSIDERATIONS additional 126,341 short tons in 1991 ata | JSSUES 
a s*|:s Cost of approximately $30 million per year. | ——————$________—__— 

The contract included an option to convert 
Ferroalloys are essential in the produc- | a total of 264,791 short tons in 1992 and The Office of the United States Trade 

tion of iron and steel, making their con- | 1993. Elkem Metals Co. was awarded a | Representative (USTR) denied the U.S. 
tinued availability a matter of strategic im- | contract to convert 132,861 short tons and | Ferroalloys Association’s 1988 request to 
portance. Silicon metal is consumed in the | 132,244 short tons of manganese ore to | end the duty-free status under the 
aluminum industry as an alloying agent and | high-carbon ferromanganese in 1990 and | Generalized System of Preferences (GSP) 
in the chemical industry as a raw material | 1991, respectively, at a total cost of approx- | for imports of silicon metal (99.00% to 
in silicon-based chemicals. The domestic | imately $82 million. The manganese con- | 99.99% purity) coming from Argentina and 
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Yugoslavia. The duty on this product would | ficials said the acquisition would broaden | of total sales) as a result of the deal. This 
be 5.3% ad valorem without GSP status. | its base as a supplier of titanium-bearing | was Globe’s first major acquisition since its 
Both of these countries were considered by | materials. Shieldalloy also concluded its | management buyout in 1987. In July, Globe 
the U.S. industry to be longtime producers | purchase of Affiliated Metals and Minerals | terminated its 34-year-old relationship with 

| of silicon metal; however, individually, they | Inc’s 20% interest in a joint-venture | Pickands Mather & Co., a subsidiary of 
did not meet the criterion for GSP removal, | vanadium project to be. situated in Pitts- | Cleveland-Cliffs Inc., and formed an inter- 
which is to account for more than 25% of | burgh, PA; Shieldalloy already owned the | nal sales force in what company officials 
total imports of a product. Imports of the | remaining 80% of the venture. The plant | said was an attempt to increase the quality 
99.00% - to 99.99 %-pure silicon metal from | was scheduled to be operational by | of service and technical support to its 
the two countries combined accounted for | mid-1990. The process would involve the | customers. In November, Cleveland-Cliffs 
about 30% of all silicon metal imports in- | conversion of vanadium-bearing residues to | announced that it was selling the metallur- 

| to the United States over the past few years. | an intermediate step for the eventual pro- | gical sales business it had acquired with the 
The USTR did reject GSP status for im- | duction of ferrovanadium. purchase of Pickands Mather in 1986. 
port of ferrosilicon in the 55% to 80% Strategic Minerals Corp. (Stratcor), American Alloys Inc. began producing 
silicon range (above and below 3% | Danbury, CT, completed expansion and | silicon metal during the third quarter at its. 
calcium) and ferrosilicon-manganese from | renovation of its Niagara Falls, NY, facility. | Graham, WV, facility (previously operated 
Brazil. The expansion included new furnace opera- | by Foote Mineral Co.). 

As part of the United States-Canadian | tions that were to increase the company’s In December, Boulder Gold NL 
Free Trade Agreement, duties on imports | worldwide output of nitrogen-bearing van- | (Australia) entered into an agreement with 
of all forms of ferromanganese, sili- | adium ferroalloy, trade-named Nitrovan. In | DCC Equities Ltd. (Canada), which in- 
comanganese, silicon-containing ferro- | the past, Stratcor had produced Nitrovan | cludes as its shareholders Dynamic Capital 
alloys, and ferrochromium silicon from | only in the Republic of South Africa. Corp., Placer Dome Inc., Corona Corp., 
Canada were lifted effective January 1, The Glenbrook Nickel operation, which | and the Canadian, Imperial Bank of Com- 
1989. For some other manganese materials | was previously owned and operated by the | merce, to finance a feasibility study of the 
and silicon metal of Canadian origin, | M.A. Hanna Co., started production in | planned Mountain View ferrochromium 
scheduled stages of reduction were | August at Riddle, OR. Universal Con- | project near Columbus, MT. Chrome 
established in which some duties would be | solidated Co. initiated the venture when | Corp. of America, Boulder Gold’s U.S.- 
reduced to zero by January 1, 1993, and | they bought the property from M.A. Hanna | owned subsidiary, would manage the 
others by January 1, 1998. in 1988. Universal Consolidated then sold | project during the feasibility stage. The 

the project to Cominco American | project, if determined feasible, would 
———____—________________—-———— } Resources (a wholly owned subsidiary of | utilize the Coal Ore Direct Iron Reduction 
PRODUCTION Cominco Resources International Ltd.) and | process for chromite developed by Krupp 
ose] USA Investments in April of 1989. In June, | Industrietechnik (Federal Republic of 

the operation was supplied power by the | Germany). Smelter feed for the operation 
Domestic production of ferroalloys and | Bonneville Power Administration after the | initially could come from an existing 

related metals overall decreased 2% com- | installation of a new transformer at the | 600,000-ton chromite stockpile at Colum- 
pared with that of 1988. Shipments overall | power substation. The plant began produc- | bus; however, continued operation would 
were unchanged from those of the previous | ing ferrosilicon, which is consumed in the | require reopening of the Mouat chromite 
year. Production of silicon-containing fer- | ferronickel process, and upgrading | mine, which is estimated to have a life of 
roalloys and silicon metal overall increas- | stockpiled nickel ore in July, and tapped the | about 20 years. 
ed 2% compared with that of 1988, but near | first ferronickel the following month. In The Ferroalloys Association reported that 
the end of the year, major producers were | November, USA Investments’ interest in | its member companies consumed approx- 
facing cutbacks because of oversupply, low | the project was sold to Cominco Resources | imately the same amount of electricity in 
prices, and much needed maintenance. | International. Although stockpiled ore (6 | 1989 as in 1988, 5.3 billion kilowatt hours. 
SKW Alloys Inc. Elkem, and Globe | million short tons containing 0.7% nickel) 
Metallurgical Inc. were among the silicon | that had accumulated over 30 years while | ———--—-—-_________ 
producers that announced significant | M.A. Hanna operated the smelter was be- | CONSUMPTION AND USES 
maintenance programs and/or production | ing used for feed initially, the company was_}_—-<#-—AAATaOa>4Ool>)_Tl_ 
cutbacks. Elkem was the only producer of | facing either reopening the Riddle Mine or 
ferromanganese and silicomanganese. | importing ore as a means of lowering The iron and steel industry consumes 
Flkem and Macalloy continued to produce | production costs. The company’s goal of | most of the ferroalloys produced; however, 
high-carbon ferrochromium. Macalloy’s | producing | million pounds of nickel con- | other alloy systems, although relatively 
ferrochromium smelter was shut down for | tained in ferronickel per month was not met | small in volume, represent substantial and 
a few weeks owing to erratic power sup- | in 1989, but was expected to be reached | growing markets with respect to value. 
plies following Hurricane Hugo. Ferro- | sometime in 1990. Some examples are (1) silicon for alloying 
nickel was produced domestically for the Globe Metallurgical Inc., Cleveland, | aluminum, principally the casting varieties; 
first time in 3 years as Glenbrook Nickel | OH, purchased Materials & Methods Ltd. | (2) nickel and cobalt-base alloys; and (3) 
Co. poured its first ingot on August 12. | (London) to broaden its European presence | titanium alloys. 

Shieldalloy Metallurgical Corp. purchas- | in the worldwide marketing of foundry pro- Overall domestic demand for ferroalloys 
ed Frankel Metal Co. (Detroit, MI), a | cesses and ferroalloys. Globe expected to | and related metals decreased about 5% 
titanium scrap processor. Shieldalloy of | double its current European revenue (5% | compared with that of 1988 owing to 
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TABLE 2 

U.S. FERROALLOY PRODUCTION’ AND SHIPMENTS’ 
(Short tons, gross weight, unless otherwise specified) 

1988 1989 

Net __Net shipments ee Stocks Net __Net stipments — Stocks 
roduction . ue Dec. 31 roduction . ue . 

P Quantity (thousands) p ctio Quantity (thousands) . nee: 2 

Ferrosilicon? 495,299 475,453 $298,822 77,504 523,879 481,973 $319,969 106,026 

Silicon metal 164,348 162,283 218,934 7,243 150,500 146,573 175,888 9,666 

Other+ _ 316,857 296,355 408 ,322 43,508 | 292,241 287,510 430,705 . 37,755 

Ferrophosphorus 66,381 50,963 9,583 "42,621 59,024 69,476 9,658 28,085 

Total 1,042,885 985,054 935,661 “170,876 1,025,644 985,532 941,888 181,532 

‘Does act include alloys produced for consumption in the making of other ferroalloys. 

2Gross sales (including exports) minus purchases. 

Includes all regular and specialty grades of ferrosilicon, excluding silvery pig iron. 

‘Includes ferroaluminum, ferroboron and other complex boron additive alloys, all chromium-containing ferroalloys and chromium metal, ferrocolumbium, all manganese-containing ferroalloys and manganese 

metal, ferromolybdenum, ferronickel, ferrotitanium, ferrovanadium, and silvery pig iron. 

decreased production of iron and steel. The | to $645. The yearly average, $620, was | taining chromium, manganese, and silicon. 
steel industry was very strong during the | nearly 25% higher than that of 1988. The | Exports of other ferroalloys decreased 5% 
first half of the year; however, overall pro- | price for imported charge chrome (fer- | and those of ferroalloy metals decreased 
duction of steel (i.e., raw steel production) | rochromium containing 50% to 55% | 44%. 
dropped significantly during the second | chromium) on January 1 was quoted at a Imports for consumption of ferroalloys 
half, ending the year down 2%. Produc- | range of 88 to 93 cents per pound of con- | and related metals overall were supplied by 
tion of stainless grades decreased 5%, | tained chromium and fell to a low range of | 44 countries and decreased 10% and 18%, 
lessening the demand for nickel- and | 52.0 to 55.5 cents by the end of the year. | respectively, compared with those of 1988. 
chromium-containing ferroalloys. Ship- | The yearly average was 75.7 cents per | Geographic sources and their respective 
ments of iron and steel castings from U.S. | pound, about 10% lower than that of 1988. | share of total U.S. imports of ferroalloys 
foundries decreased significantly. Com- | The silicon price swing was by far the most | and related metals overall were Africa, 
pared with that of 1988 demand decreases | drastic. The price of imported 75% fer- | 35%; Europe, 25%; the Western 
for both chromium- and silicon-containing | rosilicon was quoted at a range of 66 to 69 | Hemisphere, 22%; Asia, 9%; Oceania, 
materials were 5%; demand for | cents per pound of contained silicon on | 6%; and the Mideast, 3%. The Republic 
manganese-containing materials increased | January 1 and fell to a 2-year low range of | of South Africa continued to be the main 
slightly. 34.0 to 35.5 cents per pound in November | source of U.S. imports of those materials, 

before rebounding slightly at the end of the | accounting for 30% of the total. Of the im- 
. year. The average yearly price was 49 | ported chromium- and manganese- 

Functions of the Elements cents, 12% lower than that of 1988. Prices | containing alloys, the Republic of South 
Manganese is required in virtually all | for molybdenum-, nickel-, and vanadium- | Africa supplied 40% and 36% of the 

| steels and cast irons to counteract the harm- | containing ferroalloys also fell during 1988. | respective totals. The second leading sup- 

ful effects of sulfur. Manganese is also a pliers of those materials were Zimbabwe 
mild deoxidizer, but is supplemented | —————————-—————————— || (17%) for chromium and France (20%) for 
generally by stronger deoxidizers such as | FOREIGN TRADE manganese. Imports of ferrosilicon 
silicon and aluminum. Chroniun provides | —<YG})]YydYJ>4wjy}j)4j)j)})})"_~rlrw~r7rg7JdJWljH decreased 18% compared with those of 

corrosion resistance to stainless steels. 1988. The principal sources of ferrosilicon 

The trade deficit for ferroalloys and | imports were Brazil, 25%; the U.S.S.R., 
| related metals overall was $977 million, a | 19%; Venezuela, 15%; and Canada, 15%. 

PRICES 7% increase over that of 1988. A trade | Imports of silicon metal overall decreased 
| deficit of $26 million was recorded for | 23%. The principal sources of silicon metal 

related metals, compared with a surplus of | were Brazil, 36%; Canada, 18%; China, 

Prices for most ferroalloys and related | $52 million in 1988. 17%; and Argentina, 16%. 
materials fell throughout 1989, owing to Exports of ferroalloys and related metals 
decreased demand by consuming in- | overall increased 19% compared with that | qurigts 
dustries. The price for imported ferro- | of 1988; however, the associated value of 
manganese containing 78% manganese was | those materials decreased 35% compared Tariff schedules for ferroalloys and 
much more stable than that of most other | with that of the previous year. The rise in | related metals can be found in the respec- 
alloys and actually ended the year up $25 | exports overall was fueled primarily by a | tive individual commodity chapters of this 
per long ton of alloy at a range of $620 | 63% increase in the exports of alloys con- | yearbook. 
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TABLE 3 

PRODUCERS OF FERROALLOYS IN THE UNITED STATES IN 1989 

| Producer Plant location Products! . Type of furnace 

FERROALLOYS 
(Except ferrophosphorus) | 

Affiliated Metals and Minerals Inc. New Castle, PA FeMo, FeV Metallothermic. 

AMAX Inc., Climax Molybdenum Co. Div. Langeloth, PA FeMo Metallothermic. 

American Alloys, Inc. | | New Haven, WV FeSi, Si Electric. 

Applied Industrial Minerals Corp. Bridgeport, AL FeSi, other? Do. 

(AIMCOR) Kimball, TN do. | Do. 

Cabot Corp. — Revere, PA | FeCb Metallothermic. 

Cyprus Minerals Co. Sahuarita, AZ FeMo Do. 

Dow Corning Corp. Springfield, OR Si Electric. | 

Elkem A/S, Elkem Metals Co. Alloy, WV Cr, FeB, FeCr, Electric and electro- 
: Ashtabula, OH FeMn, FeSi, Mn, lytic. 

| Marietta, OH , Si, SiMn, 

Niagara Falls, NY other? 

Globe Metallurgical Inc. Beverly, OH FeCr, FeSi, Si Electric. 

Selma, AL 

Keokuk Ferro-Sil Inc. Keokuk, IA FeSi, silvery pig Do. 

iron 

Kerr-McGee Chemical Corp. Hamilton Mn | Electrolytic. 

(Aberdeen), MS 

Macalloy Corp. Charleston, SC FeCr Electric. 

Metallurg Inc., Shieldalloy | Cambridge, OH Cr, FeAl, FeB, Electric and metallo- 

Metallurgical Corp. Newfield, NJ FeCb, FeTi, FeV, thermic. 

other? 

Reading Alloys Inc. Robesonia, PA FeCb, FeV Metallothermic. 

Reynolds Metals Co. Sheffield, AL Si Electric. 

Satra Concentratres Steubenville, OH FeCr Slag conversion. 

Silicon Metaltech Inc. Wenatchee, WA FeSi, Si Electric. 

Simetco Montgomery, AL Si Do. 

SKW Alloys Inc. Calvert City, KY FeCr, FeCrSi Do. 

Niagara Falls, NY FeSi, Si Do. 

Strategic Minerals Corp. (STRATCOR), do. FeV, FeW Do. 

U.S. Vanadium Corp. 

Teledyne Inc., Teledyne Wah Chang, | Albany, OR FeCb Metallothermic. 
Albany Div. | 

Union Oil Co. of California, Molycorp Inc. Washington, PA FeB, FeMo Electric and 

metallothermic. 

Universal Consolidated Co., Nickel Riddle, OR FeNi, FeSi Electric. 

Mountain Resources. 

FERROPHOSPHORUS 

FMC Corp., Industrial Chemical Div. Pocatello, ID FeP Do. 

Monsanto Co., Monsanto Industrial Soda Springs, ID do. Do. 
Chemicals Co. 

Occidental Petroleum Corp. Columbia, TN do. Do. 

Rhone Poulenc Basic Chemical Co. Butte, MT do. Do. 

Stauffer Chemical Co., Industrial Mount Pleasant, TN do. | Do. 
Chemical Div. 

1Cr, chromium metal; FeAl, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; FeCrSi, ferrochromium-silicon; FeMn, ferromanganese; FeMo, ferromolybdenum; FeNi, fer- 

ronickel; FeP, ferrophosphorus; FeSi, ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; FeZr, ferrozirconium; Mn, manganese metal; Si, silicon metal; SiMn, silicomanganese. 

Includes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys. 
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TABLE 4 — | 

REPORTED U.S. CONSUMPTION OF FERROALLOYS AS , 

ADDITIVES IN 1989, BY END USE’ 
(Short tons of alloys unless otherwise specified) 

End use FeMn SiMn FeSi FeTi — FeP FeB | 

, Steel: | 

Carbon 329,699 71,684 257,907 (?) 7,271 414 

Stainless and heat-resisting 214,783 4,849 285 534 2,918 () 23 

Other alloy 278,128 223,075 265,950 164 1,451 238 

Tool . 2392 (°) 22,349 (°) | —_ — 

Unspecified 936 213 3,106 1,712 6 = 
Total steel* 423,938 99,821 214,846 4,794 8,728 675 

Cast irons 13,610 1,712 5205 ,559 W 2,175 W 

Superalloys | 5170 _ 5377 882 — WwW 

Alloys (excluding alloy steels 

and superalloys) 319,643 WwW 359,149 962 194 85 

Miscellaneous and unspecified 5,988 | 2,815 ' 144,949 52 — | _33 

Total 463,349 104,348 624,880 6,690 11,097 793 
Percent of 1988 94 88 100 112 92 77 

Consumer stocks, Dec. 31 79,172 610,393 21,700 718 1,469 215 . 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Miscellaneous and unspecified.”’ 

1FeMn, ferromanganese, including spiegeleisen and manganese metal; SiMn, silicomanganese; FeSi, ferrosilicon, including silicon metal, silvery pig iron, and inoculant alloys; FeTi, ferrotitanium; FeP, , 

ferrophosphorus; FeB ferroboron, including other boron materials. 

Part included with ‘‘Steel: Unspecified.’’ 

3Included with ‘‘Steel: Unspecified.’’ 

‘Data may not add to totals shown because of independent rounding. 

5Part included with ‘‘Miscellaneous and unspecified.”’ 

‘Includes some producer stocks. 

TABLE 5 

REPORTED U.S. CONSUMPTION OF FERROALLOYS AS ALLOYING 

ELEMENTS IN 1989, BY END USE’ 
(Short tons of contained elements unless otherwise specified) : 

End use FeCr FeMo FeW FeV FeCb FeNi 

Steel: 

Carbon 25,015 103 — 1,216 900 — 

Stainless and heat-resisting 180,637 245 69 106 443 10,488 

Other alloy 229,405 1,428 WwW 2,340 912 232 

Unspecified (4) (4) 4 (4) 32 — 

Total steel 217,802 1776 388 4,123 2,287 10,720 

Cast irons 24,672 851 Ww 20 — Ww 
Superalloys 9,747 61 WwW 42 397 WwW 

Alloys (excluding alloy steels 
and superalloys) 3,261 130 W 824 WwW WwW 

Miscellaneous and unspecified 739 283 99 106 364 483 

Total’ 236,221 3,102 487 5,117 3,047 11,203 
Percent of 1988. 88 99 92 96 88 87 

Consumer stocks, Dec. 31 14,099 257 49 615 NA NA 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Miscellaneous and unspecified.’’ 

NA Not available. 

1FeCr, ferrochromium, including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum, including calcium molybdate; FeW; ferrotungsten; FeV, ferrovanadium, including other vanadium- 

carbon-iron ferroalloys; FeCb, ferrocolumbium, including nickel columbium; FeNi, ferronickel. 

Part included with ‘‘Miscellaneous and unspecified.’’ 

3Included with ‘‘Steel: Unspecified.” 

“Included with ‘‘Miscellaneous and unspecified.’’ 

SData may not add to totals shown because of independent rounding. | 
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TABLE 6 Albania 

U.S. EXPORTS OF FERROALLOYS AND RELATED METALS IN 1989 Status of the new ferrochromium smelter, 
| | which was to be located at the Elbasan steel 

TO and metallurgical complex, was uncertain. 
Alloy weight Content Value Initial plans called for the facility to pro- 

(short tons) ‘Short tons) — (thousands) | duce 38,000 metric tons per year of HC 
Feroallove, material with startup scheduled for 1990; 

er however, in recent years, the country had 
_Ferrochromium with greater than 4% carbon 9,114 3,053 $5,262 encountered difficulties with chromite and 
__Ferrochromium with less than 4% carbon 2,625 1,556 2,988 | ferrochromium operations because of water 
_Ferrochromium-silicon 2,694 1,616 2,788 | and electrical power shortages.’ Albania 

Ferromanganese with greater than 2% carbon 1,746 1,378 1,424 and Gesellschaft fur Electrometallurgy 

. _Ferromanganese, other 7,270 5,392 5,886 | (GfE) of the Federal Republic of Germany 
Silicomanganese 5,859 3,807 4,068 | entered into a marketing agreement in 

Ferromolybdenum 83 50 615 | which GfE would provide technical advice 
Ferronickel 387 232 949 to Albania in setting up new fer- 
Ferrophosphorus i ittsti—(‘i‘<—~isitsts~™S 24,898 (1) 3,511 rochromium smelting facilities in exchange : 

Ferrosilicon (greater than 55% silicon) 23,297 14,738 18,262 | for the right to market a predetermined 
Ferrosilicon, other 30,760 15,380 22,580 voter °. A panian serrochr omium ae 
Ferrovanadium 544 283 5,299 Je epUie Ob Mermnany annuan'y: 

| Ferrozirconium 512 ) 530 Australia 

Ferroalloys, n.e.c. 6,642 (4) 9,068 . . 

Total ferroalloys? —=~=~S*~*~<CS~S*S*S~S«wY DG XxX” “93,230 | _ Late in the year, Barrack Mines Ltd.. 
aa — == ———__| started operation of its newly commission- 

Metals ed silicon metal production facility in 
Chromium 216 @) 4,097 | Western Australia. The plant, utilizing two 
Manganese 5,665 ©) 10,632 | 18-megawatt electric furnaces, had a plann- 
Silicon : ed capacity of 24,000 metric tons per year, 

(less than 99% silicon) 3,249 (4) 6,539 | but it was expected that production could 

| 99.00% to 99.99% silicon) 1,305 () 2,269 | reach 30,000 metric tons per year once both 
(greater than 99.99% silicon) 1,007 a“ 75,266 furmaces were ey operationa’ Barrack 

Ty feraallag umalag Wan yx “Or R07 ad secured contracts to export material to Total ferroalloy metals 11,442 XX | 98,802 Asia, Europe, and North i oneriea? 

Grand total? 123,871 XX 182,033 

XX Not applicable. Brazil 

INot recorded. 

2Data may not add to totals shown because of independent rounding. Overall ferroalloy production increased 

Source: Bureau of the Census. 6%, compared with that of 1988 to a new 
| | | record high of slightly more than 1 million 

metric tons, despite significant increases, 
12% to 18%, in electric power rates, ac- 

—_ | containing chromium, manganese, and | cording to Anuario da Industria Brasileira 
WORLD REVIEW silicon, as well as silicon metal as of | de Ferroligas (ABRAFE). The most signi- 
OE December 31, 1989. Rated capacity is defin- | ficant production increases were those of 

The Chromium Association and the | ed as the maximum quantity of product that | ferrosilicon and silicon metal, 7% and 
Chromium Centre announced the merger | can be produced in a period of time on a | 47%, respectively. Total production of 

of their organizations into a single unit, the | normally sustainable long-term operating | silicon-containing materials was 436,793 
International Chromium Development | rate, based on the. physical equipment of | metric tons. The production of manganese- 

Association, effective January 1, 1990. The | the plant, and given acceptable routine | containing ferroalloys also increased by 4% 
new group was charged with promoting the | operating procedures involving labor, | to 388,930 metric tons. Of the ferroalloy 

use of chromium in both traditional and | energy, materials, and maintenance. | production overall, nearly one-half was 
new markets. The Manganese Centre, | Capacity includes both operating plants and | exported. 
which was formed in 1975 to promote the | plants temporarily closed that, in the judg- The largest production increase, that of 

| use of manganese and its alloys, changed | ment of the author, can be brought into pro- | silicon metal, was attributed to five new 
its name to the International Manganese In- | duction within a short period of time with | furnaces; two were started in late 1988 by 
stitute. The organization’s address will re- | minimum capital expenditure. Because not | Camargo Correa Metais S/A, two by Rima 

main 17 ave. Hoche, 75008 Paris, France. | all countries or producers make production | Electrometalurgia S/A in 1989, and one by 

capacity information available, historical | Cia. Ferroligas Minas Gerais in 1989. 

Capacity production and trade data have been used After several years of rapid expansion, 
The data in table 8 are rated capacities | to estimate production capacity in some | many of Brazil’s ferrosilicon and silicon 

for major countries that produce ferroalloys | cases. producers canceled or postponed plans for 
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TABLE 7 TABLE 8 

U.S. IMPORTS FOR CONSUMPTION OF FERROALLOYS AND WORLD PRODUCTION CAPACITY |; 

RELATED METALS IN 1989 FOR BULK FERROALLOYS,! | 
DECEMBER 31, 1989 

Alloy Gross | Content Value (Thousand short tons, gross weight) 

short tons) (thousands) | ————__________ll"9"[/[/_____ 
OE toms) Country Capacity 

Chromium alloys: Albania 50 
_Ferrochromium containing 4% or more carbon 303,852 176,380 $243,800 | “argentina 144 

pat ereater than 3% ce aS (nan 4% 34,064 22,172 35,853 | Australia 0 260 
~ Ferrochromium containing 3% or less carbon 40,984 27,858 50,769 | Belgium NS | 
“Ferrochromiumsilicon ——=ss—s—=~—<CS~sé‘“—*~*é*é*~*~*SiSAB:SCi«C*«*S = 4565 | Breil 

“Total chromium alloys’ ——~=~“‘“‘“<*~*~*<*;‘;*‘=«ik BIB HOMS©= 334,99 | Bulgaria 8S 
TT ——— — | | Canada 295 

Manganese alloys: Chile @) 
Ferromanganese containing 4% or more carbon 391,513 300,980 170,816 Chima 1.950 

Ferromanganese containing less than 4% a re 
but greater than 2% carbon BB 58 29 | Colombia 710 

Ferromanganese containing less than 2% : Czechoslovakia 7138 
but greater than 1% carbon 67,303 54,441 53,307 Egypt 15 

Ferromanganese containing 1% or less carbon 17,175 15,004 22,388 | Finland 176 

Silicomanganese 255,390 166,484 151,241 | France ti(‘ ‘ié‘ ;i‘Cé;S;COC~™ 718 
Spiegeleisen 276 (7) 154 | German Democratic Republic 2102 

Total manganese alloys! | 731,730 XX 397,936 | Germany, Federal Republic of 335 

Silicon alloys (ferrosilicon): Greece . 33 

Less than 55% silicon, containing more _ | Hungary ) 
__than 2% magnesium 7,333 3,082 9,970 | Iceland 72 
_Less than 55% silicon, nec. 55,891 25,704 21,166 | india 545 
__55% to 80% silicon, containing more than 3% calcium 22,510 13,929 28,007 | Italy 358 
_ 55% to 80% silicon, nec, 107,341 80,557 72,912 Japan 1,551 

_ 80% to 90% silicon 2s 1 35 | Korea, North 285 
_Greater than 90% silicon __ 2,996 __ 2,766 ___ 2,941 Korea, Republic of | 96 

___Total silicon alloyst __196,096 126,059 __131,631 Mexico 319 

Other ferroalloys: Norway 1,400 

Ferrocerium and other cerium alloys 267 (7) 1,688 | Pery (3) 

Ferromolybdenum 1,554 851 9,062 Philippines 152 

Ferronickel 37,356 12,650 117,630 | Poland 2935 

Ferroniobium (columbium) 4,089 (2) 28,657 | portugal tt ttti<its~™S 100 
Ferrophosphorus 156 (7) 413 | Romania 2195 

Ferrotitanium and ferrosilicon-titanium 2,213 (2) 11,115 South Africa, Republic of =” 2,251 | 

Ferrotungsten and ferrosilicon-tungsten 609 396 1,987 | Spain 429 

Ferrovanadium 712 536 13,493 | Sweden 407 

Ferrozirconium 489 (?) 596 | Switzerland 8 © (3) 

Ferroalloys, n.e.c. 2,302 (7) 7,583 | Taiwan 108 

Total other ferroalloys' 49,747 (2) 192,223 Turkey ©. 136 

Total ferroalloys! 1,363,971 XX 1,056,782 | U.S.S.R. 3,819 

Related metals: a a |: United Kingdom 7 

“Chomum 4,630 @) 27,590 | United States 1,504 
Manganese 12,174 (2) 16,497 | Uruguay (*) 
‘Silicon, greater than 99% silicon 9,775 9,560 8,798 | Venezuela 107 
Silicon, 99.00 to 99.99% silicon 36,874 36,553 36,438 | Yugoslavia 407 
Silicon, greater than 99.99% silicon 965 (2) 35,152 | Zimbabwe 285 

Total metals’ 64,419 | XX  —_—‘124,474 | Other‘ __ 395 
Grand total! 1,428,390 XX “1,181,256 Total 20,600 

XX Notapliabl sonsists a ferroalloys of chromium, manganese, and silicon and 

ey ot add to totals shown because of independent rounding. 2Excludes silicon materials, which are included with ‘“Other.”’ 
3Included with ‘‘Other.”’ 

Source: Bureau of the Census. ‘Includes silicon-containing ferroalloys and silicon metal. 
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further growth as world silicon prices drop- | would nearly double the country’s fer- | Macalloy Corp. (United States), consists of 
ped to preboom levels, and that country | rochromium production capacity over the | two furnaces with a total capacity of 
was struck with power shortages and in- | next several years.!° Ferrosilicon producer | 100,000 metric tons per year in Mo I Rana, 

_ | creased power rates. One company, Cia. di | Nav Bharat Ferro Alloys announced plans | Norway Only one of the furnaces had been 
Ferro Ligas da Bahia, also considered | to increase ferrosilicon production capacity | operated at yearend, but company officials 
switching ferrosilicon capacity to that of | from 30,000 metric tons per year to 40,000 | said the other could be started with very 
silicomanganese. However, one ferrosilicon | metric tons per year with the addition of | short notice. Macalloy will be responsible 
expansion project that had not been delayed | a new furnace. The company also planned | for North American marketing, while 
at yearend was Eletrovale SA Industria e | to build a new plant and install two | FESIL will control sales for the rest of the 
Comercio, a Brazilian-Japanese joint ven- | 16.5-MV-A furnaces to produce 40,000 | world. Another ferroalloy joint venture 
ture that began construction of a | metric tons per year of silicomanganese.!! | between Norsk Jern and FESIL was started 
31-megavolt-ampere (MV-A) furnace at the at Mo I Rana. This project involved the con- 

Nova Era Works, Minas Gerais State. The | Indonesia version of two electric furnaces to produce 
expansion was expected to double the out- . ; 70,000 metric tons per year of ferrosilicon. 
put of 75% ferrosilicon from 24,000 to Isp vee ar und) P lanes to pu Late in the year, Elkem announced that 
50,000 metric tons per year be on uik lerroalloy production tacility to it would cut ferrosilicon production 8% to 

Cia. Ferroligas do Amapé continued | ¢ °Perated as PT Ispat Alloys. Construc- 10% worldwide in 1990. During the period TONS pa tion was expected to begin in 1990, and © WOreWwICe IN l77e uring the perio 
| construction of a 20,000 metric-ton-per- : ° of reduced production, some extensive 

. overall planned capacity was to be approx- 
year ferrochromium smelter at Porto de ‘matelv 50.000 metric tons per vear overhauls and maintenance would take 
Santana, with completion scheduled for y per year. place in Norway and North America. 
19908 Ital FESIL also planned cutbacks in produc- 

y tion. The cuts were considered by industry 
Finland Italcromo planned to build a | representatives as “timely,” in that prices 

100,000-metric-ton-per-year high-carbon | were not favorable and demand had soften- 
Chromium producer Outokumpu Oy | ferrochromium plant at the site of aclosed | ed, helping to bring balance to the market. 

continued the expansion of its chromium | gee] mill in Termoli. The company, a | Elkem and Tinfos Jernverk A/S were 
operations. Expansion of its concentrator | member of the Schlax group, received ap- | granted an extension of their Government’s 
facility and construction of a new sinter- | proval for initial financing through GEPI, | approval to continue importing manganese 
ing plant were complete by yearend. Future | 4 state-owned financing company.” ore from the Republic of South Africa un- 
plans included an increase in annual fer- til 1991, as the country’s two manganese 
eae soOut. SOE oe ee Japan ferroalloy producers were unable to secure 

19907 | Steelmaker NKK Corp. divested its in- other sources of manganese ore." 
terest in ferrosilicon producer Yakushima . 

France wee e eK The sale was based on a | Philippines 
ecision by NKK to rely on imports from 

Chromeurope S.A., a subsidiary of Fer- | Brazilian ferroalloy producer Ferro Ligas | .. Integrated Chrome Corp. started produc- 
roaleaciones Espanolas S.A. of Spain, | Assofon SA, of which NKK held a 27% tion of ferrochromium with its newly con- 

started its second high-carbon ferro- | portion of ownership. Yakushima Denko verted 20-MV°A furnace. The furnace, 
chromium furnace, a 16-MV-A unit. The | said it would continue production at the which cou P oe uce 30,000 mech had 
company began production at its new | same level and sell to other outside pee eat seTrOCATOMMGs Previous’y ia 
Dunkirk facility with a 12-MV-A unit in | customers. een used to produce silicon by Electro 

1988. The combined planned output of the Alloys Corp. Integrated Chrome is a joint 
two furnaces was to be 36,000 metric tons | Norway venture, between Nippon Denko Co. Lid., 
per year® . a Japanese ferrochromium producer, and 

BHP-Utah Minerals International, a sub- | Kaschrome, a Philippine chromium ore 
India sidiary of Broken Hill Pty. Co. Ltd. (BHP, | producer.!5 

Australia) and Elkem A/S, announced Ferro Chemicals Inc. completed the con- 
Major developments were occurring in | plans to form a 50-50 joint venture involv- | version of one of its ferrochromium fur- 

the ferroalloy industry. New ferro- | ing the Bell Bay ferroalloy smelter of | naces to silicomanganese production. As 
chromium and ferrosilicon smelters and | Tasmanian Electro Metallurgical Co. Pty. | a result of the conversion, Ferro Chemicals’ 
electrical-power generating plants were | Ltd. in Tasmania and the Beauharnois, | ferrochromium production was expected to 
being planned, constructed, and put into | Quebec, plant of Elkem Metals Canada Inc. | decrease by 50%.!° 
operation. Potential for significantly in- | Details of the agreement were expected to Maria Cristina Chemicals Industries 
creased ferrochromium production capaci- | be worked out sometime in 1990. The two | (MCCI), along with Korean interests, 
ty existed as the Government issued letters | companies have been doing business in- | Sangyong Co. Ltd., Pohang Iron and Steel 
of intent (i.e., license agreements) to 11 | volving Elkem technology and BHP raw | Co. (Posco), and Dongil Chungong Co. 
domestic companies to produce at least | materials since the mid-1970’s. Ltd., planned the construction of a 
15,000 metric tons per year of ferro- Norway’s first ferrochromium project | 13,000-metric ton per year ferrosilicon pro- 
chromium each? This amount of expan- | started production in September. Norsk | duction facility. MCCI would have a 60% 
sion, along with a number of smaller new | Ferrokrom, a joint venture involving Norsk | interest in the venture, which was schedul- 
operations that would not require licensing, | Jern Holding, the FESIL group, and | ed for startup in 1990.!7 
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Portugal raise total production capacity to 150,000 | vanadium, and the rareearths as ferroalloys 

ner? shout ferroall i metric tons per year? relates either eirectly or indirectly to the 

After 2 years without ferroalloy produc- production of iron and steel. Demand 
tion, the Brazilian Italmagnesio group | Venezuela forecasts for steel and the major ferroalloy 

Pa Geomnn vanes eet se ir The State development body, Corporacion vnedity cha © he in the individual com- 

ganese capacity through its new subsidiary Venezolana de Guayana (CVG), was involy- | “_ 
Novos Fornas de Beira Alta Lda. (Forbel). ed with a number of joint-venture ferroalloy oo 
The plan involved eight electric furnaces, | PPOICCts. These projects were being | BACKGROUND 
previously owned by Cia Portuguesa de developed primarily to take advantage OF 

‘Fornos Eletricos S.A.R.L., with combin- Venezuela's abundant electricity available : ae woe 
ed capacity of 30,000 metric tons per year from CVG’s Guri Dam near Puerto Ordaz. Ferroalloys impart distinctive qualities to 

75% ferrosilicon, 20,000 metric tons per Joint ventures included Rima Elec- steel and cast iron and serve important 

year manganese alloys, and 24,000 metric trometallurgical SA (Brazil), Italmagnesio | functions during iron and steel production | 
tons per year calcium carbide. Italmag- (Brazil), C.V.G. Ferrosilicio de Venezuela | cycles. The principal ferroalloys are those 

. / : ; CA, Central de Ferroaleacines de Venezuela | of chromium, manganese, and silicon. 
nesio, which had previously experienced CA. and V lan PT In Allov24 | Mai “al to th ducti 
antidumping problems in the European , and Venezuelan vestment Alloy: anganese is essential to the production 
Community, hoped the new subsidiary of virtually all steels and is also important 
would give the company a better sales posi- Zimbabwe to the production of cast iron. Manganese 

tion in the European market;!* however, Zimbabwe Mining and Smelting Com- is used to neutralize the harmful effect of 
only one of the furnaces had been started | pany (ZIMASCO) completed construction sulfur and as an alloying element. Silicon 
at yearend and was reported to be produc- | of its 3-MV-A remelting furnace for fer- is used primarily for deoxidation in steel 
ing either 75% ferrosilicon or inoculants.!® | rochromium fines generated from its and as an alloying element in cast iron. 

crushing operations. ZIMASCO planned to Boron, chromium, cobalt, columbium, 

South Africa. Republic of process 15,000 metric tons per year with coppel, molybdenum, nee! phosphorus, 

ep the new furnace, increasing its total fer- at he see thc are amon ge the other 
_ | rochromium capacity to 190,000 metric oe 

ie Several fervochromum ro ochnoloey' tons per year?5 crements contributing to the character of 

e various alloy steels and cast irons. Most 

startup of a 30-MV-A furnace; construc- | _______________momo | ofthese elements are normally added to the 

tion of a 32.5-MV°A furnace at CMI's | OUTLOOK molten metal as a ferroalloy. This chapter 
facility in the Transvaal province;?! | __..________tmtmtmtm__________ | considers the ferroalloy industry as a whole 

16-MV-A to 40-MV-A transformer capaci- and its role as a supplier of ferroalloys to 
ty expansion on a direct current transfer- | Production | the iron and steel industries. 

red a ee ty Lid, a ventially inten In recent years, a shift of production . 

. ? from major ferroalloy consuming countries | Definitions, Grades, and Specifications 

ing output from 20,000 metric tons per yea’ | to countries that possess significant ore Ferroallov is defined by the American 

to 50,000 metric tons per year; and Purity | reserves and low-cost electric power has Society for M etals and the Bur eau of Mines 

MO OOD neie tone nor year fer, | occurted. For example, a number of expan- | a. “an alloy of iron that contains a suffi- . 
120,000-metric tons per year fer- sions and new operations have been under- cient amount of one or more other 

rochromium smeitet near Rustenburg, way in chromite producing countries (¢.g., chemical elements to be useful as an agent 

raya rovinc eee Pemrochrome Finland, the Philippines, the Republic of for introducing these elements into molten 
(Pty.) Ltd., a subsidiary of Samancor, South Africa, Turkey and Zimbabwe). metal. usuall ° eel > However. in practice 

NETO eee aa camal ot ee *__| Some of the projects came on-line in 1989, the term 1S used loosel to include master 
The new furnace had an annual production increasing world ferrochromium capacity | atiovs containing little 2 emploved to in- 

ne or ore ae sncity fre en by more than 10%. Further ferrochromium troduce reactive elements to haickel- and 
Tubatse $ production cap acity from 180,000 capacity expansion, another 10% to 15%, cobalt-base aluminum and titanium-base 

metric tons to 240,000 metric tons. Tubatse is expected over the next several years. It and other alloy systems , 

also started construction on a fifth furnace, is expected that this trend will continue in Th Ik f y aT " oduced i 
which was to be completed in 199022 the future, not only for chromium- ‘he nv ome ee are pe we ; in a 

containing ferroalloys, but for those of ee, al ©) silico eel 3) or ny OO car 

furkey manganese and silicon as well, as more | level. Thus ferromanganese is classified 

Etibank General Management started a traditional producers of ferr oalloys (1.€. > | into three carbon ranges (high, medium, 
third high-carbon ferrochromium furnace countries with well-established steel in | anq tow carbon), but further subclassifica- 
at its Elazig plant and was scheduling start- dustries such as the United States and | tions exist in the high- and low-carbon 

up of a fourth sometime in early 1990. The Jap an) continue to decrease ferroalloy pro- categories. Generally, ferrosilicon is classi- 

existing electric furnaces at the Elazig duction capacity. fied by broad silicon ranges, but it is fur- 

facility, two 17- MV-A units, were capable . ther classified by aluminum and calcium 

of orouucine 50,000 metric tons per year; Trends in Usage contents. Altogether, there are scores of 

the addition of the third and fourth fur- In most cases, consumption of chromium, | different specifications applying to the fer- 

naces, 30 MV-A each, was expected to | columbium, manganese, nickel, silicon, | roalloys or “addition agents” used in the 
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TABLE 9 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

| FURNACE TYPE, AND ALLOY TYPE’ 
(Thousand short tons) 

Country, furnace type, and alloy type? 1985 1986 1987 1988 1989° 

Albania: Electric furnace, ferrochromium® 47 51 51 51 52 

Argentina: Electric furnace: . 

Ferromanganese | 26 22 . 24 22 428 

Silicomanganese | 8 14 13 13 419 

Ferrosilicon 21 25 26 34 _ 431 

Other 5 6 7 7 48 

a 3s 6 
Australia: Electric furnace:* a oe a a 

Ferromanganese 78 67 56 64 66 

Silicomanganese 28 25 47 49 50 

Ferrosilicon | 21 21 20 “20 22 

Austria: Electric furnace, undistributed 4B 4B  B 4B 43 

Belgium: Electric furnace, ferromanganese” | 99 96 99 105 105 

Brazil: Electric furnace: . 

Ferromanganese 149 181 171 199. 4199 

Silicomanganese | 199 196 207 213 4230 

Ferrosilicon 200 240 255 295 4316 

Silicon metal 32 41 44 87 4129 

Ferrochromium 140 121 116 143 4125 

Ferrochromium-silicon . 10 10 9 10 410 

Ferronickel 37 38 39 37 439 

Other 68 68 67 87 490 

Bulgaria: Electric furnace: oe a oe oe 

Ferromanganese® 7 33 35 34 34 34 

Ferrosilicon® "11 17 "11 18 18 

Other® 1 1 1 1 1 

Teal SSCS “3s = 3 
Canada: Electric furnace: oO a a oo oe 

Ferromanganese’ 130 139 141 143 143 

Ferrosilicon 93 97 99 99 99 

Silicon metal 28 29 33 33 33 

Chile: Electric furnace: a oe a a a 

Ferromanganese 7 7 7 7 7 

Silicomanganese 1 2 1 1 1 

Ferrosilicon 5 4 5 6 6 

Other 1 2 2 4 3 

CC = a 
China: Furnace type unspecified:° ° a a a a a 

Ferromanganese’ "610 ‘690 "740 "740 740 

Ferrosilicon "415 “500 “660 “850 850 

Silicon metal ‘28 "55 "80 "110 110 

Ferrochromium? "135 "165 "190 "190 190 

Other 80 ‘110 "165 "165 165 

Total® "1,268 "1,520 1,835 72,055 2,055 
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TABLE 9—Continued ° 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

FURNACE TYPE, AND ALLOY TYPE’ 
(Thousand short tons) : 

Country, furnace type,” and alloy type? 1985 | 1986 1987 1988? 1989° | 

Colombia: Electric furnace:° 

Ferrosilicon (2°) (2°) (2°) (29) — 

Ferronickel 33 __ 51 357 4146 47 
Total 33 __ 51 __'57 __ 4/46 . 4Thel 

Czechoslovakia: Electric furnace: oo oo 

Ferromanganese® 7 103 101 101 101 101 

Ferrosilicon® 33 33 — 33 : 33 33 

Silicon metal® 5 6 6 6 6 

Ferrochromium® 28 28 28 28 28 
Other® !! 10 9 "10 "11 | 9 

a “in i 
Dominican Republic: Electric furnace, ferronickel 7 62 90 gt 86 

Egypt: Electric furnace, ferrosilicon “8 8 8 9 9 

Finland: Electric furnace, ferrochromium 147 147 158 172 176 

France: | | 

Blast furnace: 

Ferromanganese 367 *301 323 353 353 

Electric furnace: | | 

Ferromanganese — 24 26 20 20 

Silicomanganese!? 26 "30 34 65 65 

Ferrosilicon ~  QN7 216 “216 “216 220 
Silicon metal® 77 77 77 77 77 

Ferrochromium’® ° . 4] 1 1 20 20 

Other!3 107 85 °85 “85 85 

German Democratic Republic: Electric furnace: a a oo oo 

- Ferromanganese® 7 69 75 75 76 75 

Ferrosilicon® 25 29 29 29 29 

Silicon metal® 4 4 4 4 4 

Ferrochromium® | 21 24 24 25 24 

Other® 1 17 17 17 18 17 

tals ~ is 10 
Germany, Federal Republic of: a . a 

Blast furnace: 

Ferromanganese” 179 206 "172 "230 237 

Ferrosilicon® 47 76 "44 72 72 

Electric furnace: 

Ferromanganese® 7 28 39 "28 *39 42 

Ferrosilicon® 44 55 44 "55 55 

Ferrochromium® 55 66 "55 “66 66 

Other® !! 62 67 "63 68 68 

a ~ 30 0 
Greece: Electric furnace: a — a 

Ferrochromium "38 42 46 49 50 

Ferronickel* __'59 ‘38 ‘34 48 59 
Total® 6 97 ~ *g9 780 97 109 
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| TABLE 9—Continued | 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

FURNACE TYPE, AND ALLOY TYPE’ 
(Thousand short tons) 

Country, furnace type,” and alloy type? 1985 1986 1987 1988? 1989° 

Hungary: Electric furnace:“ 

Ferrosilicon 10 10 10 il 10 

Silicon metal 2 2 2 2 2 

Other 2 2 2 1 1 

—toa—Ci 4 a = 
Iceland: Electric furnace, ferrosilicon 67 74 77 77 479 

India: Electric furnace: 

Ferromanganese 180 197 191 152 154 

Silicomanganese” 1 1 44] 450 52 

Ferrosilicon 44 55 58 46 50 

Silicon metal® 3 3 42 2 2 

Ferrochromium 73 93 139 136 138 

Ferrochromium-silicon 14 “11 14 3 3 

Other® 1 1 4] 1 1 

Indonesia: Electric furnace, ferronickel 26 25 9 30 29 

Italy: Electric furnace: 

Ferromanganese 19 13 "17 re17 18 

Silicomanganese 71 73 ©9792 °7 73 

Ferrosilicon 83 69 r 69 6g 69 
Silicon metal | 20 21 "1 * 20 21 
Ferrochromium 64 | 62 * 62 "61 62 

Other!* 17 __ 15 * 16 * $16 17 

Total® "274 _'253 * "256 7253 _259 

Japan: Electric furnace: a oe a — 

Ferromanganese 487 396 366 417 4434 . 

Silicomanganese 239 164 101 118 4135 

Ferrosilicon 166 118 81 81 483 

Ferrochromium? 375 309 291 326 4358 

Ferronickel 250 221 224 267 4304 

Other!5 14 11 9 11 412 

Korea, North: Furnace type unspecified:° ° a a oo 

Ferromanganese’ 77 77 77 77 77 

Ferrosilicon 33 33 33 33 33 

~ Other"! 22 22 22 22 22 

Korea, Republic of: Electric furnace: a a oo a 

Ferromanganese 68 59 64 84 494 

Ferrosilicon 38 34 14 10 45 

Other 60 73 100 99 4112 

Cc 93 “an 
Mexico: Electric furnace: oO a a a 

Ferromanganese 169 172 178 182 4185 

Silicomanganese 43 67 88 88 4109 

Ferrosilicon 30 19 20 18 410 

Ferrochromium 7 3 7 10 43 

Other 3 2 1 1 (4 16) 

Total’ 253 263 294 300 ~ 4308 
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| TABLE 9—Continued | | | 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

FURNACE TYPE, AND ALLOY TYPE’ 
(Thousand short tons) 

Country, furnace type,? and alloy type? 1985 1986 1987 1988? 1989° 
New Caledonia: Electric furnace, ferronickel® 155 144 127 4161 155 
Norway: Electric furnace: 

Ferromanganese 237 226 212 398 4243 
Silicomanganese 267 271 262 256 4298 
Ferrosilicon 425 389 371 420 4440 
Silicon metal® 112 110 110 110 110 
Other® 13 3 3 3 | 3 3 

Peru: Electric furnace: oO a oe Oe 
Ferromanganese (19) (35) 2 1 1 
Ferrosilicon (1°) (16) (26) . 1 1 

“teas OCD “4 3 — — 
Phillippines: Electric furnace: oo oe oe — 
Ferrosilicon® 22 22 — 10 10 
Ferrochromium® 456 61 63 84 77 

Tea? SC«i —s 3 = —# 
. | Poland: a oO 

Blast furnace: | 

Spiegeleisen® : 43 3 , 4 4 4 
Ferromanganese 88 94 “94 “94 94 

Electric furnace:° 

Ferromanganese’ 34 54 54 33 33 
Ferrosilicon 57 56 55 55 . 55 

Silicon metal 12 12 11 11 11 

Ferrochromium 54 54 53 50 50 

Other!! 18 18 18 18 18 

Portugal: Electric furnace: a oo 

Ferromanganese® '7 46 22 (19) "I 1 
Silicomanganese® !7 28 11 (2°) (19) — 

Ferrosilicon® 10 6 (19) (19) — . 
Silicon metal® 12 8 (2°) (10) _— 
Other (16) (36) (19) (10) —_ 

tea’ ~ 4 =e 4 a 
Romania: Electric furnace:° oo oo 

Ferromanganese 88 90 89 88 88 
Silicomanganese 43 44 43 44 44 
Ferrosilicon 55 56 55 55 55 

Silicon metal 5 5 3 5 5 

Ferrochromium 49 49 46 46 ___ 46 

“Teale = a9 a8 338 
South Africa, Republic of: Furnace type unspecified:® oe 

Ferromanganese 365 372 347 493 386 
Silicomanganese 287 334 346 325 309 : 
Ferrosilicon 83 92 91 “93 88 
Silicon metal 39 39 37 “37 39 
Ferrochromium 939 959 1,048 “1,100 1,160 

Ferrochromium-silicon 6 6 30 “23 22 
Other® 18 ('6) 1 1 1 1 

Total® 6 1,720 “1,802 "1,900 2,075 2,005 
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TABLE 9—Continued 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

| FURNACE TYPE, AND ALLOY TYPE" 
(Thousand short tons) 

I 

Country, furnace type,? and alloy type? 1985 1986 1987 1988? | 1989° 

Spain: Electric furnace:“ | : | 

Ferromanganese 95 95 99 99 99 

Silicomanganese 71 77 77 71 77 

Ferrosilicon 67 67 66 66 | 66 

Silicon metal 68 68 77 77 : 77 

Ferrochromium 19 19 22 22 22 

Other 4 __ 4 6 6 6 

Total® !! 4331 _ 331 347 __347 __347 

Sweden: Electric furnace: — oo a | a a 

Ferrosilicon 31 22 22 22 21 

Silicon metal® 22 22 22 422 — 

Ferrochromium 149 _ 139 123 “125 127 

Ferrochromium-silicon 29 19 (10) (1°) — 

Other (15) (19) 0%) (10) | _— 

Total?! | 232 T9990 167 e169 148 

Switzerland: Electric furnace:° a oo a 

Ferrosilicon 3 3 3 3 3 

Silicon metal 2 2 2 2 2 

a —s ss 
Taiwan: Electric furnace: oo a a oO a 

Ferromanganese 20 22 19 28 434 

Silicomanganese 25 23 21 34 429 

Ferrosilicon 19 15 4 22 421 

a” = ae 
Turkey: Electric furnace: a a oO a 

Ferrosilicon® | 8 8 45 46 6 

Ferrochromium °55 °55 __ 58 60 66 

Total _*63 _*63 _ 83 __6 _ 2 
U.S.S.R.: a oe 

Blast furnace: 

Spiegeleisen 21 22 21 “21 21 

Ferromanganese 633 662 654 “660 660 

Ferrophosphorus 29 29 28 “28 28 

Electric furnace:° 19 

Ferromanganese 744 772 7712 772 772 

Silicomanganese 209 220 220 220 220 

Ferrosilicon 827 882 937 937 937 

Silicon metal 66 72 72 72 72 

Ferrochromium 463 468 474 | 496 496 

Ferrochromium-silicon 13 14 15 15 15 

Ferronickel 99 99 99 99 99 

Other! "155 "166 _*166 "177 177 

Tous 3,259 3,406 3,458 £3,497 3,497 
United Kingdom a a a 

Blast furnace, ferromanganese 85 110 102 118 | 110 

Electric furnace, undistributed® 11 11 11 11 il 

Total® | 96 rey e173 F199 121 
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TABLE 9—Continued . 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 

FURNACE TYPE, AND ALLOY TYPE’ 
(Thousand short tons) 

| Country, furnace type,? and alloy type? 1985 1986 . 1987 1988 1989° 

United States: Electric furnace: 2° 

Ferromanganese?! 154 117 113 W W 

Ferrosilicon 442 339 356 495 4524 

Silicon metal 121 124 147 164 4150 

Ferrochromium? 110 105 118 W W 

Other? 151 130 84 383 4352 

Total® 977 816 818 1,043 41,026 

Uruguay: Electric furnace, ferrosilicon . (16) ('6) ('6) (© 16) (16) 

Venezuela: Electric furnace: 

Ferromanganese (19) (1°) (2°) (2°) — 

Silicomanganese "27 "31 31 37 33 

Ferrosilicon 67 56 58 57 61 

Total® "93 "87 88 94 94 

Yugoslavia: Electric furnace: : 

Ferromanganese 39 44 42 50 30 

Silicomanganese 48 46 47 52 31 

Ferrosilicon | 101 110 ~ 109 133 110 

Silicon metal 36 35 35 28 | 28 

Ferrochromium 81 76 62 103 99 

Ferrochromium-silicon — 8 8 7 4 4 

Ferronickel 10 10 11 17 11 

Calcium-silicon ('6) (16) 1 1 1 

Other ‘6 "7 8 12 11 

Total® “330 *335 321 399 364 

Zimbabwe: Electric furnace: 

Ferromanganese 2 “2 — ) 4__ 

Ferrochromium 172 “171 234 247 4191 

Ferrochromium-silicon 59 “55 32 32 428 

Total® 233 “228 266 279 4218 

Grand totalé 16,722 "16,776 17,066 18,716 18,660 

of which: 

Blast furnace: | 

Spiegeleisen?4 "24 "25 25 25 25 

Ferromanganese?‘ 25 "1,351 "1,373 1,344 1,455 1,454 

Ferrosilicon 47 76 44 72 72 

Ferrophosphorus 29 29 28 28 28 

Total blast furnace® "1,451 "1,503 1,441 1,580 1,579 

Electric furnace:*® 

Ferromanganese?® *3,125 “3,068 2,979 273,152 273 048 

Silicomanganese2® "1629 "1,630 1,652 1,715 1,793 
Ferrosilicon "3,781 "3,781 3,902 4,383 4,426 

Calcium-silicon ('5) (1) 1 1 1 

, Silicon metal “695 "733 788 871 877 

Ferrochromium?® "3,278 "3,267 3,470 273,608 273,624 

Ferrochromium-silicon “138 "124 106 2788 2783 

Ferronickel "741 “687 690 786 828 
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TABLE 9—Continued 

FERROALLOYS: WORLD PRODUCTION, BY COUNTRY, 
1 

FURNACE TYPE, AND ALLOY TYPE 
(Thousand short tons) 

mL 

Country, furnace type,? and alloy type? 1985 1986 1987 1988? 1989° 
a annem if a ST UNUTIETITE UO 

Electric furnance*—Continued 

Other?9 “809 "822 854 1,197 1,180 

Undistributed 24 24 24 24 24 

Total electric furnace‘ * 14,220 "14,136 14,466 15,825 15,884 

Furnace type unspecified: 

Ferromanganese® “1,052 “1,139 1,164 1,310 1,203 

“Estimated. PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ 

1Table includes data available through June 20, 1990. 
2To the extent possible, ferroalloy production of each country has been separated according to the furnace type from which production is obtained; production derived from metallothermic operations is 

included with electric furnace production. 

3To the extent possible, ferroalloy production of each country has been separated so as to show individually the following major types of ferroalloys: spiegeleisen, ferromanganese, silicomanganese, 

ferrosilicon, silicon metal, ferrochromium, ferrochromium-silicon, and ferronickel. Ferroalloys other than those listed that have been identified specifically in sources, as well as those ferroalloys not identified 

specifically but which definitely exclude those listed previously in this footnote have been reported as ‘‘Other.’’ For countries for which one or more of the individual ferroalloys listed separately in this 

footnote have been inseparable from some other ferroalloys owing to the nation’s reporting system, such deviations are indicted by individual footnotes. In instances where ferroalloy production has not been 

subdivided in sources and where no basis is available for estimation of individual component ferroalloys, the entry has been reported as ‘‘Undistributed.’’ 

‘Reported figure. 

SData for year ending Nov. 30 for 1985 and 1986; calendar years thereafter. 

6Data may not add to totals shown because of independent rounding. 

Includes silicomanganese. 
8Although furnace type has not been specified for any ferroalloy production for China, North Korea, and the Republic of South Africa, all output of these countries has been included under ‘*Electric furnace’’ 

(and metallothermic) output except for their production of ferromanganese, which is reported separately. 

‘Includes ferrochromium-silicon, if any was produced. 
Revised to zero. . 

_ “Includes ferrochromium-silicon and ferronickel, if any was produced. 
12Includes silicospiegeleisen. . 

3Includes ferronickel, if any was produced. 

14Series excludes calcium silicide. 

15Includes calcium-silicon, ferrotungsten, ferromolybdenum, ferrovanadium, ferrocolumbium, and other ferroalloys. 

16Less than 1/2 unit. 

17Estimated figures based on reported exports and an allowance for domestic use. 

18Ferrovanadium only; other minor ferroalloys may be produced, but no basis is available for estimation. : 

19J.§.S.R. production of electric furnace ferroalloys is not reported; estimates provided are based on crude source material production and availability for consumption (including estimates) and upon reported 

ferroalloy trade, including data from trading partner countries. 

20U.S. production of ferronickel cannot be reported separately to conceal corporate proprietary information. 

21U).S. output of ferromanganese includes silicomanganese and manganese metal. 

22U.S. output of ferrochromium includes ferrochromium-silicon, chromium briquets, exothermic chromium additives, other miscellaneous chromium alloys, and chromium metal. 

23Includes ferronickel. 

24Spiegeleisen for the Federal Republic of Germany is included with “‘Blast furnace ferromanganese.”’ 

25Includes silicospiegeleisen for France. . 

26Ferromanganese includes silicomanganese and manganese metal for U.S. and silicomanganese (if any was produced) for countries carrying footnote 7 on ‘‘Ferromanganese’’ data line. 

27U.S. production under ‘‘Other.”’ 
28Ferrochromium includes material listed in footnote 22 for the United States and ferrochromium-silicon (if any was produced) for countries carrying footnote 9 on ‘‘Ferrochromium”’ data line. 

29Includes ferronickel production for France, Norway, and the United States. 

manufacture of steel and cast iron. Perhaps | Industry Structure The first sector produces the tonnage or 
the most varied assortment of alloys is bulk ferroalloys of manganese, chromium, 
associated with silicon. These include sili- The ferroalloy industry is closely | and silicon, and their respective metals. 
con metal, with varying amounts of iron; | associated with the iron and steel | Except for manganese metal, chromium 
five ranges of silicon in ferrosilicon; and | industries, its largest customers. World | metal, and some specialty alloys, these 
magnesium ferrosilicon alloys and other | production of the ferroalloys and silicon | products are made in submerged-arc 
inoculant-type alloys involving controlled | metal was estimated to be 18.66 million | electric furnaces, and to a limited extent, 
additions of barium, calcium, zirconium, | short tons in 1989. U.S. ferroalloy | the companies can switch their production 
and rare-earth elements, with or without | shipments in 1989 were 985,000 short tons | among these products according to market 
magnesium, in alloys where silicon is the | valued at $928 million. Domestically, 28 | conditions. Since 1977, there has been no 
dominant element. The majority of the | companies produced ferroalloys and/or | blast furnace production of ferromanganese 
specialized alloys involving another | silicon metal, although 5 of those produced | in the United States, and currently no 
element or two elements in addition to | only ferrophosphorus as a byproduct of | ferroalloys are produced domestically 
silicon is utilized by the iron-casting | elemental phosphorus production. The | within a steel plant. One primary 
industry. In the United States, the most | U.S. industry can be divided into three | aluminum company operates a captive 
complete set of accepted ferroalloy | sectors according to the alloys produced, | plant to produce silicon metal for alloying 
specifications are those of the American | with only a few companies operating in | aluminum. Authors and publishers usually 
Society for Testing and Materials. more than one sector. include silicon metal among the ferroalloys 
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because its production process (i.e., elec- | to produce pig iron. However, since 1977, | tion and that of stainless grades headed 
tric furnace) is very similar to that of most | U.S. production of alloys containing | toward their highest levels in nearly 10 | — 
ferroalloys. manganese, silicon, and chromium has | years. In 1989, as steel production fell 

The second sector of the industry com- | been in electric-arc furnaces exclusively. | slightly, most bulk ferroalloy prices also 
prises companies producing the remaining | Most of these alloys are smelted in | fell. 
ferroalloys other than ferrophosphorus. | submerged-arc furnaces (i.e., the electric 
These companies are either vertically in- | arc is kept submerged within the charge of Costs.—Principal elements in the cost of 
tegrated and produce alloys such as fer- | raw materials). Ores are smelted with car- ferroalloy production are (1) delivered costs 
romolybdenum or ferronickel using ores | bon from coke, coal, or wood chips as | of the ore, (2) energy cost, (3) cost of 
from their own mines, or produce relatively | reductant. The high temperature and add- | reductant coke or low-ash coal, (4) cost of 
low-tonnage but high-unit-value ferroalloys | ed energy needed for the reaction are | iron in the form of steel scrap, and (5) 
such as ferrovanadium or ferrocolumbium | provided by the electric arc. Unlike the | Jabor. The cost of all of these elements, and 
from purchased raw materials. . operation of electric furnaces in steelmak- particularly the cost of energy, increased 

The third sector of the industry produces | ing, that of the submerged-arc furnace is rapidly since 1970. In addition, new capital 
ferrophosphotrus as a byproduct of elemen- | continuous, with raw materials being fed | costs for pollution control equipment were 
tal phosphorus production. from above and molten alloy and slag (if | added. 

Most countries with well-established | produced) being tapped through holes in Energy costs are a dominant factor in the 
steel industries also produce ferroalloys, | the side of the furnace. For some grades, | cogt of producing ferroalloys in submerged- 
but a definite shift in the location of fer- | such as low-carbon ferromanganese and | arc furnaces. Silicon alloys require the 
roalloy production has occurred in more re- | low-carbon ferrochromium, two or three highest energy input, followed by 
cent years toward countries with relatively | processing steps are involved and open-arc | chromium- and manganese-containing 
low energy costs. These include Brazil, | as well as submerged-arc furnaces are alloys. In the United States, energy costs 
Norway, and Venezuela, as well as coun- | used. account for about 40% of the cost of 
tries possessing substantial quantities of Modern ferroalloy electric furnaces silicon-containing ferroalloys. In addition, 
high-grade ferroalloy ores such as India and | evolved from calcium carbide furnaces, many national Governments are favoring | 
the Republic of South Africa. Development | which became important in the 1920’s. | Jess power intensive industries by allocating | _ 
of a large export potential in countries such | Initially, ferroalloy plants had several power. Thus, countries with an adequate 
as these has decreased economic viability | furnaces of small size that provided flex- technology base, economy of large-scale 
of small-scale ferroalloy production in | ibility in producing a limited volume of a operation, and assured low energy costs 
some areas, particularly where stringent | variety of alloys. The trend has been toward | will be favored to become larger factors in 
pollution abatement requirements have | fewer but larger furnaces, with transformer | the ferroalloy industry. The United States 
been established and power costs are high. | ratings now up to 100 MV-A, and with | will be in an intermediate energy cost posi- 
Japan’s ferroalloy industry, not unlike the | some new plants consisting of just one or | tion. However, energy costs and ore 
United States, has been in a state of decline | two furnaces. The larger furnaces are | reserves continue to favor expansion in pro- 
in more recent years because of high power | designed more for specific alloy produc- | duction of (1) chromium alloys in Albania, 
costs. The Japanese ceased silicon metal | tion, and the use of the furnace for other Greece, India, the Philippines, the 
production at the end of 1982 and have cut | alloys may require physical modification. Republic of South Africa, and Turkey; (2) 
back the production of some other | Modern furnaces are equipped with manganese alloys in Brazil, Mexico, and 
ferroalloys. automated materials handling equipment to | the Republic of South Africa; and (3) 

reduce labor requirements and with com- | gilicon alloys in Australia, Brazil, and Nor- 

Resources puterized control systems to maintain more | way. At the same time, such growth will 
The reader is referred to the respective onacient re roduenon. duced in the tend to dampen growth in steel-producing 

commodity chapters for complete discus- electric furnace by metal othermic reduc. countries such as the United States, Japan, 
sions of ore reserves and potential sources | ~~ y and many Western European countries. 

tion. The reductant may be aluminum or 
of ferroalloy raw materials. The U.S. fer- silicon (often as ferrosilicon). The reactions 
roalloy industry is dependent on imports ae Operating Factors 
for most of its primary supply of | @~ generally self-sustaining, but heat may . . ; . primary SUPPly be added by an electric to keep the Environmental Requirements.—Air y arc to keep q 
chromium, cobalt, columbium, manganese, — . Lo ok . molten alloy liquid until the slag can be | pollution is the principal environmental and nickel. The United States has large , 

. separated. problem in the production of ferroalloys. 
reserves of molybdenum and raw materials M , 
for ferroboron, ferrotitanium, and the rare- ost ferroalloy furnaces in the United we ° . States use baghouses to control air pollu- earth additives. It also produces a substan- | Economic Factors . & po 
tial percentage of its vanadium re- . : Hon. Wet scrubbers and electrostatic 
uirements from domestic raw materials Prices.—Demand for ferroalloys is deter- | precipitators are also in use. 

q ‘ | mined by the level of activity in the iron Most developed countries, particularly 
Technolo and steel industries, and prices for fer- | Japan and the countries of Western Europe, 

BY roalloys tend to vary, sometimes widely, | have stringent environmental controls. In 
High-carbon ferromanganese, spiegelei- | with changes in demand or supply. For ex- | other countries, such as Brazil, en- 

sen, and silvery pig iron (containing 10% | ample, in 1987 and 1988, bulk ferroalloy | vironmental controls are not always re- 
to 20% silicon) are produced in several | prices rose steadily and, in some cases, | quired by the Governments; but ferroalloy 
countries in the type of blast furnace used | more than doubled as U.S. steel produc- | producers are generally equipping new 
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arnnarcially the mn monn aaa Metal Bulletin (London). No. 7359, Feb. 13, 1989, p. i. . OTHER SOURCES OF INFORMATION 
lally avaliable to CHect SUDS 2. No. 7433, Nov. 13, 1989, p. 31. oo | 

removal of objectionable emissions. 3Metals Week. V. 61, No. 5, Jan. 9. 1990, p. 2. Bureau of Mines Publications 

‘Metal Bulletin Monthly (London). No. 227, Nov. 1989, | Chromium. Ch. in Minerals Yearbook, annual. 

Energy Requirements.—Bulk ferroalloys ?- 12-15. | Chromium. Ch. in Mineral Commodity 

produced in submerged-arc electric  ‘Amétican Metal Market. V. 97, No. 237, Dec. 7, 1989, p.°. Summaries, annual. — 
furnaces are extremely power intensive, wR TE ee, eon x 1096 oe “ ‘oss P. \ Manganese. Ch. in Minerals Yearbook, annual. 

especially silicon metal and the silicon- ° Poe ee ee ee PhP ~ Manganese. Ch. in Mineral Commodity 
mm 8Metal Bulletin (London). No. 7437, Nov. 27, 1989, p. 13. ; 

containing alloys, which can require Up tO —»Metals Week. V. 60, No. 51, Dec. 18, 1989, p. 2. Summaries, annual. 
12,000-kilowatt-hours of electric energy per "Metal Bulletin (London). No. 7438, Nov. 30, 1989, p. 15. Silicon. Ch. in Minerals Yearbook, annual. 

ton of silicon contained in the final product.  "___.. No. 7433, Nov. 13, 1989, p. 31. Silicon. Ch. in Mineral Commodity Summaries, 

Standard ferromanganese is the least power "Metals Price Report (London), No. 35, Nov. 28, 1989, p. 2. annual. 
intensive of the major ferroalloys, requiring "Metals Werk. V. 60, No. 33, Aug. 14, 1989, p. & | | 

approximately 2,500 kilowatt-hours per ton “American Metal Market. V. 97, No. 74, Apr. 17) G89, P. '. Other Sources oe 
The TEX Report. V. 21, No. 4974, Aug. 2, 1989, p. 4. 

of alloy produced. ‘Metal Bulletin (London). No. 7373, Apr. 6, 1989, p. 13, CO™Pany annual reports. | 
To buy power at low cost, many 17Metals Week. V. 60, No. 49, Dec. 4, 1989, p. 6. Electric Furnace Conference Proceedings, 

ferroalloy companies have long-term 8Metal Bulletin (London). No. 7361, Feb. 20, 1989, p.15. Annual, Iron & Steel Society of AIME. 

contracts with use of pay conditions that 1°Personal Communication with Jorne De Linde, RSI, INFACON ’89 Conference Proceedings. 

may restrict the companies’ operational Exton, PA. TEX Report (Japan; annual ferroalloy manual). 

flexibility. Contracts that specify a high "The TEX Report. V. 21, No. 4970, huly 27, 1989, p. 5. 33 Metal Producing. 
minimum charge limit the amount that » eral Bulletin (London). No. 7432, Nov. 9, 1989, p. 15. Iron Age. 

costs can be reduced by cutting production =, 7 a No. 7372, Apr. 3, 1989, p. . FOUNDRY Management & Technology. 
e TEX Report. V. 21, No. 5055, Nov. 30, 1989, p. 13. 

during periods of weak demand. Under _s«nfetal Bulletin Monthly (London). No. 220, Apr. 1989, on and Steelmaker. 

interruptable contracts, power can be cut pp. 26-29. Tron and Steel Engineer. 

off during power shortages. 25The TEX Report. V. 21, No. 4909, Apr. 27, 1989, p.2. | Modern Casting. 
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By M. Michael Miller 

Mr. Miller, a physical scientist with 12 years of minerals experience with the Department of the Interior, has been the 

commodity specialist for fluorspar since 1989. Domestic survey data were prepared by Gail D. Mason, mineral data 

assistant; and international data tables were prepared by Gio Jacarepaqua, international data assistant. 

n 1960, an International System | continued to supply most of the United DOMESTIC DATA 
of Units was adopted by the 11th | States requirements, decreased nearly 
General Conference of Weights and | 5% from 1988. HF imports were nearly COVERAGE 
Measures. This system is called the | 4% lower than reported in the previous 

MKS system or metric system, and most | year. Domestic production and consump- 
countries of the world have adopted it as The fluorspar industry witnessed some | tion data for fluorspar were developed by 
their official system of measurement. | important events in 1989. In July, the | the Bureau of Mines from voluntary 
The Bureau of Mines, in an effort to | first phase of cutbacks in chlorofluoro- | surveys of U.S. operations. Surveys were 
provide statistical data on fluorspar in | carbon (CFC) production, mandated by | conducted to obtain fluorspar mine pro- 
units most consistent with international | the Montreal Protocol on Substances | duction and shipments and _fluosilicic 
usage, will henceforth report fluorspar | that Deplete the Ozone Layer (Montreal | acid production. Of the four fluorspar 
data in metric tons (mt) unless otherwise | Protocol), went into effect, freezing CFC | mining operations to which a survey re- 
noted. production at 1986 levels. Pennwalt | quest was sent, 100% responded. Pro- 

In the United States, fluorspar was | Chemical Corp., parent of domestic flu- | duction statistics in table 1 are withheld 
shipped by one major producer and by | orspar producer Ozark-Mahoning Co., | to protect company proprietary data. Of 
one small producer that supplied less | was purchased by the French chemicals | the seven fluosilicic acid producers sur- 
than 10% of the Nation’s requirements. | giant, Société Nationale Elf Aquitaine. | veyed, 100% responded, representing 
Supplementing fluorspar as a domestic | An international meeting was held in | 100% of the quantity reported. The con- 
source of fluorine was byproduct fluosi- | Monterrey, Mexico, in April to discuss | sumption survey was sent to approxi- 
licic acid production from some phos- | fluorspar production and markets and to | mately 88 operations quarterly and to 39 
phoric acid and hydrofluoric acid (HF) | assess how developments are shaping the | additional operations annually. Of the 
producers. Imports of fluorspar, which | industry. operations surveyed quarterly, 70% re- 

TABLE 1 | | 

SALIENT FLUORSPAR STATISTICS! 

| 1985 1986 1987 1988 1989 

United States: | | 

Production: 

Finished (shipments) * metric tons 59,900 70,800 63,500 63,500 66,000 

Value f.o.b. mine thousands W WwW WwW W W 

Exports metric tons 8,773 14,710 2,595 3,136 5,134 

Value thousands $964 $1,634 $308 $346 $694 

Imports for consumption metric tons 501 ,636 . 501,478 531,530 689,139 655,590 

Value? thousands $45,032 $41,436 $43,935 $62,748 $79,875 

Consumption (reported) metric tons 514,939 $25,112 542,830 551,055 641,882 

Consumption (apparent)? do. 619,576 $18,264 "643,659 723,804 738,825 

Stocks, Dec. 31: 

Domestic mines: 

Finished do. W W W W WwW 

Consumer do. 42,266 81,531 30,310 56,012 79,347 

World: Production do. "4,979,045 "4,854,054 4,843,483 5,292,418 5,731,340 

©Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

1 Does not include fluosilicic acid (H2SiF,) or imports of hydrofluoric acid (HF) and cryolite. 
*C.i.f. U.S. port. 
3U.S. primary and secondary production plus imports, minus exports, plus adjustments for Government and industry stock changes. 
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sponded. Of the operations surveyed on | end of the century is likely to generate | cember 1988. Ozark completed the re- 
an annual basis, 36% responded. To- | large costs. About one-half of CFC | habilitation of the mine in late Decem- 
gether, quarterly and annual responses | consumption consists of foam produc- | ber 1989 and planned to start pro- 
represented 87% of the apparent con- | tion, solvents, and firefighting applica- | duction in January 1990. 
sumption data shown in table 1. — tions. Non-CFC replacements for foam Eleven plants processing phosphate 

production and solvents can be devel- | rock for the production of phosphoric 
oped without significant costs. Al- | acid and one plant producing HF sold 

_CYs«étheough there are no replacements for | or used 46,565 mt of byproduct fluosi- 
LEGISLATION AND the halons used as firefighting agents, | licic acid, which was equivalent to 
GOVERNMENT PROGRAMS emissions can be greatly reduced by the | 90,700 mt of fluorspar. 

| sostrict control of operating practices. 
Large costs will occur in replacing the , 

At yearend, the National Defense | CFC’s used for refrigeration and air- TABLE 2 
Stockpile fluorspar inventory was un- | conditioning. Replacement costs for 
changed from yearend 1988 and re- | new equipment in net present value U.S. FLUOSILICIC ACID 
mained well below the stockpile goals | may range from $6.4 billion to as much PRODUCERS 
of 1.4 million short dry tons (about | as $12.5 billion by early next century. If 
1.27 million mt) for acid grade and 1.7 | CFC’s were to become unavailable in Company Number 
million short dry tons (about 1.54 mil- | 10 years, the costs of premature obso- | of plants : 
lion mt) for metallurgical grade. Re- | lescence of equipment could be as high | Agrico Chemical Co. 3 
vised goals were authorized in 1989 of | as $13 to $23 billion in net present | Conserv Inc. 1 

900,000 short tons (about 816,000 mt) | value. Automobile air conditioners | Farmland Industries Inc. 1 
for acid grade and 310,000 short tons | would account for 75% of these costs. | Gardinier Inc. 1 
(about 281,000 mt) for metallurgical | Additional costs would ensue from a/ yycFertilizer Inc. 3 
grade. The revised goals had not been | slight decline in energy efficiency Of | OcGaentai chemical ti‘ Csé~‘<CSCS*é‘it:~*~*W 
implemented by the end of the year. | equipment that formerly used CFC’s.” Agricultural Products Inc. 1 
Depletion allowances against Federal | These cost projections were made be- | Seminole Fertilizer Corp. 2 (asté‘i;t*~™” 
taxes of 22% and 14%, respectively, | fore passage of the excise tax on CFC Texasguifinc. 1 
remained in effect for domestic and | production and do not take into ac- US. Agrichemicals Corp.t—‘“<—=‘s=SststsSsS*tCSt 

° . . . »o. Agricnemicals Corp. 
foreign production by U.S.companies. | count impacts of the tax. | Weaver Fertilizer CoIna COSC 

In September 1987, the United States | eee 
and 22 other nations signed the Montreal 
Protocol. The protocol, under the aus- | _-—— 
pices of the United Nations Environmen- | PRODUCTION a 
tal Program, mandated a freeze in CFC | ———-~——————————— | CONSUMPTION AND USES 
production at the 1986 level by July 1989, TTT inn aa 
followed by a 20% reduction by mid- Illinois remained the leading produc- 
1993 and an additional 30% reduction by | ing State, accounting for over 98% of Acid-grade fluorspar, containing 

| mid-1998. The United States complied | all U.S. shipments. Data on shipments | greater than 97% calcium fluoride 
with the July 1989 date for reduction of | of fluorspar by State and grade are | (CaF,), was used primarily as a feedstock 
CFC production to 1986 levels. In De- | withheld to avoid disclosing company | in the manufacture of HF. Ceramic- 
cember 1989, an excise tax was levied on | proprietary data. grade fluorspar, containing 85% to 95% 
the production of CFC’s that are subject Ozark-Mahoning Co., the Nation’s | CaF,, was used for the production of 
to the Montreal Protocol. The tax was | largest fluorspar producer and now a | glass and enamel, to make welding rod 
included as part of a deficit reduction | subsidiary of Atochem North America | coatings, and as a flux in the steel indus- 
bill, which set a base tax rate for CFC-11 | Inc., operated three mines and a flota- | try. Metallurgical-grade fluorspar, con- 
of $1.37 per pound in 1990 and 1991. | tion plant in Pope and Hardin Counties, | taining 60% to 85% or more CaF,, was 
The rate increases to $1.67 in 1992, $2.65 | IL. Ozark-Mahoning also dried im- | used primarily as a fluxing agent by the 
in 1993 and 1994, and an additional 45 | ported fluorspar to supplement its pro- | steel industry. 
cents per pound per year thereafter. Tax | duction. Seaforth Mineral & Ore Co. Reported domestic consumption by 
rates for CFC-12, CFC-113, CFC-114, | Inc., dried imported fluorspar at its fa- | the HF industry decreased by less than 
CFC-115, and halon-1201, halon-1301, | cilities at Cave-In-Rock, IL, and East | 3%; consumption by the steel industry 
and halon-2402 will be calculated based | Liverpool, OH, for sale primarily to | remained essentially unchanged. Ac- 
on their ozone layer depletion potential | consumers in the ceramic industry. J. | cording to the American Iron and Steel 
relative to CFC-11.! Irving Crowell, Jr., & Son produced and | Institute (AISI), domestic production 

shipped a small amount of metallurgical- | of raw steel decreased slightly from 

S| sograde fluorspar from its Crowell-Daisy | 90.1 million mt in 1988 to 88.4 million 

ISSUES Mine in Nye County, NV. mt in 1989. A comparison of the AISI 

= Ozark-Mahoning reopened the form- | data with fluorspar consumption data 

| er Inverness Mining Co. Minerva #1 | collected by the Bureau of Mines from 
The total phaseout of CFC’s by the | Mine, acquired from Seaforth, in De- | the U.S.steel industry shows that aver- 
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age fluorspar consumption per ton of | 13% to 87,657 mt; dichlorodifluo- | for CFC-11 in plastic foams. Only 
raw steel has remained relatively con- | romethane (CFC-12) increased slightly | HCFC-22 is currently in commercial 
stant during 1986-89. The industry | to 177,604 mt, and _ chlorodifluo- | use, although several companies have 
average for all furnace types is shown | romethane (HCFC-22) remained essen- | announced plans to build commercial- 
below: tially unchanged at 148,413 mt, com- | scale plants to manufacture the other 

| pared with 1988 figures. compounds. These plans are not with- 
| As a consequence of the adoption of | out risk, since the compounds have to 

——___—_—____________ | the terms of the Montreal Protocol, | pass inhalation and toxicity tests before 
(loses vor metric ton) | CFC-11 and CFC-12 production will | commercial sales are allowed.? 

——¥————Errerrrcrces_________ | probably decrease continuously for the The manufacture of synthetic cryolite 
4986 1987 19881989 | ext 10 years and may be phased out | and aluminum fluoride for use in alumi- 
A137 ABA _*39'| Completely when adequate substitutes | num reduction cells was a major use of 

are developed and tested. Because | HF. An estimated 40 to 60 pounds of 
| HCFC-22 is not a fully halogenated | fluorine was consumed for each ton of 

In the ceramic industry, fluorspar | CFC and is broken down in the lower | aluminum produced. Aluminum fluo- 
was used as a flux and as an opacifier | atmosphere, it was not included in the | ride was used by the ceramic industry for 
in the production of flint glass, white | list of ozone-depleting substances cov- | some body and glaze mixtures and in the 
or opal glass, and enamels. Fluorspar | ered by the Montreal Protocol. production of specialty refractory prod- 
was used in the manufacture of glass The chemical industry is pursuing re- | ucts. It was used in the manufacture of 
fibers, aluminum, cement, and brick, | search into replacement compounds for | aluminum silicates and in the glass indus- 
and was also used in the melt shop by | the CFC’s that are to be phased out. The | try as a filler. | 
the foundry industry. CFC producers are developing substi- HF was consumed in the manufac- 

Three companies reported fluorspar | tutes called hydrochlorofluorocarbons | ture of uranium tetrafluoride that was 
consumption for the production of HF. | (HCFC’s) that have ozone-depletion po- | used in the process of concentrating 
The U.S.Department of Commerce, | tentials of about 5% that of CFC-11, | uranium isotope 235 for use as nuclear 
Bureau of the Census, reported that, | CFC-12, and CFC-113, which in total | fuel and in fission explosives. It. was 
based on their monthly survey, anhy- | account for over 90% of CFC con- | also used in stainless steel pickling, 
drous, technical; and aqueous HF, | sumption. Other substitutes are called | petroleum alkylation, glass etching, oil 
100% basis, “produced and withdrawn | hydrofluorocarbons (HFC’s), which | and gas well treatment, as a cleaner and 
from the system,” was over 177,148 mt | have no ozone-depletion potential, | etcher in the electronics industry, and 
for 1989, compared with the 1988 | since they contain no chlorine atoms. | in the manufacture of a host of fluorine 
quantity of 195,777 mt. So far, the most likely candidates to | chemicals used in dielectrics, metal- 

The largest use of HF was for the | replace controlled CFC’s are HCFC- | lurgy, wood preservatives, herbicides, 
production of a wide range of fluoro- | 22, for use in home air conditioning | mouthwashes, decay-preventing denti- 
carbon chemicals including fluoropoly- | and plastic foams; HCFC-123, a po- | frices, plastics, and water fluoridation. , 
mers and CFC’s. CFC’s were produced | tential substitute for CFC-11 in plastic Fluosilicic acid was used primarily in 
by five companies. According to data | foams and refrigeration; HFC-134a, a | water fluoridation, either directly or 
from the U.S. International Trade | potential substitute for CFC-12 in re- | after processing to sodium silicofluo- 
Commission, production of trichloro- | frigeration and auto air conditioners; | ride, and to make aluminum fluoride 
fluoromethane (CFC-11) decreased over | and HCFC-141b, a potential substitute | for the aluminum industry. 

TABLE 3 

U.S. CONSUMPTION (REPORTED) OF FLUORSPAR, BY END USE 

(Metric tons) 

Containing more than Containing not more than Total 

End use or product 97% calcium fluoride (CaF,) 97% calcium fluoride (CaF,) 

1988 1989 1988 1989 1988 1989 

Hydrofluoric acid (HF) 407,752 397,423 _ — 407,752 397,423 
Iron and steel (foundries) W — 4,733 4,534 4,733 4,534 

Open-hearth furnaces — W 20,578 24,528 20,578 24,528 

Basic oxygen furnaces — — 80,714 74,356 80,714 74,356 

Electric furnaces 1,542 1,635 | 29,909 32,778 31,451 34,413 

Other! W WwW W W 105,827 106,628 

Total 411,339 WwW 135,934 W 651,055 641,882 

Stocks, Dec. 31 (consumer) 24,368 47,703 31,644 8,309 56,012 79,347 

W Withheld to avoid disclosing company proprietary data; included with “Other.” 

' Includes glass and fiberglass, enamel, welding rod coatings, primary aluminum, primary magnesium, other chemical products, other ceramic products, and other primary metals. 
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STOCKS PRICES The impact of the Montreal Protocol 
of | was evident in the price increases re- 

ported for CFC compounds. The CMR 
Fluorspar consumer stocks increased According to prices published by In- | yearend price quotations increased from 

substantially for the second straight | dustrial Minerals (Metal Bulletin | $0.64 to $0.90 per pound for CFC-11, 
year. Consumer stocks were 79,347 mt, | PLC), the price of domestic acid-grade | from $0.74 to $1.04 per pound for CFC- 
up 42% from the level reported in 1988. | fluorspar was unchanged. Foreign pro- | 12, from $0.935 to $1.22 per pound for 
This approached the level reported in | ducer prices at yearend had increased | CFC-113, and from $1.08 to $1.41 per 
1986. Government stockpiles of fluor- | by about $15 per metric ton compared | pound for CFC-114. 

spar remained unchanged and con- | with 1988 prices. 
tained 891,957 short dry tons (809,171 Yearend price quotations from the | — SSS 
mt) of acid grade and 294,045 short dry | Chemical Marketing Reporter (CMR) | FOREIGN TRADE 
tons (266,753 mt) of metallurgical | were unchanged at $0.6875 per pound | —---—-—WWO 
grade. for anhydrous HF and up $3.00 at 

$52.00 per 100 pounds for aqueous HF, According to the Bureau of the Cen- 
70%, in tanks. These quotations were | sus, U.S. exports of fluorspar increased 

Sts equivalent to about $1.52 per kilogram | by 64% and had an average value of 
TRANSPORTATION (kg) for anhydrous HF and $114.64 per | $135 per metric ton. Synthetic cryolite 
—_——_—_————————- | 100 kg for aqueous HF, 70%, in tanks. | exports decreased to 6,103 mt repre- 

The CMR yearend price quotation for | senting 7,360 mt of 92% equivalent 
Fluorspar products are transported | fluosilicic acid, 100% basis, in tanks, | fluorspar, valued at $3.2 million. In 

to customers by truck, train, barge, and | was up at $340 per short ton (about | descending order of the quantity ex- 
ship. Most acid-grade fluorspar is | $375 per metric ton), and for cryolite | ported, the most important importers 
shipped in the form of damp filter cake | was unchanged at $550 per short ton | of U.S. produced synthetic cryolite 
containing 7% to 10% moisture to | (about $606 per metric ton). were Canada, Turkey, and Japan. Ac- 

facilitate handling and reduce dust. 
_| Types of transportation available to 

producers influence the economic via- TABLE 4 | 

bility of an operation to a certain ex- PRICES OF DOMESTIC AND IMPORTED FLUORSPAR | 
|} tent. The Republic of South Africa . 
must transport its products over long | (Dollars per metric ton) 
distances from the mines in the Trans- | ——-__ SE 
vaal areato the port of Durban. Fortu-| _—s—“(‘“‘ ‘i; 88198 
nately, the Republic of South Africa | Domestic, f.o.b., Illinois district, bulk, acid-grade 185-191 185-191 

has an extensive rail network that serves | Mexican, f.o.b., Tampico: 
a large number of mineral producers in Acid-grade, filtercake 115-120 130-135 
the Transvaal area. The port at Durban Metallurgical-grade 70- 77 , 90 
is highly mechanized and can load and South African, f.o.b., Durban, acid-grade, dry basis. i(i‘éidS-120~2=~=©«©727>SCSCSC«xN: 20-140 
unload ships faster and more efficiently | soc: dustrial Minerals (Metal Bulletin PLC), No. 237, Jan. 1989, p. 60 and No. 238, Jan 199.66. 222~2~*~*~*~* 

| than most ports in the world, allowing | 
shipments to be cost competitive with | 
other less distant producers. 

In contrast, Mexico has a less effi- TABLE? 
cient rail and highway network, and the U.S. EXPORTS OF FLUORSPAR, BY COUNTRY 
port facilities at Tampico are older; 
these are disadvantages that are over- 1988 1989 
come by short rail and water transport Country Quantity Quantity val 
distances to major markets along the (metric tons) Value (metric tons) anne 
U.S. gulf coast. However, the cost com- | Australia 55 $6,073 208 $22,961 
petitiveness becomes strained for more | Canada 2,131 240,690 4,317 546,944 

distant consumers. Dominican Republic __ 733 95,771 190 34,886 
| Inthe United States, after the prod-| Goa 2Sté~CS~S 59 13,559 57 14,670 

ucts have cleared the port, they are Gibalar SOS _ _ 
ibraltar 22 9,612 

transported to consumers by barge, ida 38 37 600 
rail, or truck. Truck and rail costs are | ~—* — _ 
much higher than barging costs, and | donesia 18 2,032 43 4,706 
many consumers are located near ports | Mexico 91 10,835 261 28,695 
or along major rivers in order to take | Taiwan 27 3,000 — — 
advantage of the lower costs that | Venezuela _ = 30 __ 3,900 
are provided by proximity to water Total 3,136 381,572 5,134 694,362 

transportation.* Source: Bureau of the Census. 
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cording to the reported data, the aver- TABLE 6 

age Soo value for synthetic cryolite | U.S. IMPORTS FOR CONSUMPTION OF FLUORSPAR, BY COUNTRY 
was per metric ton. T 

Imports for consumption of fluorspar AND CUSTOMS DISTRICT | 

decreased by nearly 5% with Mexico ye oe 

ee the most important supplier, Country and customs district Quantity” Value? Quantity —-Vailue! ~~ 

cuantity ieperted: Chine: the Resublig | tie tons) _(thousands) _(metri tons) _(thousands) 
of South Africa, Canada, Morocco, and | ———__ CONTAINING MORE THAN 97% CALCIUM FLUORIDE (CaFy) 
Spain. The average unit value, in dollars | C@74¢@2_ | 
per metric ton, was $127 for acid grade | _Houston 12,617 $1,645 17,737 $2,152 
and $93 for subacid grade. U.S. import Laredo 1,023 147 — 
duties remained in effect for all grades of New Orleans 14,420 1,860 20,975 _ 3,067 | 
fluorspar. The duty was $1.875 per short Total 28,060 3,652 38,712 5,219 
ton for acid grade ($2.07 per metric ton) | China: EE 
and 13.5% ad valorem for ceramic- and Houston 40,831 3,672 68,051 7,912 
metallurgical-grade material. . Laredo ~~—s=CSNe _ _ 6,402 136 

Imports for consumption of HF de- | ~ New Orleans 38,215 3,787 84,853 10,492 
creased nearly 4% to a quantity equiv- | —7— 79.046 7.459 759,306 79,140 

alent to approximately 172,000 mt of | —— 
. France: New York — — 18 7 

fluorspar. Imports of synthetic and | ———HW 
natural cryolite were essentially un- | Germany, Federal Republic of: _ 
changed representing 10,200 mt of 92% | Wilmington SO S4 
fluorspar equivalent. Kenya: | 

Houston 15,102 1,410 4,830 579 
Laredo 9,788 3,365 — — 

WORLD REVIEW Total 24,890 4,775 4,830 579 

ET Mexico: 

; Baltimore — — — — 

World fluorspar consumption and | “Epa Ss—=~S~S=S BS 6,352 63,789 6,592 
production increased compared with “Houston SOtC<CsSS 28.085 > 593 34.115 3.731 

1988. China, Mexico, Mongolia, the | ——M—W¥—-_____- 
U.S.S.R., and the Republic of South | 242 _._____________ 8.079 *,090 64,16 7199 
Africa were the major producers. Inter- | New Orleans 42,075 4,789 20,853 2,585 
national prices increased despite mar- | _Pembina — — 869 82 
ket pressures caused by a massive Chi- Philadelphia 905 78 612 64 
nese presence in the export market. Total 182,529 17,902 184,403 20,853 

Morocco: New Orleans — — 38,145 5,430 

Capacity South Africa, Republic of: 

The data in table 8 are rated capacity Baltimore 1,209 167 _ _ 
for mines and beneficiation plantsasof | “Houston tti(i(iC~™S 33,091 3,436 10,382 1,453 
December 31, 1989. Rated capacity IS | Jaredo 1,999 265 _ _ 

rod ha ve be produced ina period New Orleans 139,257 16,659 106,909 15,914 

of time on a normally sustainable long- Total 175,558 20,527 117,291 17,367 
term operating rate, based on the physi- | —1t#!¥: New Orleans 15,771 1,774 _ — 
cal equipment of the plant, and given | Spain: New Orleans 39,649 5338 OT NOT 
acceptable routine operating procedures Grand total 545,506 61,427 553,803 70,397 

involving labor, energy, materials, and CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE (CaF,) 

maintenance. Capacity includes both op- | Canada: 

erating plants and plants temporarily Buffalo 68 11 — — 
closed that, in the judgment of the au- Seattle 31 2 160 23 
thor, can be brought into production |” qoa#2#+)22)2)~SCti<i<i‘ Ci‘; <;7;3C COF!tFT!t”*~<CS;S:*étSd@ZS!””:tC( Cd !!!!C~8 TT! 

vin capital ependitere. with mini- | China: New Orleans S—S~*~*~C~*«*7“dL LD 1,172 2,860 243 

Normal production practices for many Ttaly: San Francisco ee OC 
underground fluorspar operations are Mexico; 
two-shift-per-day mining operations with | Baltimore 11,848 1,146 12,616 1,331 
one shift for blasting and ventilation; | Buffalo 155 16 — — 
associated milling operations are contin- | _ F! Paso 4,425 517 _ — 
uous with two or three shifts per week | See footnotes at end of table. 
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TABLE 6—Continued | leading producer and exporter. U.S. im- 

U.S. IMPORTS FOR CONSUMPTION OF FLUORSPAR, BY COUNTRY ports from China continued to grow 

AND CUSTOMS DISTRICT dramatically, especially in acid-grade flu- 
orspar. The United States doubled its 

ccc RB ggg acid-grade imports from the previous 
. $$$ —___ | year, from 79,000 mt to over 159,000 mt. 

Country and customs district Quantity Value ! Quantity Value ! 
(metric tons) (thousands) (metric tons) (thousands) Namibia 

Mexico—Continued Although the presence of fluorspar 
_Houston — — qn 4 occurrences in Namibia (formerly 
_faredoo 18,304 $908 8,381 $579 Southwest Africa) has been known 

New Orleans 85,206 5,812 71,519 6,890 since the 1920’s, production has only 
Philadelphia 6,356 635 — — occurred briefly in the 1950’s and 

Seattle 92 14 285 45 1970’s. In early 1988, development by 

Total 126,386 9,048 98,767 9,212 Okorusu Fluorspar (Pty.) Ltd. began at 
Grand total ~ 143,631 ~ 10,251 ~ 101,787 ~ 9478 | the site of the largest fluorspar out- 

‘Customs, insurance, and freight (cif) valueatUS.pot. | €roppings in the Okorusu Mountain 
Source: Bureau of the Census. | area, which is 50 to 60 kilometers north 

of Otjiwarongo and over 400 kilome- 
| ters from Walvis Bay, the nearest port 

TABLE 7 of shipment. By the end of 1989, pro- 
duction capacity had reached about 

U.S. IMPORTS FOR CONSUMPTION OF HYDROFLUORIC ACID (HF), 40,000 mt per year. Shipments were 

BY COUNTRY made to the Federal Republic of Ger- 
many and to the United States. 

1988 1989 

Country Quantity Value! Quantity Value ! 
(metric tons) (thousands) (metric tons) (thousands) | 

Canada 37,645 $36,660 33,858 $37,416 | QUTLOOK 
| Colombia — —_— — — OT 

France — — — — . : 

Germany, Federal Republic of 53 165 74 172 There are three major comp onents In 
ImaelSt<‘i=‘CSt‘sStSSS _ _ _ _ | fluorspar demand: consumption of 
Japan 2392 2.215 1.202 1651 metallurgical grade and briquets by the 
SO ____ steel industry, consumption of acid 
Malawe — — 19 21 | grade by the aluminum industry for 
Mexico 78,578 67,313 82,804 77,588 | production of aluminum fluoride, and 
Monaco- — — 68 73 | consumption of acid grade by the 
Sweden — — 0 1 chemical industry for production of 
United Kingdom 388 547 877 998 hydrofluoric acid. 

Total 119,056 7 106,901 114,676 117,920 Consumption of fluorspar by the 
1 Customs, insurance, and freight (c.i.f.) value at U.S. port. steel industry has declined dr amatically 

2 Data do not add to total shown because of independent rounding. since the introduction of the basic Ox- 

Source: Bureau of the Census. ygen furnace and the gradual obsoles- 
| cence of the open-hearth furnace. 

Twenty years ago, the domestic steel 
dedicated to maintenance and cleaning. | tended for export and to supply the | industry produced 119 million mt of 

domestic aluminum industry; the | steel and consumed 519,000 mt of 
Brazil metallurgical-grade material is intended | metallurgical-grade fluorspar. In com- 

Brazil’s fluorspar reserves are located | for the domestic steel industry.° parison, in 1989, the steel industry 
in the southern part of the country. The produced 88 million mt and consumed 
majority of reserves are in the States of | China approximately 140,000 mt of metal- 
Parana, Santa Catarina, and Rio de Ja- Fluorspar exports from China contin- | lurgical-grade fluorspar. That is a de- 
neiro. In 1989, Mineracao Del Rey Ltda. | ued to increase with reported exports of | crease in steel production of 26%, with 
Opened a new mine and beneficiation | 912,000 mt in 1988 and 1,180,000 mt in | a much larger corresponding decrease 
plant at Mato Preto, in Parana State. | 1989. Based on reported export data and | in fluorspar consumption of 73%. Un- 
This subsidiary of E. I. du Pont de | estimates of domestic consumption, it is | less there is a large increase in domestic 
Nemours & Co. is expected to produce | estimated that China produced 1.7 mil- | steel production, it is estimated that 
about 60,000 mt per year of acid grade | lion metric tons in 1989. This would be | overall consumption of metallurgical- 
and 10,000 to 20,000 mt of metallurgical | nearly twice the production of Mexico, | grade fluorspar will continue to de- 
grade. The acid-grade material is in- | which has been historically the world’s | crease over the next 3 to 5 years. 
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TABLE 8 TABLE 9 | 

U.S. IMPORTS FOR CONSUMPTION OF CRYOLITE, BY COUNTRY WORLD FLUORSPAR ANNUAL 
PRODUCTION CAPACITY, : 

9g. S—t—=~—<CSsSSSSSTSC(‘t‘z ONSC”*”*”*S:SCS™ DECEMBER 31, 1989 ! 

Country Quantity | Value’ Quantity Value’ (Thousand metric tons) | 

(metric tons) (thousands) (metric tons) (thousands) 

Brazil 54 $27 — BN Rated 
Canada 1,896 1,127 251 $1,759 ) capacity! ? 
China 218 134 —_ —_ North America: 

Denmark 3,013 2,636 3,941 3,690 Canada 5 
Germany, Federal Republic of 461 425 70 919 Mexico 1,220 

Greenland 19 24 — — United States 5 

Italy 218 628 — — Total 1,370 | 
Japan 1,647 1,695 — — South America: | 
Netherlands 425 416 45 561 Argentina 35 

Other 319 198 11 157 Brazil 95 

Total 8,270 7,310 28,429 7,647 Total 410 

Customs, insurance, and freight (c.i.f.) value at U.S. port. Europe: #§ ©. —— | 

Total includes synthetic cryolite imports; data not available by country. TT mmm . | 

Source: Bureau of the Census. _Czechoslovakia 100 | 

France 290 2 

| German Democratic Republic 100 

The domestic aluminum industry is | fluorspar is good in the short term and Germany, Federal Republic of 100 
currently operating at or above rated | excellent in the long term. Italy 200 
capacity. No expansion of capacity is Romania (ai‘Sé;C;~O~™ 30 
anticipated in the next few years, and Spain ttst—<isC*”S 320 
the consumption of fluorspar by the | p ACKGROUND USSR... 590 
aluminum industry is expected to re- | ——— "> |/_ 
main at current levels over the next 3 to or | United Kingdom 8 
5 years. | Definition, Grades, and _ Total C2 050 

Consumption of acid-grade fluor- | Specifications Africas 
spar by the chemical industry for the Technically, pure fluorspar, or the | Kenya. 105 | 
production of HF is the largest market | mineral fluorite, contains 51.1% cal- Morocco 90 
for fluorspar. Approximately 70% of | cium and 48.9% fluorine. Natural flu- Namibia 50 

HF production is used in the manufac- | orite is commonly associated with other South Africa, Republic of 680 
ture of CFC’s, while the rest is used in | minerals such as quartz, barite, calcite, Tunisia 45 
chemical intermediates, glass and metal | galena, siderite, celestite, sphalerite, | ~~ Toan— ti(<‘<;2 2373;7;3 }ODT*é<i<i<=COtrt! 

| Processing, petroleum alkylation, and | chalcopyrite, sulfides, or phosphates. | 4g, 2 
other small uses. Most end uses of HF | It tends to occur in well-formed isomet- China 2.000 
are expected to follow the trend of the | ric crystals, in massive and earthy “India , 30 
economy and grow with the projected | forms, and as crusts or globular aggre- | ———* ———___ : 
Gross National Product. However, the | gates with radial fibrous texture. In _Korea, North + 
CFC situation is difficult to analyze. | crystalline form, it can be colorless or | Korea, Republic of 10 
Some industry analysts see large in- | may exhibit a wide range of colors, | _Mongolia P25 
creases in HF consumption for produc- | including yellow, blue, purple, green, Thailand 180 
tion of replacement HCFC’s and | rose, red, bluish and purplish black, Total 3,190 

HFC’s. The new replacements contain | and brown. It has a hardness of 4 on World total 7,690 
more fluorine than present CFC’s and | the Mohs’ scale, a specific gravity ramg- | ' Inciudes capacity at operating plants as well as plants on standby 
are expected to reach the marketplace | ing from 3.01 to 3.60, and a melting basis. sition to the countries listed. Eeyot. Greece. tran. Pakican 

between 1991 and 1994. Other analysts | point of 1,378° C. Sweden, and Turkey produce fluorspan, but available information i 
predict any gains in HF consumption Three principal grades of fluorspar | inadequate for the formulation of a reliable capacity determination. 
for HCFC’s and HFC’s will be offset | are available commercially: acid, ce- 
by overall decreases in CFC usage, as | ramic, and metallurgical. Although the 
nonfluorine replacements for some | specifications for individual grades are | oric acid in the United States and Europe 
current uses are developed. HF produc- | generally well defined, some variation | can use 96% CaF, or slightly lower if the 
ers are currently operating at about | is permitted to satisfy the requirements | remaining impurities are acceptable. 
90% of capacity and are studying pos- | of individual consumers. User specifications may impose limits on 
sible expansions. Despite the uncertain- In the United States, acid-grade fluor- | silica, calctum carbonate, sulfide or free 
ties, during the next 3 to 5 years the | spar (acidspar) contains at least 97% | sulfiir, calcite, beryllium, arsenic, lead, 
outlook for consumption of acid-grade | CaF,. Some manufacturers of hydroflu- | phosphates, and other constituents. 
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TABLE 10 

FLUORSPAR: WORLD PRODUCTION, BY COUNTRY! 

(Metric tons) 

Country? and grade? 1985 1986 1987 1988? 1989°¢ 

Argentina 30,612 39,076 84,924 27,011 30,000 

Brazil (marketable): | a oe 

Acid grade . 42,681 53,555 58,736 54,050 55,000 — 

Metallurgical grade 29,714 31,059 31,212 35,310 35,000 

Total 72,395 84,614 89,948 89,360 90,000 

Canada: Acid grade‘ — — 10,000 "40,000 50,000 

China: * oo a oo 

Acid grade 450,000 450,000 550,000 “950,000 1,200,000 

Metallurgical grade : 400,000 450,000 450,000 450,000 500,000 
Total 850,000 900,000 1,000,000 *1,400,000 1,700,000 

Czechoslovakia © 95,000 95,000 95,000 95,000 95,000 

Egypt 85 80 776 1,849 1,800 

France: . oO Oo Oo oo 

Acid and ceramic grades 160,000 148,000 134,000 * £133,000 133,000 

Metallurgical grade 64,000 50,000 50,000 50,000 50,000 

Total 224,000 198,000 184,000 * 183,000 183,000 

German Democratic Republic* 100,000 100,000 90,000 . 90,000 90,000 

Germany, Federal Republic of (marketable) 83,138 88,834 85,201 © 86,000 86,200 

Greece 35 150 * ©200 * 200 200 

India: * Oo a Oo 

Acid grade 411,107 7,633 8,259 8,200 8,400 

Metallurgical grade 45,000 4,100 4,450 4,500 4,500 

Total 7 “16,107 411,733 412,709 12,700 12,900 

Iran* > 3,300 3,300 3,300 3,300 3,300 

Italy: CO a 

Acid grade 95,450 90,900 77,800 81,700 82,000 

Metallurgical grade 56,762 54,536 56,600 58,157 58,200 

Total 152,212 145,436 134,400 139,857 140,200 

Kenya: Acid grade *57,933 "37,146 61,504 99,092 100,000 

Korea, North: Metallurgical grade° 40,000 40,000 40,000 40,000 40,000 
Korea, Republic of: Metallurgical grade 705 243 63 261 250 

Mexico: © oo OO oO oo 

Acid grade - 378,722 423,614 409,846 . 577,000 595,000 

Ceramic grade 27,226 13,593 12,015 — — 

Metallurgical grade 270,248 263,152 306,633 251,000 266,000 

Sub-metallurgical grade 52,416 66,463 95,398 — —_ 

Total 728,612 766,822 823,892 828,000 861,000 

Mongolia: Metallurgical grade* 787,000 790,000 “800,000 * 800,000 800,000 

Morocco: Acid grade 74,350 83,000 78,000 100,500 100,000 

Namibia: Acid grade — — — © 7,000 30,000 

Pakistan 3,175 4,353 3,673 284 1,000 

Romania: Metallurgical grade‘ 20,000 20,000 18,000 18,000 16,000 

South Africa, Republic of: a oO a OO 

Acid grade 310,211 293,368 © 279,000 282,986 315,880 

Ceramic grade 5,724 7,703 © 7,000 “8,000 7,810 

Metallurgical grade 33,272 32,814 © 30,606 © 37,435 44,650 

Total 349,207 333,885 316,606 328,421 368,340 

See footnotes at end of table. 
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TABLE 10—Continued . 

FLUORSPAR: WORLD PRODUCTION, BY COUNTRY! 

(Metric tons) 

Country” and grade? 1985 1986 1987 1988? 1989°¢ 

Spain: 

Acid grade 266,774 257,108 147,757 ¥ 150,000 150,000 

Metallurgical grade 38,835 25,352 23,859 * ©30,000 30,000 

Total 305,609 282,460 171,616 *©180,000 180,000 

Sweden 3,169 "265 220 225 150 

Thailand: 

Acid grade 35,840 11,500 (’) — — 
Metallurgical grade 263,059 156,409 102,398 76,321 98 ,000 

Total 298,899 167,909 102,398 76,321 98,000 

Tunisia: Acid grade 40,612 36,828 32,653 * 55,000 55,000 

Turkey: Metallurgical grade‘ 5,000 10,000 10,000 413,240 13,000 

US.S.R.° "410,500 4410,500 ‘410,500 ‘410,500 410,000 
United Kingdom 167,390 133,420 120,400 103,797 110,000 

United States (shipments) ° 60,000 71,000 63,500 63,500 66,000 

Grand total | "4,979,045 4,854,054 4,843,483 5,292,418 5,731,340 

“Estimated. Preliminary. ‘Revised. 

'Table includes data available through Apr. 25, 1990. 

2 In addition to the countries listed, Bulgaria is believed to have produced fluorspar in the past, but production is not officially reported, and available information is inadequate for the formulation of reliable 

estimates of output levels. . 
3 An effort has been made to subdivide production of all countries by grade (acid, ceramic, and metallurgical). Where this information is not available in official reports of the subject country, the data have 

been entered without qualifying notes. 

* Reported figure. 

> Year beginning Mar. 21 of that stated. 

© Data for 1985-1987 were provided by the Instituto Mexicano de la Fluorita. Data for 1988 were provided by the Mexican Chamber of Mines, from the Secretaria de Energia, Minas y Industrial Paraestatal 

(Semip). Data for 1989 were provided by industry sources. 

7 Revised to zero. 

Moisture content of the dried material is | is usually used to refer to material with a | from fines accumulated during metspar 
preferably 0.1% or less. Particle size and | maximum CaF, content of 85% but | preparation and from flotation concen- 
distribution are sometimes specified for | sometimes is used for material as high as | trates. U.S. producers use imported 
proper control of the rate of chemical | 96%, which includes what is technically | acid grade to take advantage of its 
reaction and stack losses. Very few re- | ceramic grade. Other countries may re- | lower tariff. Pellets have been made on 
serves in the world can be used to pro- | quire a minimum of 80% CaF,, which | balling machines using sodium silicate 
duce acid-grade fluorspar without flota- | allows larger quantities of silica, usually | binder. 
tion processing. a maximum of 15%, and other contam- 

Ceramic-grade fluorspar is generally | inants. Metspar is often traded as a lump Geology—Resources’ 
marketed as No. 1 ceramic, containing | or gravel that must pass a 1- to 14-inch Fluorspar occurs 1n a wide variety of 
95% to 96% CaF., and No. 2 ceramic, | screen and contain less than 15% of | geological environments, which indi- 
containing 85% to 90% CaF,. An in- | material passing a 1c -inch screen. cates that deposition takes place in a 
termediate grade of about 93% to 94% In the domestic steel industry, vari- | number of different ways. From an 
CaF, is also available. Specifications | ous shapes and sizes of briquets or | economic standpoint, seven of the most 
on impurities vary but may allow a | pellets are being used. Generally made | important modes of occurrence are as 
maximum of 2.5% to 3.0% silica, | to consumer specifications, briquets | follows: 
1.0% to 1.5% calcite, 0.12% ferric | contain varying quantities of fluorspar 1. Fissure vein deposits commonly 
oxide, and trace quantities of lead and | mixed with binders, fillers, and fluxing | occur along faults or shear zones and 
zinc. Shipments of ceramic-spar are | agents. Typically made on roll presses | are the most readily recognized form of 
usually tailored to the specific need of | and ranging in size from that of a peach | fluorspar occurrence in the world. Al- 
individual consumers. seed to a 5-centimeter square, briquets | though the vein structure may be per- 

Metallurgical-grade fluorspar (mets- | contain 25% to 90% CaF, and steel | sistent, the fluorspar mineralization 
par) contains a minimum of 60% effec- | mill waste ingredients, such as mill | commonly occurs as lenses or ore 
tive CaF,. In the United States, metspar | scale, flue dust, shredded scrap, iron | shoots separated by barren zones. Fis- 
is usually quoted in terms of effective | ore fines, and manganese ore fines. The | sure veins occur in igneous, metamor- 
CaF, units, obtained by subtracting 2.5 | most popular binders are molasses and | phic, and sedimentary rocks. 
times the silica content of the ore from its | lime, which do not require baking ov- 2. Stratiform, manto, or bedded de- 
total CaF, content. The term “metspar” | ens. Imported briquets are often made | posits occur as replacements in carbon- 
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ate rocks. Some beds are replaced ad- TABLE 11 might be substantial. In some cases, 
jacent to structural features such as | WORLD FLUORSPAR RESERVES | open pit methods are used until the depth 
joints and faults. In frequent instances, AND RESERVE BASE! requires moving underground. __ 
there is a capping of sandstone, shale, Narrow vein mining is often done by 
or clay. — (Thousand ans sen CaF,, 100% shrinkage stopping and open stopping 

3. Replacement deposits in carbon- where strong walls occur, while strati- 
ate rocks along the contact with acidic | ________________________ | form or bedded deposits use room and 
igneous intrusives are another common Reserves” Aeserse pillar patterns. Replacement and fis- 

| type of deposit. Deposits do not have Noth Ameicas «Ys Sure vein deposits are mined with 
to be the result of contact metamor- Meio SC«9.000 33.909 | Shrinkage stopping or cut-and-fill meth- 
P hism, but may be introduced later, a ods if they are deep, narrow occurrences. 
following the contact zone as a conduit Canada 2,000 5,000 Th also be mined bv oven pit 
and replacing the limestone. United States WwW WwW ey May aiso bt Y Open pil OF 

4. Stockworks and fillings in shear Total 21,000 38,000 strip mining secamiqus where they are 
and breccia zones are another form in | Europe: FFE mr | Rear the surface and have competent 
which fluorspar occurs. The Buffalo | fiance ~SC«W10,000 14,000 sidewalls. The replacement and stock- 

deposit in the Transvaal consists of a| “Tily ~~~ ~~—«%6 000 7,000 work deposits in the Republic of South 
network of fluorspar veinlets in sill-like | ~~ FsSs—e ggg 8.000 Africa, the carbonatite deposit in 
bodies that are inclusions in the granite ——— Namibia, and most of the fissure veins in 
of the Bushveld complex. USSR 62,000 74,000 | Thailand are all mined with open pit 

5. Carbonatite and alkalic rock com- |-__United Kingdom _—2,000 3,000 | methods. However, replacement deposits 
plexes may have fluorspar at their mar- | ___Total ss __ 86,000 126,000 | in Mexico are extracted by stopping or 
gins. Fluorspar grades are not usually | Africa: cut-and-fill methods.® : 
sufficient to be economic, but the Oko- Kenya 2,000 3,000 
rusu deposit in Namibia is made up of Namibia 3,000 5,000 Beneficiation.—Most fluorspar must 
a number of bodies of fluorspar in South Africa, be upgraded for marketing. Metspar is 
limestones, quartzites, and _ related Republic of 30,000 36,000 | often produced by hand sorting of high- 
rocks that have been intruded and Total 35,000 44,000 | grade lump crude ore, followed by crush- 
metamorphosed by an alkaline igneous | Asia: «Fs Ing and screening to remove most of the 
rock complex. China 24,000 32,000 | fines. In the case of fluorspar ores of 

6. Residual deposits of fluorspar are | “Mongolia —<C*~t«é«CS0,000 59,000 | lower grade and/or ores with relatively 
formed in clayey and sandy residuum | “Fyajang 1,000 2,000 | coarse interlocking of minerals, gravity 
that results from surficial weathering of TotalSt=<Cs~*t‘ts~=<STS:«C.s—=C«<*SB.00 concentration processes are used based 
fluorspar veins and replacement depos- Other marke ° on the specific gravity of over 3.0 for 
its. These deposits may be the sources economy countries - 9,000 10,000 | SPar and less than 2.8 for most gangue 
of metallurgical-grade fluorspar. They Other centrally minerals. 
. ° . . y . 
include detrital deposits blanketing the | pjanned economy Heavy-media cone and drum separa- 
apex of veins and the upper portions of | countries 12,000 18,000 | tors are particularly effective in the 
the veins themselves that have been World total “238,000 329,000 | 1%4- by %e-inch size range, either for 
deeply weathered to depths of 30 | W withheld to avoid disclosing company proprietary data. | Producing metallurgical gravel or for 
meters or more. ' The definitions of reserves and reserve base are published in U.S. | preconcentrating the crude ore for flota- 

7. Fluorspar may also occur as a | Gelosical Survey Circular 831, “Principles of a Resource’ | tion feed. For the finer sizes, the heavy- 
. . . Reserve Classification for Minerals,” which is reprinted in the . . 

major gangue mineral in lead and | annual, Bureau of Mines, Mineral Commodity Summaries. media cyclone process is frequently 
zinc veins. Two operations in the | *Recoverable CaF, at the demonstrated level (measured plus | ysed. The high capacity and low oper- 
Parral area of Mexico have treated the | Tyo. isdes demonstrated resources, reported in | ating cost of heavy-media methods give 
tailings of lead-zinc mines to recover | terms of 100% CaF,, that are currently economic (marginal | Very Satisfactory results. Ores as low as 
fluorspar from previously discarded | ‘serves, and some of those that are currently subeconomic | |40/ CaF, are being preconcentrated to 

° (subeconomic resources). . . 
gangue minerals. yield a flotation feed of 40% CaF, or 

Identified world fluorspar resources more. Lead and zinc sulfides and barite 
are approximately 365 million metric concentrate with the fluorspar to enrich 
tons of contained fluorspar. As might | Technology the flotation feed with these valuable 
be expected, the countries with the minerals. In some cases, washing plants 
highest production have the largest flu- Mining.—Mining methods vary ac- | are also used prior to flotation to re- 
orspar reserves, although their produc- | cording to geologic conditions at indi- | move clay or manganese oxides (wad). 
tion ranking does not necessarily mirror | vidual deposits around the world. Deep Ceramic and acid grades of fluorspar 
their reserve ranking. World resources of | deposits usually require underground | are produced by multistage froth flota- 
equivalent fluorspar from phosphate | techniques, while wide, shallow depos- | tion. Ore from the mine is crushed and 
rock are approximately 325 million met- | its employ open pit methods. If the | ground to proper size; care is taken not 
ric tons, which includes about 32 million | ground is unable to support under- | to overgrind and cause fluorspar to be 
metric tons from domestic phosphate | ground mining, open pit methods may | lost in the slimes. If lead and zinc 
rock. be used even though overburden removal | sulfides are present, they are preferen- 
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tially floated off with xanthate collec- | to depress barite. Cyanide is used to ’ Pages 16 and 1? of work cited im footnote 4. 
tor. After this process is completed, all | depress any remaining sulfides. Lime, | ork cited in footnote 4. 

. . . Page 281 of work cited in footnote 6. 
the easy floating fluorspar is removed | caustic, or soda ash can be used for 
in a quick pass through a flotation | acidity control. Flotation temperatures | | 
circuit and sent on to the cleaner cir- | range from ambient to 80° C.? OTHER SOURCES OF INFORMATION 

cuit. The tailings are discarded. The . _ 

middling product is reground to sepa- 1 Chemical Marketing Reporter. CFC’s Used to Pare Bureau of “ines Publications rate the more finely interlocked grains | perici v. 236, No. 26, 1989, op. 5; im Fluorspar. Minerals Yearbook report, 

of fluorspar and gangue, and passed Energy Information Administration (Dep. Energy). annual. age . 
through one or more cleaner circuits. | Potential Costs of Restricting Chlorofluorocarbon Use. Fluorspar. Ch. in Mineral Commodity 
The final products generally comprise Service Report/ESD/89-01, Aug. 1989, 78 pp. Summaries, annual. 

an acid-grade concentrate and, in some *Zurer, P. CFC SUBSTITUTES: Candidates pass Fluorspar. Mineral Industry Surveys, 
cases, one or more concentrates of ee one ets Chem. and Eng. News, v. 67, No. 41, quarterly. 

lower grade, which are sold as ceramic ‘Kilgore, C. C., S. R. Kramer and J. A. Bekkala, | OTHER SOURCES 
grade, or pelletized and sold as metal- | Fluorspar Availability—Market Economy Countries Chemical and Engineering News. 
lurgical grade. Fatty acids are used as | and China. BuMines IC 9060, 1985, p. 21. Chemical Marketing Reporter. 
collectors for the fluorspar. Quebracho ° O’Driscoll, M. Brazil’s industrial minerals—Seeking Chemical Week. 
or tannin is used to depress calcite and No, 266 ens a) ne s3.34. Miner. (London). Industrial Minerals (London). 
dolomite; sodium silicate is used to 6Pelham, L. Fluorspar. Ch. in Mineral Facts and U.S. Department of Commerce reports. 

depress iron oxides and silica; and | problems, 1985 Edition. BuMines B 675, 1985, pp. U.S. International Trade Commission 
chromates, starch, and dextrin are used | 279-280. Reports. 
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By Deborah A. Kramer | 

Ms. Kramer is a physical scientist with the Branch of Nonferrous Metals. She has covered gallium for 6 years. Domestic 
survey data were prepared by Lura Nightlinger, Nonferrous Metals Data Section. | 

allium demand in the United | George Mining Corp. early in 1989 for | to sell some of its assets and inventory to 
: States declined in 1989, prin- | about $5.5 million. St. George Mining | M/A-Com Inc., another large GaAs wa- | 

cipally because penetration of | had filed for bankruptcy in 1988, and | fer manufacturer. | 
gallium arsenide (GaAs) de- | the plant had been idle since 1987. Several companies participating in 

vices into commercial applications did | Using solvent-extraction technology, | the U.S. Department of Defense Mi- 
not occur as rapidly as expected. This | developed by Cominco Ltd., Hecla | crowave/Millimeter Wave Monolithic 
also resulted in the closure of two large | planned to reopen the mine and plant | Integrated Circuits program (Mimic) 
U.S. GaAs manufacturers and the deci- | in early 1990 and recover a sodium | developed new GaAs-based integrated 

sion of a Canadian firm to withdraw | germanate concentrate and 99.99%- | circuits for use in defense applications. 
from its gallium recovery and purifica- | pure gallium metal. Annual plant ca- | Texas Instruments Inc. and Raytheon 
tion businesses. In addition, two compa- | pacity was estimated to be 7,000 kilo- | Co. shipped GaAs amplifier devices to 
nies in the United Kingdom ceased or | grams of gallium metal and 20,000 | the military for use in high-speed anti- 
significantly reduced their activities in | kilograms of sodium germanate. radiation missiles early in 1989. This 
GaAs manufacturing. Eagle-Picher Industries Inc., Qua- | was believed to be the first use of 

Despite the gallium consumption | paw, OK, recovered and refined gallium | devices produced under the Mimic pro- 
downturn, world gallium production | from both imported and domestic ma- | gram in an actual product. Manufac- 
capacity increased significantly as a | terials. Recapture Metals Inc., Bland- | turing the integrated circuits from 
large gallium recovery plant began op- | ing, UT, recovered gallium from scrap | GaAs was expected to increase perform- 
eration in Australia in 1989. Also, a | materials. ance of the devices. 
U.S. firm planned to reopen a gallium Harris Microwave Semiconductor Div. 
and germanium recovery plant in Utah | _C—C‘CSSCSCSC YY. ff’ Harris Corp. had several monolithic 
in 1990. Substantial research and devel- | CONSUMPTION microwave integrated circuit (MMIC) 
opment on new GaAs-based devices | ———_______———_ | products incorporated into military elec- 
and novel fabrication techniques was | tronics systems. These systems were in- 
continued, funded by both Govern- The growth of commercial applica- | cluded in the Advanced Medium-Range 
ment and private industry. tions for integrated circuits apparently | Air-To-Air Missile, the B-1B bomber, 

slowed and led to the closure of two | and the Combined Altitude Radar Al- 
GaAs wafer manufacturing facilities in | timeter. In addition, Harris Microwave 

a C:s«989. Morgan Semiconductor Div. of | worked with General Electric Co. and 
DOMESTIC PRODUCTION Ethyl Corp. closed its plant in Garland, | Hughes Aircraft Co. to develop airborne 

TT —#—§§ | TX, in June, and Spectrum Technology | and ground-based phased-array radar 
Corp. closed its plant in Holliston, | systems. Harris Microwave produces 

Hecla Mining Co. purchased the | MA, in December. Texas Instruments | about 50,000 MMIC and 400,000 micro- 
gallium-germanium mine and process- | Inc. bought the assets of Morgan Semi- | wave devices annually. 
ing plant in St. George, UT, from St. | conductor. Spectrum Technology agreed Honeywell Inc. and Magnesys Corp. 

reportedly signed an agreement to put 
bubble memory systems, manufactured 

TABLE | by Magnesys, into a portable battlefield 

SALIENT U.S. GALLIUM STATISTICS communication terminal. This repre- 
o sented the first high-volume application 

(Kilograms unless otherwise specified) for a bubble memory system in a produc- 

Ss tion model military computer. Initial or- 

1985 1986 1987 1988 1989 | ders were for 575 terminals containing 
Production — '750 Ww — — | more than $! million in bubble memory 

Imports for consumption 7,961 17,202 12,490 12,160 15,284 | systems. Additional purchases of 3,200 

Consumption 7,396 16,043 10,729 10,741 9,667 | units were planned over a 3.5-year pe- 
Price per kilogram $525 $525 $525 $525 $525 | tiod. Bubble memories store information 
Estimated. W Withheld to avoid disclosing company proprtarydaia~SC=<Ct*‘“‘s*S*S*S*SC<s=Stt-~*«Y:s Small magnetic domains that form in 
' Reported figure. a garnet epitaxial layer over a galhium- 
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gadolinium-garnet substrate when a mag- TABLE 3 
. ° ° e 2 

netic field is applied. STOCKS, RECEIPTS, AND CONSUMPTION OF GALLIUM,! BY GRADE 
(Kilograms) 

TABLE 2 ES 

U.S. CONSUMPTION OF | Purity Beginning Receipts Consumption stocke 
GALLIUM,' BY END USE JOR 

(Kilograms) 97.0% to 99.9% 109 — 93 16 

99.99% to 99.999% 2 239 205 36 

End use 1988 1989 99.9999 % 211 6,516 6,368 359 

Optoelectronic devices: 99.99999% 410 4,042 4,075 377 

Laser diodes and light- Total 732 10,797 10,741 788 

emitting diodes 3,891 3,383 | 19809. TT a OO —— 

Photodetectors and 97.0% to 99.9% 16 117 110 23 
solar cells 2,178 2,768 | — 

a 99.99% to 99.999% 36 10 36 10 
Integrated circuits: NN, 
TL 99.9999 % 359 6,146 6,151 354 
Analog 2,320 564. | 

OT 99.99999% 377 3,213 3,370 220 
Digital 829 1,520 | —WVJTY ——_ —_—— ————— — 
a Total 788 9,486 9,667 607 

: Research and development 1,235 TT TTT aoc 
a Consumers only. 

Specialty alloys 83 110 

Other 205 108 

Total 10,741 9,667 

"Includes gallium metal and gallium compounds. TABLE 4 

U.S. IMPORTS FOR CONSUMPTION OF GALLIUM 
PRICES (UNWROUGHT, WASTE AND SCRAP), BY COUNTRY | 

1988 1989 
. . Country Vince ONT Quoted prices of gallium metal have Kilograms Value Kilograms Value 

not changed since 1986. Yearend prices | Canada 177 $50,046 _ _ 

for gallium quoted in the American | France 4,923 1,923,249 8,266 $3,152,094 
| wctal Manet were as follows, in dol- | Germany, Federal Republic of 1,129 378,165 3,825 1,320,316 

ars per Kilogram: Italy 294 65,834 = - 
Japan 51 29,185 126 122,815 

Gallium metal, 99.99999%- Mexico | 17 7,299 — _ 
pure, 100-kilogram lots $525 | Netherlands _ _ 39 8.225 

Gallium metal, 99.99%-pure, Q@incannera _ _ 
100-kilogram lots 435 Singapore 91 23,960 

Gallium metal, 99.9999%- Spam i 4,795 7 _ 
pure, imported $460- 490 | Sweden — — 23 13,560 

Gallium oxide, 99.99%-pure 435 | Switzerland 5,423 1,844,675 2,586 898,645 

Gallium oxide, 99.99%-pure, - United Kingdom 44 13,707 419 149,051 

imported 400- 420 Total 12,160 4,340,915 15,284 5,664,706 

Source: Bureau of the Census. 

FOREIGN TRADE 

| | WORLD REVIEW 
Gallium export data were combined TT Ciéz«C—~—S 

with data for other metal exports by the 

Bureau of the Census and could not be The average value of gallium imports Gallium production was estimated to 
separately identified. The Journal of | into the United States in 1989 was $371 | be about 50,000 kilograms in 1989. 
Commerce Port Import/Export Report- | per kilogram. Most gallium was recovered in the Fed- 
ing Services (PIERS) provided some in- Changes in 99.9999%-pure gallium | eral Republic of Germany, France, and 

formation on gallium materials exported | prices from 1960 to 1988 and a brief | Japan. With the opening of Rhone- 
by ship. According to PIERS, about | analysis of the factors that influenced | Poulenc S.A.’s gallium recovery facility 
300 kilograms of gallium in scrap ma- | these changes were included in a Bu- | in Australia, it is expected that Austra- 
terials was exported in 1989, principally | reau of Mines report on nonferrous | lia will become one of the leading 

to Belgium. metals prices.? gallium producers in the next few years. 
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Australia TABLE 5 bounded by an insulation of aluminum 
Rhone Poulenc’s 50,000-kilogram-per- WORLD ANNUAL PRIMARY arsenide. These wires are so tiny, 6 

year gallium extraction plant opened in GALLIUM PRODUCTION million of which would equal the width 
April near Pinjarra, Western Australia. | Cap ACITY,! DECEMBER 31, 1989 of a human hair, that they behave as if 
Crude gallium produced at the plant was they only have two dimensions—length 
shipped to Rhéne-Poulenc’s refinery in (Kilograms) and width. These are precursors of a 
France for production of 99.9999%- and new family of components that would 

99.99999%-pure gallium. Feedstock for | North America: United States” 3,000 | lead to even greater miniaturization of 
the Australia plant comes from Alcoa of | Europe: "| COMputer components and electronic 
Australia Ltd.’s alumina refinery nearby. Czechoslovakia 3,000 | equipment, although commercializa- 

France ~~—————. 20,000 | tion of the devices is likely more than 
Canada - Germany, Federal Republic of  ~—«-15,000 | 15 years away. A review of quantum 

In June, Alcan Aluminium Lid. an- ~Huneary OtCSS technology outlines some of the recent 
. ungary 4,000 5 

nounced that the company was with- | ——-—-——____LC- U.S. developments. 
drawing from its gallium operations. _Norway 3,000 Ferranti Instrumentation Ltd. of the 
Alcan owned a 10,000-kilogram-per- Voth 47,000 | United Kingdom announced the devel- 
year gallium purification plant in Swit- | AS opment of an optical communications 
zerland and a 10,000-kilogram-per-year China 8,000 | system for use in battlefield radio com- 
gallium scrap recycling facility in King- Japan 17,000 | munication. The new system, based on 
ston, Ontarice. The company also had Total 25,000 | the use of GaAs laser diodes, would 
planned to construct a 4,000-kilogram- | Oceania: Australia 50,000 | allow users to communicate without 
per-year gallium recovery plant in Jon- World total 125,000 | fear of revealing their position, and the 
quiere, Quebec. ‘includes capacity at operating plants as well as at plants on | SYStem also resists jamming. Testing of 

standby basis. the communications system was per- 
United Kingdom * All U.S. capacity is standby capacity as of Dec. 31, 1989. formed on a military helicopter, and 

Imperial Chemical Industries Ltd. the company claimed that there may be 
(ICI) announced that it would sell its | applications in land- and sea-based 
Wafer Technology subsidiary, which | from a single diode. Instead of creating | military equipment. 
processed GaAs. The company cited | mirrorlike edges when the diode is cut Spire Corp. received several contracts 
the slow progress in developing appli- | from the wafer, the multiple laser diode | from Government agencies in 1989 to 
cations for GaAs because of its cost | uses a specialized waveguide that is | develop new GaAs-based components. 
and the manufacturing complexity. | 1/500th of the width of a human hair. | The company received a contract from 
Earlier in 1989, Plessey PLC, another | This technique allows diodes to be | the National Aeronautics & Space Ad- 
GaAs producer, significantly reduced | made with tightly packed lasers that | ministration to develop an InGaAs 
its activities in the technology. produce a stronger beam. The new | photodetector that is capable of detect- 

diodes may allow integrated circuits in | ing wind-shear conditions and would 
oo sS|s«CShgh-speed computers to relay informa- | be incorporated into a system that can 
CURRENT RESEARCH tion with light instead of wires. be carried on airplanes to monitor air 

OTT a A new transistor that can do the | turbulence. The U.S. Air Force awarded 
work of more than 20 conventional | two contracts to Spire. One contract was 

IBM Corp. reportedly demonstrated | devices was developed at American | to develop a long-wavelength GaAs- 
two experimental GaAs integrated cir- | Telephone & Telegraph Co.’s (AT&T) | gallium aluminum arsenide (GaAlAs) su- 
cuits for sending and receiving data | Bell Laboratories. Two very thin layers | perlattice photodetector for infrared im- 
over fiber optic lines at speeds of 1 | of indium gallium arsenide (InGaAs) | aging applications. The second contract 

billion bits per second. These compo- | clad with 2 aluminum indium arsenide | was for the development of lighter, more 
nents, which contain 50 times more | layers, each 25 atoms thick, creates a | radiation-resistant GaAs solar cell as- 
electronic and optical components than | quantum structure. Although commer- | semblies. In addition, Spire also received 
previously assembled on 1 chip, were | cial manufacture of quantum devices is | a contract from the Naval Weapons Sup- 
designed as precursors to high-speed | years away, AT&T has used the new | port Center for development of GaAs 
optical links between computers. Many | transistor in complex circuits to detect | complementary heterojunction bipolar 
new computer applications, including | transmission errors in digital telephone | technology. 
national economic forecasts and air- | systems. Normally this task requires 24 Varian Associates Inc. reported the 

craft simulations, would be suited for | conventional transistors, but because | development of a terrestrial solar cell 
the new technology because they create | the AT&T transistor can operate in | with a 27.6% solar-to-electric-power 
images composed of billions of data | multiple states, it can function as a | conversion rate, which was the highest 
bits. Sending these images from one | parallel processor, doing several tasks | rate ever reported. The new solar cell 

place to another would require new | at once. | was made with layered GaAs and 
data transmission techniques.* Engineers at the University of Cali- | GaAlAs. Varian also received a $2.6 

Scientists at SRI International an- | fornia at Santa Barbara reported that | million contract from the U.S. Air 
nounced that they fabricated a GaAs | they constructed and tested a lattice of | Force to develop three-junction cascade 
laser diode that emits multiple lasers | quantum wires constructed of GaAs | solar cells with a 30% conversion rate. 

GALLIUM MINERALS YEARBOOK—1989 429



The unit would consist of GaAs sand- | substrate. In the new technique, a dis- At the same time, GaAs components 
wiched between GaAlAs and InGaAs | solvable film of aluminum arsenide is | are still undergoing “head-to-head” 
and would be designed to operate at | deposited directly on a GaAs substrate, | competition with silicon components in 
75° to 100° C.° then the active layers are deposited on | markets in which GaAs had expected to 

Scientists at the University of Cali- | the aluminum arsenide surface. Treat- | replace silicon. Continued developments 
fornia’s Lawerence Berkeley Laborato- | ment with hydrofluoric acid dissolves | in silicon production technology have led 
ries announced the development of a | the aluminum arsenide layer, and the | to the development of more powerful 
new method of GaAs crystal growth | active layers can be separated from the | devices that can compete with GaAs de- 
that significantly reduces crystal de- | substrate, which can be reused. The | vices in these applications and are much 
fects. GaAs crystals were grown in a | active layers can then be transferred to | less costly. This factor also would lead to 
completely sealed crucible that uses | a smooth surface such as a polished | flat or reduced gallium consumption. 
microprocessors to control temperature | silicon wafer. Although many companies are work- 
gradients and growth rates. Using an ing to reduce the cost of GaAs device 
advanced vertical freeze technique, the | ___——C—CtC—(‘C—CSCSSS..__ | prc, improve materials yields, 
researchers produced 2-inch-diameter | QUTLOOK and develop devices for large-scale 
crystals with 5 to 10 times fewer defects | ———~———-—————_Y | commercial applications, it is likely 
than crystals produced by conventional that U.S. gallium demand over the next 
methods. Fewer crystal defects should Nearly all the gallium consumed in | few years will remain at about the same 
result in increased GaAs device yields | the United Sates, and throughout the | level as that in 1989. 
from the crystal. world, is used as gallium compounds, 

Scientists at Bell Communications | particularly GaAs, for optoelectronic 
Research reported using a technique | devices and integrated circuits. The ! Henderson, B. W. Harris Unit Develops Advanced 
called epitaxial lift-off to produce thin | technology to produce these devices is | GaAs Facility to Supply MMIC’s to Military. Aviation 
layers of GaAs that can be separated | still developing and a significant portion | Week & Space Technol., v. 130, No. 17, Apr. 24, 1989, 
from the substrate on which they are | of the funding for research and develop- | PP. 101-103. | | 
grown and transferred to another ma- | ment is provided by the Department of | “Aviation Week & Space Technology. Bubble Memo- 

. : . . ry’s Ruggedness Revives Interest for Military Use. V. 
terial. In normally produced GaAs op- | Defense. If total defense funding is cut | 139 No. 3, Jan. 16, 1989, pp. 52-55. 
toelectronic devices, over 90% of the | back, as has been anticipated in view of 3 Bureau of Mines. Nonferrous Metals Prices in the 
device is present to mechanically sup- | recent world events, it is likely that fund- | United States Through 1988. Spec. Publ., 1989, 135 pp. 
port the thin active layer. By separating | ing for GaAs device development will be *Photonics Spectra. IBM Photonics Chips Link 
the active layer from the support, GaAs | reduced. With slower technological ad- | Computers. V. 23, No. 10, Oct. 1989, pp. 36-38. 
optical devices can be combined with | vancements, penetration of GaAs de- | __ Bylinsky. G. A Quantum Leap in Electronics. For- 
silicon-based integrated circuits, virtu- | vices into new applications would be ae 119, No. 3, Jan. 30, 1989, pp. 113-120. | 

. . «we i . viation Week & Space Technology. USAF Funding 
ally eliminating difficulties surround- | greatly reduced, and consumption would | rep Design More Efficient Solar Cells. V. 130, No. 15, 
ing the growth of GaAs on a silicon | remain flat or may decline. Apr. 10, 1989, pp. 81-85. 
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By Gordon T. Austin | 

Mr. Austin, a physical scientist with over 30 years industry and Government experience, has been the gem stones 

commodity specialist since 1986. Mr. William Field, mineral data assistant, prepared the domestic production survey data. 

he value of production of nat- | untary survey of U.S. operations, and | Tennessee for freshwater pearls and Ar- 
ural gem materials in the | from Bureau estimates of unreported | kansas for quartz). Other States pro- | 

; United States during 1989 de- | production. Of the approximately 358 | duced a variety of gem materials. Ari- | 
creased slightly to $42.9 mil- | operations surveyed, 82% responded, ac- | zona produced the greatest variety of | 

lion. The materials produced included | counting for about 95% of the total | gem materials. Production included ag- ! 
faceting rough, lapidary rough, carving | production, 92% of the natural produc- | ate, amethyst, antlerite, azurite, chryso- 
material, specimen material, natural | tion, and 100% of the synthetic and | colla, fire agate, garnets, jade, mala- 
and cultured freshwater pearls, mother | simulant production. chite, obsidian, onyx, peridot, petrified | 
of pearl, agatized coral, and coral. The 358 operations surveyed in 1989 | wood, precious opal, shattuchite, smith- | 

The reported combined production | were an increase of about 19% com- | sonite, and turquoise. California, Idaho, | 
value of synthetic and simulant materi- | pared with the number of operations | Montana, and North Carolina also pro- | 

als was $18.8 million, about a 15% | surveyed in 1988. The response rate was | duced a variety of gem materials. North | 
increase over that of 1988. Synthetic | essentially the same as that of 1988. | Carolina was the only State to have ever 
gems are manmade and have essentially | The Bureau estimated the production | produced all four of the major gems: | 
the same optical, physical, and chemi- | by nonresponding operations, by pro- | diamond, emerald, ruby, and sapphire. | 
cal properties and the same appearance | fessional collector, and by amateur or The average production value of nat- | 

as the natural gem that they represent. | hobbyist collectors. The basis for these | ural gem materials for the past 10 years | 
Synthetic gem materials produced in | estimates were information from pub- | was $12.5 million a year, with a high of | 
the United States include alexandrite, | lished data, conversations with gem | $43.5 million in 1988 and a low of $6.9 
coral, diamond, emerald, garnet, lapis | and mineral dealers, analyses of gem | million in 1980. The value of produc- | 
lazuli, quartz, ruby, sapphire, spinel, | and mineral shows and sales statistics, | tion for the past 10 years must be | 
and turquoise. Simulants are manmade | and from information informally sup- | separated into two trends. The first 
gem materials that have an appearance | plied by collectors. The Bureau is to- | trend was the period between 1979 to 
similar to that of a natural gem mate- | tally dependent on the cooperation of | 1985, during which time approximately 
rial but have different optical, physical, | the producers, brokers, dealers, and | 24 operations reported production. | 
and chemical properties. The gem sim- | collectors for the formal voluntary sur- | Production averaged $7.5 million a | 
ulants produced in the United States | vey and the informal surveys. Individ- | year and was generally level. During the 
include coral, cubic zirconia, lapis la- | uals and companies have been very | second trend, 1986 to the present, pro- | 
zuli, malachite, and turquoise. Addi- | cooperative and forthcoming with in- | duction averaged $24.2 million and was | 
tionally, certain colors of synthetic sap- | formation. The Bureau is very appre- | the result of an increase of 1,392% in | 
phire and spinel, used to represent | ciative of this cooperation. the number of producers surveyed. | 
other gem stones, would be classed as The reported production value of 

simulants. Colored and colorless vari- | _.-— —CsC—CSC‘CSCSCSS__ |) Sr_nthetic and simulant gem materials | 
eties of cubic zirconia are the major | PRODUCTION was $18.8 million in 1989. The reported 
simulants produced. a _€£_—_{__| value of production increased 15%; 

Wholesale and retail outlets, gem however, the quantity of materials pro- 

and mineral shops, gem and mineral Each of the 50 States produced at | duced was significantly greater. A shift 
shows, cutting factories, and jewelry | least $1,000 worth of gem materials. | in the types of materials produced, 
manufacturers were the major purchas- | Ten States accounted for 95% of the | primarily a change from colored cubic 
ers of domestic gem materials. total value of natural gem material | zirconia to colorless cubic zirconia, re- 

produced. The States, in order of de- | sulted in the production of lower val- | 
SoS s lining value of production, with their | ued material. Thirteen firms, five in | 
DOMESTIC DATA 1988 standing shown in parenthesis, | California, four in Arizona and one | 
COVERAGE were Tennessee (1), Arkansas (4), Cal- | each in Massachusetts, Michigan, New | 

—CS|siffornia (2), Arizona (3), Montana (5), | Jersey, and Ohio, produced synthetic | 
Nevada (12), Oregon (6), North Caro- | and simulant gem material. The six | 

The Bureau of Mines estimates of U.S. | lina (7), Maine (16-17), and Utah (10). | States, in order of declining value of | 
production were from the “Natural and | Certain States were known for the pro- | production were Massachusetts, Cali- | 
Synthetic Gem Material Survey,” a vol- | duction of a single gem material (i.e., | fornia, New Jersey, Michigan, Ohio, | 
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and Arizona. Friends of the Crater of Diamonds, have | ored beryl was found at the company’s 
Dia Em Resources Ltd. and LKA | promised to sue to stop the testing. Bennett Quarry near Buckfield, ME. 

International Inc. completed the evalu- In June, the U.S. Forest Service held | The large crystal produced about 23 kilo- 
ation of their Rist and Ellis Emerald | the first ever bid opening for quartz | grams of varying sized blocks of gem 

Mines at Hiddenite, NC, in 1988, and | mining parcels in the Ouachita Na- | rough for the company’s gem inventory. 
disposed of the property in 1989. | tional Forest. A total of 76 bids, worth American Pearl Farms of Tennessee 
LKA’s plans to sell the two largest | more than $25,000, were received on 84 | completed its third significant harvest 
emerald crystals ever found in the | parcels. The successful bids covered | of cultured freshwater pearls. Ameri- 
United States, the 1,438-carat Stephen- | only 46 of the 84 parcels, representing | can currently has five pearl farms un- 
son and the 1,686.3-carat LKA crystal, | about 522 hectares (1,289 acres) valued | der operation and purchased additional 
have not been successful to date. at $18,464. The parcels ranged in size | water acreage for a sixth farm to be 

Crystal Exploration Inc. of Denver, | from about 4 hectares (10 acres) to | established during 1991. The new farm | 

CO, a subsidiary of Restech Interna- | about 32 hectares (80 acres). A success- | will be nine times larger than the exist- 
tional Ltd. of Sydney, Australia, con- | ful bidder will be issued a 5-year con- | ing farms. 
tinued exploration for diamonds on | tract on the parcel and will be required Pala International reported the dis- 
mineral leases in Michigan. It pur- | to pay an annual fee to retain the | covery in May of the largest gem pocket 

chased the leases from Dow Chemical | contract. The revenues generated by the | found at the Himalaya Mine during the 
Co. in 1988. Crystal took advantage of | program, bids, and annual fees will be | past 12 years. The pocket was approxi- 
the north-central U.S.’s cold winter | divided equally between the Federal | mately 0.7 by 1 by 3.7 meters and 
weather to explore for diamonds on the | and State Governments. The State plans | yielded about 500 kilograms of tour- 
frozen grounds of swamps in Michigan | to return its share to the county con- | maline. Approximately 50% of the ma- 
and Wisconsin. taining the lease parcel. terial was suitable for carving or cabo- 

Amselco Exploration Inc., a subsid- Mines in southern Oregon continued | chons, with less than 1% suitable for 
lary of British Petroleum Co. of Canada, | to produce a large amount of gem | faceting. The Himalaya Mine is in the 

and Exmin Corp., a subsidiary of the | Labradorite. Production included both | Mesa Grande District of San Diego 
Belgian company Sibeka (Societe d’En- | material that contained schiller, com- | County, CA. 
treprises et d’Investissements S.A.), con- | monly known as sunstone, and non- 
tinued exploration for diamonds on | schiller material, called helidorite by | == 
leased lands in Michigan and Wisconsin. | some. The Ponderosa Mine furnished | CONSUMPTION AND USES 
Exmin also continued diamond explora- | the material to cut an extremely fie || _—@#27-7777777________— 
tion efforts in Minnesota. bright red color stone of over 10 carats. 

Three firms continued their diamond | The mine at Opal Buttes in Morrow Consumption of domestic gem ma- |. 
exploration project in the State Line dis- | County continued to produce several | terial production was in the commercial 
trict on the Colorado-Wyoming border. | varieties of very high-quality opal. and amateur manufacture of jewelry, 

The Arkansas State Parks, Recre- Hobbyist and commercial produc- | for exhibit in gem and mineral collec- 

ation, and Travel Commission voted 12 | tion of sapphire in Montana increased | tions, and for decorative purposes in 
to 0 to enter a cooperative agreement | significantly during the year. Improve- | statuettes, vases, and other art objects. 
with four mining companies to under- | ments in the techniques for heat treat- | Some industrial applications requiring 
take a testing program at Crater of | ing the material and better commercial | clean homogeneous stones used low- 

Diamonds State Park. Their vote en- | acceptance of the Montana sapphires | quality gem diamond. 
acted the recommendation of the Dia- | were the major reasons for this in- Industrial uses of tourmaline include 
mond Mining Task Force. The program | crease. The increase in production oc- | asimple laboratory instrument to show 
will decide if commercial diamond | curred at all three of the major produc- | the polarization of light, as a material 

mining at the park would be feasible. | ing areas, the Missouri River, Rock | to measure the compressibility of flu- 
The four companies will pay for the | Creek, and Yogo Gulch. ids, and in gages for measuring high 
testing, plus any litigation costs. Each Plumbago Mining Corp. of Rum- | pressures. Mortar and pestle sets, knife 
firm also will appoint a representative | ford, ME, mined amethyst for the en- | edges for balances, textile rollers, and 

to a technical advisory team that will | tire permitted mining season, June | spatulas are some nongem uses of ag- 
manage the testing. The four firms are | through September, at the Sweden, | ate. The manufacturing of jewel bear- 
(1) Continental Diamonds, a joint ven- | ME, property of the Saltman family. | ings for timing devices, gages, meters, 
ture between Continental Diamonds | Gems & Gemology reported produc- | and many other types of instruments 

Inc. and Galactic Resources Ltsd., (2) | tion was about 2,270 kilograms, of | requiring precision elements used natu- 
Diamond Development Co., a equal | which most was specimen quality. An | ral gem material. These uses are now 
ownership joint venture between Sun- | officer of Plumbago reported the cut- | mostly supplied by artificial and syn- 
shine Mining Co., Rhombus Inc., Ex- | ting of a 12-carat stone from material | thetic crystalline materials. 
diam Inc., and Boulle Partnership, (3) | from the mine and that some material The uses of synthetic and simulant 
Capricorn Diamonds Ltd., and (4) | recovered would yield stones as large as | gem crystals include applications in fre- 
Kennecott Inc. The testing would cost | 20 carats. quency controllers, polarizers, transduc- 
about $350,000 and would include Sugar Hill Minerals reported the re- | ers, radiation detectors, infrared optics, 
drilling about 30 core holes. Two envi- | covery of the largest gem morganite ever | bearings, strain gages, amplifiers, lasers, 
ronmental groups, the Sierra Club and | found in North America. The rose col- | lenses, crucibles, and many more. A 
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recently developed use is as connectors | sumption increased about 214% over | and IF through VS2 clarity) of a 1-carat 

for optical fibers. the 8 years. diamond fluctuated between $7,256 

The estimated value of U.S. apparent Estimates of U.S. diamond jewelry | and $7,202 and was $7,044 at yearend. 

| consumption was a record high $3,711 | sales by jewelers were $11.6 billion dur- | The average value per carat of all 

million, but only a slight increase over | ing 1989, up slightly from the $11.3 | grades, sizes, and types of gem-quality 
that of 1988. The average annual esti- | billion in 1988. diamond imports was $408, a 9% in- 
mated consumption for the past 10 crease compared with that of 1988. The 

years was $2,737 million, witha high of | ___———C—C‘“C;CSCSCSCC__ | average value of diamond imports for 

$3,711 in 1989 and a low of $1,642 in | PRICES the past 10 years was no a caral, with 
1982. The trend for estimated consump- | ———-----_---_—_-_ | a high o in and a low of 
tion for the past 10 years was one of $353 in 1984. The trend for the average 
continued growth with about 199% total Demand, beauty, durability, rarity, | annual value of diamonds imported for 
increase or an annual compounded | freedom from defects, and perfection | the past 10 years was one of general 
growth rate of about 13%. of cutting determine the value of a gem | decline from the 10-year high in 1980 to 

The value of U.S. estimated apparent | stone. But the major factor in estab- | stable prices in 1986, 1987, and 1988, 
consumption of diamonds increased | lishing the price of gem diamond is the | followed by the 1989 increase. 
slightly to $3.1 billion. The average an- | control over output and prices as exer- The average yearend wholesale pur- 
nual value of apparent consumption of | cised by the Central Selling Organiza- | chase price of a fine-quality 1-carat 
diamonds for the past 10 years was | tion’s (CSO) Diamond Trading Co. | ruby, paid by retail jewelers on a per 

$2,158 million, with a high of $3,115 | Ltd. The CSO is a subsidiary of De | stone or memo basis, was $3,500, un- 

million in 1989 and a low of $1,642 | Beers Consolidated Mines Ltd. changed from 1988. The average value 
million in 1982. The trend for the value The average U.S. wholesale asking | of ruby imports increased 9% to $33.75 
of apparent consumption for the past 10 | price of the top 25 grades (D-H color | a carat. The average annual value of 

years was one of significant increase. The | 
value of apparent consumption of dia- TABLE 1 
monds increased 216% over the period. 

The 1989 estimated apparent con- PRICES OF U.S. CUT DIAMONDS, BY SIZE AND QUALITY 

sumption of colored stones, led by em- | : 
erald,ruby,andsapphire, wasvaluedat|~—————“‘i‘_S—~—<‘<‘<;73}HhC<CS*é‘ié;i;é;éis;S)””:é«é ce ange!!! 
$406.9 million, an increase of 31%. svciskt Description. (GIA terms) per carat’ 1090 July 1989 
The annual average value of consump- Jan. 1989-Jan. 

tion of colored stones for the past 8 | 0.25 G VS1 $1,300-$1,400 $1,400 

years was $316.0 million, with a high of |  .25 G | VS2 1,100- 1,200 1,200 
$406.9 million in 1989 and a low of | 25 G SI 880- 970 970 
$252.4 million in 1982. The trend for | ~55.. ~~ HO ~vSi.~”~”~S™O”””—~C«“WS“SAOO='1,200.~SO:”~C«Y 200 
apparent consumption of colored 25.” ©)6©||dw HO WS2—~i‘“‘i«t;*‘zX;COOO='*2=«CKD”””~”~”~!~«~SC«SN’SC*; 

stones for the past 8 years was one of 3500 S”SiSECiSSt*~CSsSsSSO 

fluctuating increases and decreases, but so GW 5002 2.700—~CSCS*S«S «900 
the general trend was one of increased | -—WW@WT tT 

consumption. 00 GS 2 00= 2,500 2,600 
The estimated apparent consump- | 39 = GS 92,300 2200 

tion of pearls—natural, cultured, and | _-5° Hi VS] 2,300- 2,600 2,600 
imitations—was $146.9 million, a de- | _.50 "H VS2 2,100- 2,400 2,400 
crease of about 18% from 1988. The | .50 H SI 1,800- 2,100 2,100 

value was about 53% greater than the | .75 G , VSI 2,900- 3,500 3,300 

8-year low in 1982, but was about 18% | 75.  =§$G vS2..2,700- 3,200 3,000° 
less than the 8-year average of $178.9 | 75 °° &«28G.®©68§6SHR..).)) 26300- 2,800  . . }§©2,600. 

million a year. | "BSE 2,600- 3,000 S~«2, 900 
synthetic and itation gem materials | —° H vs2 2,300 2,700 2,600 i NE I 

| decreased about 49% to $43.7 million. SMS P1000 2,500 2,400 
Average apparent consumption of syn- oO GCS 600-4600 4600 
thetic and imitation gem materials for | 100. = GCS D400 4, 100 
the past 8 years was $50.3 million per | !-00 G sil 3,500-_ 3,500 3,500 
year, with a high of $109.1 million in | 1.00 H VS! 4,100- 4,100 4,100 
1987 and a low of $13.9 million in | 1.00 H VS2 3,600- 3,600 3,600 
1982. The trend for apparent consump- | 1.00 H Si 3,200- 3,200 3,200 

tion for the past 8 years was one of ' Gemological Institute of America (GIA) color grades: D—colortess; E—rare white; H-I—traces of color. 

generally strong growth until the signif- aaa ee blemishes: VVSi—very, very slightly included; VS—very slightly included; VS2—very slightly included, but not visible; 

icant decrease in 1989. Even with the 3 Yoweler’s Circular Ke stone V. 161, No. 3, Feb. 1990. 

1989 decrease, annual apparent con- | ‘Jeweler’s Giroular Keystone V. 159, No. 2, Sept. 1989. 
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ruby imports for the past 8 years was | sulting in the 1989 average value being | natural gem stones was $39.4 million, | 
$25.33 per carat, with a high of $34.04 | about 55% greater than the 1980. with a high of $68.5 million in 1988 
in 1982 and a low of $16.42 in 1984. and a low of $27.7 million in 1984. The 
The trend for the value of ruby imports 8-year trend for the value of exports for 
for the past 8 years was one of rapid | FOREIGN TRADE these types of gem materials was one of 
decline, 52% for the period from 1982 | -------__—_ | increases and decreases, but ultimately 
to 1984. This was followed by a steady, resulting in a significant total increase 
moderate increase of 16% per year. The export value of gem materials | of 131% for the period. 

The average yearend wholesale pur- | increased 17% to $1,180 million, a Exports of synthetic gem material 
chase price of a fine-quality 1-carat | record high. The quantity of diamonds | increased by 667%, to $46.0 million. 
sapphire, paid by retail jewelers on a | exported increased 17% to 692,588 car- | The average annual value of exports for 
per stone or memo basis, was $1,400, | ats, and the value of diamond exports | the past 8 years was $15.6 million, with 
unchanged from 1988. The average | increased about 20% to $1,086.6 mil- | a high of $46.0 million in 1989 and a 
value of sapphire imports increased 5% | lion. The average annual quantity of | low of $6.0 million in 1987 and 1988. 
to $24.28 per carat. The average annual | diamonds exported for the past 10 | The 8-year trend for the value of ex- 
value of sapphire imports for the past 8 | years was 369,264 carats, with a high of | ports was one of extreme decline, 52%, 
years was $23.43 per carat, with a high | 590,412 in 1988 and a low of 184,871 in | for 1982-83, followed by steady mod- 
of $27.97 in 1987 and a low of $18.50 | 1982. The trend for the quantity of | erate growth of 62% over the next 5 
in 1984. The trend for the value of | diamonds exported for the past 10 | years and showing a significant gain in 
sapphire imports for the past 8 years | years was one of moderate decline, the last year. 
was one of fluctuating increases and | 13%, during the first 4 years, followed Export of natural, cultured, and im- 
decreases. The 8-year period ended | by significant growth, 219%, from | itation pearls, not set or strung, in- 
with the 1989 value slightly below the | 1982 to 1989. The average annual value | creased about 55% to $3.4 million. 
1982 value. of diamond exports for the past 10 Reexports of gem material decreased 

The average yearend wholesale pur- | years was $521.6 million, with a high of | 24% to $293.2 million. The quantity of 
chase price of a fine-quality 1-carat | $908.9 million in 1988 and a low of | diamonds reexported decreased about 
emerald, paid by retail jewelers on a per | $292.8 million in 1982. The trend for | 77% to 0.4 million carat, the lowest 
stone or memo basis, was $2,750, an | the value of diamond exports for the | amount in the past 10 years. The value 
increase Of 6%. The average value of | past 10 years was one of significant | of diamonds reexported decreased 
emerald imports decreased 23% to | decline, 113%, over 4 years, followed | about 51% to $157.1 million. The av- 
$61.00 per carat. The average annual | by a moderate growth of 32% in 3 | erage annual quantity of diamonds re- 
value of emerald imports for the past | years, and then a significant growth of | exported for the past 10 years was 1.8 
10 years was $56.47 per carat, with a | 136% over the last 3 years. This re- | million carats, with a high of 3.0 mil- 
high of $78.79 in 1988 and a low of | sulted in record exports in 1989. lion carats in 1981 and a low of 0.4 
$35.06 in 1984. The trend for the value The export of other precious stones, | million in 1989. The 10-year trend for 
of emerald imports for the past 10 years | cut but unset and other than diamonds | the quantity of diamonds reexported 
was one of fluctuating increases and | and pearls, decreased about 36% to | was highly mixed. The period started | 
decreases from 1980 through 1984. A | $43.6 million. The average annual ex- | with 2 years of extreme increase, 171%, 

| steady moderate growth followed, re- | port value for the past 8 years for these | followed by 3 years of moderate de- 

cline, 37%, followed by 3 years of 
essentially stabile reexports, and then | — 

TABLE 2 | the most recent declines in 1988 and 

1 1989. The average annual value of re- 
PRICES OF U.S. CUT COLORED GEM STONES, BY SIZE exported diamonds for the past 10 

years was $285.0 million, with a high of 
Average price $412.8 million in 1981 and a low of 

Carat Price range per carat* $157.1 in 1989. The 10-year trend for Gem stones . per carat TT  ———eo . 
weight in 19892 Jan. Jan. | the value of reexports was one of in- 

9 Crease, 4%, for 1980-81, moderate de- 
Amethyst 1 $6- $18 $8.00 $13.00 | cline, 55%, the next 4 years, followed 
Aquamarine I 100-250 175.00 175.00 | by 3 years of significant increase, 72%, . 
Emerald 1 1,900-3,500 2,400.00 2,750.00 | and then the major decrease in 1989. 

Garnet, tsavorite 1 500- 800 950.00 650.00 | The value of 1989 reexports was 61% 
Ruby 1 3,000-4,000 3,000.00 3,500.00 | less than that of 1980. 
Sapphire = 1 800-2,000 1,050.00 1,400.00 The reexport of natural gem materi- 
Tanzanite #8 J 250- 350 35400 300,00 | als, cut but not set, other than dia- 
Touareg, | monds and pearls, decreased about 
opaz 1 6 12 7.50 9.00 sate 

Tourmaline, red 60- 125 92.50 92.50 | 22/0 to $4.6 million, a record low for 
aa. || thie 8-year period for which data were 

2 Jewelurs’ Chrcular-Keystone V. 161, No. 3, Mar. 1990, p. 190. These figures represent a sampling of net prices that wholesale colored available. The average annual value of 

stone dealers in various U.S. cities charged their cash customers during the month for fine quality stones. reexpor ts for the past 8 years waS $33 0 
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million, with a high of $55.1 million in | the past 10 years was of strong growth | decreases resulting in a 44% increase 
1988 and a low of $4.6 million in 1989. | and increases. The value at the end of | for the period. 
The 8-year trend for the value of reex- | the period was 203% greater than at the The value of ruby imports increased 
ports was one of alternating decreases | beginning. 16% to 83.4 million, the fourth highest 
and increases. The value of imports of other gem | value for the past 10 years. The average 

The reexport of natural gem materi- | materials, led by emerald, ruby, and | annual value of imports for the past 10 
als not cut or set, other than diamonds | sapphire, was $756.4 million, about the | years was $75.8 million, with a high of 
and pearls, increased about 473% to | same as those of 1988. Emerald im- | $93.8 in 1981 and a low of $58.7 in 

$127.3 million. The extremely large in- | ports increased about 19% to 207.5 | 1987. The 10-year trend for import 

crease was most likely the result of | million. The average annual value of | values was one of extreme fluctuations. 
reexporting colored stones to world- | emerald imports for the past 10 years | The period ended with values having 
wide cutting centers for cutting and | was $149.8 million, with a high of | increased 42% from the 10-year low, 
reexport to the United States as fin- | $207.5 million in 1989 and a low of | but still 11% below the high for the 
ished gems. The average annual value | $120.8 million in 1982. The 10-year | period. 
of reexports for the past 8 years was | trend for the value of emerald imports The value of sapphire imports in- 
$25.0 million, with a high of $127.3 | was one of fluctuating increases and | creased 23% to $100.0 million, the high 
million in 1989 and a low of $1.3 million 
in 1987. The 8-year trend for the value of 
reexports was one of extreme increases TABLE 3 
and decreases, with the value over the 

period increasing 1,575%. U.S. EXPORTS AND REEXPORTS OF DIAMOND (EXCLUSIVE OF 

Reexports of natural, cultured, and INDUSTRIAL DIAMOND), BY COUNTRY | | 
imitation pearls and synthetic gem ma- 
terials were $3.9 million and $0.4 mil- 1988 1989 
lion, respectively. Country Quantity ~~ Vailue'~ Quantity ..—~—~—~*Vailue!~ 

The value of gem materials imported (carats) (millions) (carats) (millions) 

increased slightly to a record high of | Exports: 

$5,115 million. The value of imported |  Belsitum it” 163,246 $142.4 178,220 $187.1 
gem diamonds accounted for about | Gjoug.sssttS™” 24,104 18.4 24,957 30.0 
85% of the total. The average annual France 7,946 11.4 5,577 11.4 
value of gem material imports for the | —————_____—__- 

eae . Germany, Federal 
past 10 years was $3,661 million, with a Republic of 3.736 47 2,717 4.4 
high of $5,115 million in 1989 anda | —Tockon OO” 92,067 208.1 112,529 234.5 
low of $2,384 million in 1982. . | sal 169,433 137.9 222,424 192.6 

The value of imported gem dia- | —— | 
monds increased slightly to a record | —22P2" 74,966 196.2 65,407 199.7 
high of $4,358 million. The 10-year | _Simsapore 5,135 9.2 3,274 10.1 
trend for the value of diamond imports | _ Switzerland 23,929 141.9 16,800 133.3 
was one of generally steady continuous Thailand 16,082 12.2 39,575 16.4 
growth with an increase of 94% for the United Kingdom 3,641 20.6 7,263 44.6 

period. During the period, the value of Other 6,527 5.9 13,845 22.5 

imported uncut diamonds decreased Total 590,412 908.9 692,588 1,086.6 
44%, while the value of cut stones | Reexports: #8 $= 8 ~ — — — 

imported increased 203%. _ | Belgium 833,081 104.4 101,462 29.7 
The imports of cut diamonds in- —CanadaSt—<CS 5,855 12 765 1 

creased slightly in quantity and value to Chinn 14.009 0.3 677 2) 
8.9 million carats and $3,805.5 million, | ———#——_____ ° " 
respectively. The average annual quan- “Republi Peceral 31,236 26 5,523 0.9 
tity of cut diamonds imported was 6.3 —HoneKone 34.682 19.6 98 157 19.0 
million carats, with a high of 8.9 mil- one Aone , " 
lion in 1989 and a low or 1.3 million | —@%@ 139,684 >0 49,240 3.4 
carats in 1980. The trend for cut dia- | _!smaet_ 137,820 65.9 28,464 21.6 
mond imports for the past 10 years was Japan 114,904 10.2 49,227 71 
one of continued increases; the period Netherlands 89,000 9.4 12,125 3.5 
ended with imports 246% greater than Switzerland 34,234 77.5 25,401 47.4 

at the beginning of the period. The United Kingdom 26,929 12.6 3,188 16.0 
average annual value of imported cut Other 83,026 10.3 53,671 7.4 
diamonds was $2,549.6 million, witha | Torah (t—t~—<it~stsé—s—s~S~SC«S:S 54440 ~ 319.0. 357,900. 157.1, 
high of $3,805.5 in 1989 and a low of | iC... SCOtCSst<CSstt 

$1,256.0 million in 1980. The trend for | 2Less than 1/2 unit. 
the value of imported cut diamonds for Source: Bureau of the Census. 
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TABLE 4 of imports was one of fluctuating in- 

U.S. IMPORTS FOR CONSUMPTION OF DIAMOND, BY KIND, creases and decreases resulting in a 
WEIGHT, AND COUNTRY total increase of 230% for the period. 

Kind, range, and —_ss_____ Ps WORLD REVIEW 
country of origin Quantity Value Quantity Value a 

(carat) (millions) (carat) (millions) | 

Rough or uncut, natural:* Diamond sales by De Beers Consol- 
—Belgtum 305,142 $111.8 57,962 $18.0 | idated Mines Ltd.’s CSO in the second 
Brazil 349,461 10.7 33,709 5-7 | half of 1989 were $1.77 billion. This 
Israel 38,734 8.2 12,979 7.1 | was 24% less than the $2.32 billion for 
Netherlands 57,791 7.9 24,424 11.7 | the first half of 1989 and 10% less than 
South Africa, Republic of 48,515 44.9 9,130 13.8 | for the second half of 1988. Total dia- 
Switzerland 14,307 8.2 12,268 11.9 | mond sales by the CSO were $4.09 

United Kingdom 619,461 317.5 747,397 254.0 | billion in 1989, about 2% less than the 
Venezuela 684 4] 7,275 9 1988 record high of $4.17 billion. Ac- 

Other 210,203 79.3 284,292 999.5 | cording to diamond dealers, the re- 
 JoalSOS*~CS~Sr 844,298 598.6. 1,189,436 506) duced sales were most likely the result 
OT — — — —== = =———— | of a sagging U.S. demand. Estimates of 
Cut but unset, not over 0.5 . carat: the annual world market for diamond 

Belgium ~~ 1,035,452 406.7 1,531,997 962.7 | Jewelry are approximately $40 billion. 
“Bail 34.554 37 39.200 162 The U.S. share of this market dropped 
do ° ” in 1989 from the historical level of 

Canada 9,156 4.1 7,754 >> | about 33% to 29%. The three largest 
_HongKong Cs 285, 268 63.1 101,828 48.1 | consumers are Japan (30%), the United 

India 3,758,747 886.1 3,136,459 792.4 States (29%), and Europe (18%). The 

Israel 1,109,474 532.8 1,784,444 1,104.3 amount of diamonds in the pipeline 

Netherlands : 27,588 26.8 19,227 24.1 | between the CSO rough sales and the 
South Africa, Republic of 5,532 5.1 10,707 15.7 | retail purchaser is of equal importance 

Switzerland 76,169 36.8 41,986 75.6 | to the CSO sales. Estimates of the 
United Kingdom —™S 23,406 22.9 37,581 37.3. | material in the pipeline in 1989 were 
Other 160,707 37.9 138,808 57.9 | about $15 to $18 billion, measured at 
Total 6,526,053 "2,036.0 6,849,991 3,138.9 wholesale polished prices, or 2.5 years | 
OO es ———— ——— | of sales. Sales of colored gem stones 
Cut but unset, over 0.5 carat: : 

OO remained very strong. 
_Belgume 709,527 578.9 266,164 99.0 Natural diamond production occurs 
_Hong Kong. 59,949 40.1 68,930 19.5 | in Africa, Asia, Australia, and South 

India 386,422 111.3 1,176,503 312.0 America. The principal producing lo- 

Israel 906,752 675.2 318,288 178.5 calities are as follows: in Africa— 

Netherlands 7,859 12.9 4,809 10.5 | Angola, Botswana, Namibia, the Re- 

South Africa, Republic of 22,762 40.6 1,245 4 | public of South Africa, and Zaire; in 

Switzerland 24,281 95.1 21,420 13.4 | Asia—the U.S.S.R. (Northeastern Si- 
United Kingdom” 17,546 45.3 11,116 g.2 | beria and in the Yakut, A.S.S.R.); in 
Other 92,028 81.8 151,614 251 Australia; and in South America— 
foal SSsS~*~=<C~*s‘sS*S*™~S::SC«iizDT 126 1,681.2 2,020,089 666 Venezuela and Brazil. 

oleh; _ ODDS OO OOO sss 50.0 I Foreign countries in which major gem 
Customs value. . . 

Includes some natural advanced diamond. stone deposits (other than diamond) Oc- 

Source: Bureau of the Census. Cur are Afghanistan (beryl, kunzite, 

ruby, tourmaline); Australia (beryl, opal, 
sapphire); Brazil (agate, amethyst, beryl, 
kunzite, ruby, sapphire, tourmaline, 

value for the past 10 years. The average | at the beginning and at the high for the | topaz); Burma (beryl, jade, ruby, sap- 
annual value of sapphire imports for | period. phire, topaz); Colombia (beryl, sap- 
the past 10 years was $78.7 million, The value of imported gem materials | phire); Kenya (beryl, garnet, sapphire); 
with a high of $100.0 million in 1989 | other than diamond, emerald, ruby, | Madagascar (beryl, rose quartz, sap- 
and a low of $50.3 million in 1980. The | and sapphire decreased 15% to $365.5 | phire, tourmaline); Mexico (agate, opal, 
10-year trend for the value of imports | million. The average annual value of | topaz); Sri Lanka (beryl, ruby, sapphire, 
was one of extremely fluctuating in- | imports was $314.7 million, with a high | topaz); Tanzania (tanzanite, garnet, 
creases and decreases. The period | of $429.5 in 1988 and a low of $110.6 | ruby, sapphire, tourmaline); and Zambia 

ended with the value 96% greater than | in 1980. The 10-year trend for the value | (amethyst, beryl). 
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Angola TABLE 5 

Endiama, the Government-owned and |__,§. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS AND 
operated diamond mining company, sold SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, 
over 1 million carats of diamonds in BY KIND AND COUNTRY 
1989 valued at about $200 million. But 
when diamonds taken in UNITA raids | —— >” OOOO 
and smuggling are considered, the coun- Kind and _—__5 __ —_08? 
ty’s production was most likely nearly country carats) (millions) ‘oarats) millions) 
double the official sales. UNITA repre- Emeulde 
sentatives recently offered $10 million a 
worth of rough for sale on the US. | Begum 11,963 $5.6 10,605 $1.2 | 
market. Brazil 80,199 6.4 80,829 12.8- 

De Beers signed a declaration of Colombia 243,521 63.8 429,390 73.1 

intent with Endiama to help in devel- France 13,817 3.2 5,345 4.0 
oping Angolan diamond deposits. The Germany, Federal Republic | 

agreement, worth $180 million annu- of 34,376 2.4 23,902 3.2 
ally, is for co-operation in prospecting, Hong Kong 135,384 14.7 135,423 18.9 

mining, and marketing. Further discus- India 1,205,636 20.4 2,068,254 25.9 

sions and technical studies, leading to Israel 89,399 24.7 89,559 24.7 

the establishment of a joint venture, are Japan 20,102 1.0 10,178 1.1 

underway. Endiama may start market- | “South Africa, Republic of 4 ?) 146 ?) 
ing a “significant proportion” of pro- | Gyinerlandti(i‘i<=iCS~*t~S 65,021 20.6 60,265 8.6 
duction through the CSO in 1990, mov- TaiwanStt(<CsSstStStstStSS 256 e) 1.681 7 
ing toward an exclusive agreement as “Thailand 216,501 3.8 366,925 5.0 
production increases. It is also the in- | ——HWY__-C 
tentions of the parties to build a dia- | —Umited Kingdom 8,026 2.9 6,187 2.9 
mond sorting building in Luanda in | Other _ LO dt _112,866 __ 5:8 
which to sort Angolan production be- Total 2,215,906 _ 174.6 | 3,401,555 _ 207.5 
fore its sale to the CSO. Ruby: 

Belgium 8,926 1.3 7,760 1.1 

Australia Brazil 4,945 2 8,093 () 
Poseidon Exploration Ltd. pur- Colombia 258 () 337 () 

chased Freeport Bow River Properties | Frncet—“‘i‘ C;i‘:;C™S 5,885 3.4 21,483 3.5 
Inc., the joint venture of Freeport- | ~ Geomany, Federal Republic 
McMoRan Australia Ltd. and Gem of 7 26,530 1.0 20,822 8 
Exploration and Minerals Ltd. The | YWongKong © 47,152 4.6 79,583 6.1 
joint venture owned and operated the | “India i (tti(‘S;S;SC~™*# 318,575 Ll 455,954 1.6 
Bow River alluvial diamond project. | Toy t=<CSCSC‘sS™S*:”S:S 38,593 16 26,326 3.8 

Production from Bow River averages | —272J——— 
20% gem quality, 70% near-gem qual- Sapam 11,972 8 76 a 
ity, and 10% bort. Switzerland 40,183 11.6 70,098 19.7 

Argyle Diamond Mines Pty. Ltd.’s | Thailand 1,822,597 40.5 1,778,218 38.9 
annual diamond production from the | _ United Kingdom 8,443 3.6 3,596 2.9 
AK-1 pipe was essentially unchanged Other 61,703 2.3 73,345 4.6 
at about 34.4 million carats. Argyle’s Total 2,395,322 72.0 2,546,411 83.4 : 

annual production accounted for about | Sapphire: OO 
37% of the world’s production of nat- Australia 2,883 2 30,439 4 
ural diamonds. — Austria. ti(‘éséSOSOS~*~*~™ 603 ?) 377 (?) 

Many firms continued theirdiamond | “Baum tst—(<itits~™S 20,024 9 26,155 2.2 
exportation efforts. Gem Exploration Brazil 9,528 9 8 705 2 

td. reported success in a sampling Canada 16,177 9 5,622 6 
program for the Kununurra Project in | ——H¥W___- 5 
Western Australia, and Terres Re- | Colombia 1,398 © 358 2 
sources NL also worked in the Ku- | France 46,296 2.3 7,825 1.4 
nunurra area. Poseidon-Trian Minerals Germany, Federal Republic 
continued to explore in the Phillips 2 26,750 1.0 31,999 1.4 
Range in Western Australia, as did the | _HomgKong 123,689 5-8 102,671 8.4 
Capricorn Resources, Copperfield, and | India 149488 1.2 112,937 1.0 
Moonstone joint venture. Auridiam- Israel 8,931 1.1 29,535 4.7 
Afro-West worked on its project at Japan 22,662 6 2,532 6 

Mount Wynne in Western Australia, AS | See footnotes at end of table. 
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. TABLE 5—Continued TABLE 6 . 

U.S. IMPORTS FOR CONSUMPTION OF NATURAL PRECIOUS AND VALUE OF U.S. IMPORTS OF 
SEMIPRECIOUS GEM STONES, OTHER THAN DIAMOND, SYNTHETIC AND IMITATION 

BY KIND AND COUNTRY GEM STONES, INCLUDING 
| PEARLS, BY COUNTRY 

Kind and | 1988 | 1989 (Million dollars ') 

country Quantity Value Quantity Value 

. , , (carats) (millions) (carats) (millions) Country. ~~~«*1988.~~”~«4:989 

Sapphire—Continued Te a 

Korea, Republic of 6,438 9) 9,024 (*) Synthetic, cut but_unsets 
IO Austria 2.0 3.7 

Singapore 4,705 $.2 481 (7) a 
So France 6 4 

Sri Lanka 39,259 2.4 63,184 $4.1 TT 
—_—. T_T Germany, Federal 

Switzerland 32,446 10.2 67,086 15.6 Republic of 9.1 9.4 

Thailand 2,878,129 50.2 3,576,666 S51 | Japan —~«ST 0.4 
United Kingdom 10,102 2.9 9,435 2.5 | Korea, Republicof——8.1 43 

Other 110,301 14 __ 34,348 __16 | — Switzerland 6.0 3.8 
Total 3,509,809 81.5 4,119,379 100.0 | Other 56 14 

Others Total 33.5 29.4 
Rough, uncut: , Imitation. 8288 — 

Australia 9 14 | Auta :~<C~«SWSSC(t:*é«i OC 
— Brahe 29.7 36.0 Czechoslovakia 2.7 3.1 

Colombia 2.4 10.5 Germany, Federal 

Hong Kong 5 2.2 Republic of 6.7 1.6 

Nigeria 2 7 Japan 4.6 4 

Pakistan NA 1.0 NA 1.4 Other 6.2 12.2 

South Africa, Republic of 4.8 2 Total 69.6 57.3 

Switzerland 1.7 1.3 ' Custom value. 

United Kingdom 6 (7) Source: Bureau of the Census. 

Zambia 9 —— 

Other 5.5 Vin 
Total NA 48.2 NA 65.3 

_ Cut, setand unset: | on either side of the Ord rivermouth. 
__ Australia 12.6 ) 10.7 | Quicksilver Resources was seeking in- 

Brazil 18.6 5-0 | vestors to finance the exploration of 
Canada 4 2 three diamond prospects in Western 
China 2.3 1.1 Australia, the Byro Project, Mount | — 
Germany, Federal Edith, and Tier Range. The Mount 
Republic of 15.8 12.2 Gipps Ltd. and Reedy Lagoon Corpo- 

Hong Kong NA 27.4 NA 21.2 | ration NL joint venture will begin drill- 
India 5.1 3.7 ing for diamonds in the Reedy Lagoon 
Japan 144.5 118.3 region of South Australia during 1990. 

‘Switzerland tti(i‘is~™S 31 1.3 Australia held its first culture pearl 
- Taiwan 11.3 1.8 auction in October at Darwin. Long the 

Thailand 142 10.0 leading producer in the quantity of 
TO ODT cultured South Sea pearls, it was time 

United Kingdom 1.7 2.4 . . . 
ee also to claim the title of number one in 

— Other A in7 __ 1-7 | quality. For this reason, the nine pearl 
— Total NAH CNA 203-6 | farms that account for an estimated 
NA Not available. 80% of the production decided to sell 
Customs value. 

1 2 Less than 1/10 unit. the bumper pearl crops at home instead 

Source: Bureau of the Census. of in Japan. The auction was a large 

success with 60 firms worldwide spend- 
ing $33.5 million. The Japanese were 

did Stockdale, a subsidiary of De | Pacific Ltd. explored the Copeon- | the largest purchaser, buying about $23 
Beers, in the Ellendale area. Pemlya | Bingara area of New South Wales. | million.! 
Mines NL and Noranda Pty. Ltd.’s | Cambridge Gulf Exploration NL A new form of gem orthoclase, 
joint venture searched for diamonds in | started a search for diamonds on leases | named Rainbow Lattice Sunstone, was 
the Eastern Pilbara. Cluff Resources | covering about 2,000 square kilometers | discovered in an area known as the 
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TABLE 7 | color is outstanding. The stones de- 

_ U.S. IMPORTS FOR CONSUMPTION OF PRECIOUS AND mand a high price with 30 to 50 point 
SEMIPRECIOUS GEM STONES stones selling for as much as $150 per 

carat and 5-carat stones going for as 
(Thousand carats and thousand dollars) much as $2,500 per carat. 

1988 1989 Canada 

Stones Quantity Value ' Quantity Value! Cameco and Uranerz Exploration 

Diamonds: and Mining reportedly found seven 
— Roughoruncut | 1,644 588,611 1,189 552,557 kimberlite pipes on their joint-venture 

Cutbutunset  =—s—(“<‘;C;*‘*;«*TISB 3,717,151 8,870 3,805,590 | Fort a la Corne property east of Prince 
Emeralds: Cut but unset —s—=<“i*‘~*«é«*WC 174,623 3,402 207,546 | Albert, Saskatchewan. Microdiamonds 

— were found in one pipe. The two firms 

Coral: Cut but unset, and cameos have staked 170,000 hectares for explo- 
suitable for use in jewelry NA 2,967 NA NA : . ’ 

Rubies and sapphires: Cut but unset 5,905 153,552 6,666 183,344 ration in the Fort a la Corne area. 
Marcasites~SC=CS*s=CS 1.299 NA NA Additionally, Uaranerz is acquiring 

an land to the north in the Choiceland- 

Pearlss Snowden-Smeaton area for explora- 
Natural NA 3,389 NA 4,382 | tion. The race to claim land for dia- 
Cultured NA 171,693 NA 144,335 | mond exploration in Saskatchewan is 
Imitation NA 7,198 NA 5,456 | growing. The staking of a 200,000 hec- 

Other precious and semiprecious tare parcel between Prince Albert and 

Stones | Saskatoon increased the total amount 
Rough, uncut NA 48,186 NA 65,298 | of land held for diamond exploration 
Cut, set and unset NA 79,056 NA 55,909 | to 647,000 hectares. Monopros, the Ca- 

Other NA 19,795 NA NA | nadian exploration arm of De Beers, 

Synthetic: started the staking rush in 1988. 

Cut but unset i(i‘é!;~;*;*;*;:*#CB~« 9“ 28,995 99,292 29,368 Corona Corp. discovered kimberlite | 
 Othr NA 4,485 NA 3.441 rocks on the Sturgeon Lake exploration 

“Ymitationgem stone ~O~O~S~S NA 62,404 NA 57,323 property of Claude Resources. A drill 

Tol To 5.063.334 Xxx 5.114.549 intersected kimberlite at a depth of 37 

EE | smeters and was still in kimberlite at 111 

Nene ae XX Not applicable. meters. To date, there is no indication 
Source: Bureau of the Census. that the kimberlite contains diamonds; 

additional work will be necessary to 
determine if diamonds are present. The 

Mud Tank Zircon Field in the Harts | original discovery was made by Miner- | property is located north of Prince 
Range of the Northern Territory. The | acao Piracicaba Ltd., a Brazilian com- | Albert, Saskatchewan. 
material was named for the unique | pany. Glencairn can earn 50% interest 
lattice pattern of aventurescence it dis- | in Piracicaba by investing an additional | Central African Republic 
plays. Inclusions of ilmenite and hema- | $250,000. There are about 25 small A joint venture, founded in 1987 be- 
tite oriented on the crystal lattices | mines operating in the Chapada Dia- | tween Osborne & Chappel Goldfields 
causes this effect. mantina region of Bahia. and Societe d’Enterprise et d’Investisse- 

Heavy rains during the month of Mineracao Tejucana, the joint ven- | ments SA, continued their diamond ex- 
March severely disrupted opal produc- | ture between Sibeka’s wholly owned | ploration program with encouraging re- 
tion from Coober Pedy, Mintabie, and | Sibradiam Participacoes Ltda. and | sults. The joint venture has exploration 
Andamooka. The rains collapsed mine | Union Miniere, produced more than | rights for alluvial diamonds along a 170- 
shafts and flooded tunnels and opencut | 34,000 carats of diamonds and 107 | kilometer stretch of the Mamber River. 

mines. It will take 6 months, and in | kilograms of gold from its dredging | To date, reconnaissance drilling, geo- 

some cases a year, to get back into full | operations on the Jequitinhoha River. | physical testwork, and small-scale bulk 

production. The lost production will | The joint venture operated four dredges | sampling has been completed. 

result in an increase in the price of | on the Lamarao flat and a fifth dredge 
Australian opal. was located outside of the main pro- | China 

duction area. The production of colored gem 
Brazil A discovery of tourmaline of un- | stones increased about 30% in the past 

Glencairn Explorations Ltd. received | usual colors was made in Paraiba. The | year. The five most commonly mined 

a positive feasibility study on the Feijao | material, called “Paraiba” tourmaline, | gem stones were aquamarine, tourma- 
Cru diamond deposit in Bahia. It was | ranged in color from a highly saturated | line, sapphire, topaz, and nephrite 
estimated that production would be | medium bluish green to medium dark | jade. Other gem materials produced 
42,000 to 84,000 carats annually and | blue-green and to a dark blue to vio- | include amazonite, amber, amethyst, 
would average 80% gem quality. The | letish blue. The saturation and depth of | andalusite, aventurine, azurite, bowen- 
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ite, diopside, garnets, jet, kunzite, mal- | for a rough diamond. In February, | its. The mine is located about 30 kilome- 
achite, peridot, quartz, ruby, tur- | Aredor was granted a 405-square-kilo- | ters south of the town of Luderirtz and 
quoise, and zircon.° meter extension to its mining lease. The | will mine and process about 4 million 

Ashton Mining Ltd. of Australia was | new ground is believed to contain high- | metric tons per year during its projected 
granted exclusive exploration, mining, | quality alluvial reserves. 10-year life. Production is scheduled to 
and marketing rights for diamonds in : begin in March 1991. The Auchas Mine 
the Hunan Province. The company will | India along the Orange River will recover 
share equally in any production, proc- During fiscal year April 1, 1988, to | about 40,000 carats per year of large 
essing, and sale of diamonds with the | March 31, 1989, the value of finished | stones. The mine is scheduled to begin 
provincial government. A cutting fac- | diamonds exported increased 75% to | production in July 1990. CDM also is 
tory will be established in Hunan when | $2.95 billion. The value was the great- | undertaking offshore diamond recovery 
diamond production begins. est for any country and accounted for | research at depths of up to 90 meters in 

In Laioning Province, the Wafandian | about 28% of the value of diamonds | its offshore concessions.” 
diamond deposit, potentially the larg- | and 70% of the stones used in diamond The Namibian West Coast Diamond 
est in China, is being developed for | jewelry. The increase was the result of a | Co. started a major exploration pro- 
mining and is scheduled to begin oper- | general increase in demand for dia- | gram in the deep-sea area of its conces- 

| ation in late 1990. Production is fore- | monds, a depreciation of the rupee, | sion. The concession starts about 2 
casted to be 118,000 carats per year. | falling labor costs, and favorable Gov- | kilometers offshore, continues to about 
The Wafandian Mine would be China’s | ernment policies aimed at boosting ex- | 10 kilometers, and is roughly 90 kilo- 
fifth diamond mine, joining the Bin- | ports. India plans to increase its share | meters long. A 250-ton survey and re- 
Hai also in Laioning Province, and the | of the market to near 50% of the value | search vessel was purchased to survey, 
Chang Ma, Tao Cheng, and Linshu | within 2 years. The diamond industry | test, and map the deepwater area. In 
Mines in Shandong Province. employs approximately 1 million skilled | the past 2 years, the company has re- 

: and semi-skilled workers. covered about 26,000 carats of dia- 
Columbia The Indian Minerals Exploration | monds from the concession. However, 

At the Muzo emerald mine in Boy- | Corp. Ltd. and the French BRGM | it is estimated that large-scale commer- 
aca, two major leaseholders, Tecminas | company entered into an agreement to | cial mining of the concession is still 10 
and Coesminas, have begun using | explore for diamonds and develop any | years in the future. : 
shafts and underground tunnels in ad- | commercial deposits discovered in the It was reported that in Swakopmund, 
dition to strip mining to recover emer- | Pana, Krishna, and Vajnakarur areas. | fake diamond octahedra and imitation 
alds. The relative flatness of the Muzo | tsavorite garnet rough were being sold 
mining area and the accumulation of | Israel to gem stone buyers. The fake dia- 
hundreds of years of mine tailings re- Diamond imports and exports in- | monds were made from cubic zirconia 
sulted in limiting access to some areas | creased for the year. Imports increased | and the tsavorites from cut green bottle | 
for production and exploration. The | about 6% to $2.6 billion and exports | glass. 
shafts and tunnels may allow the pro- | were approximately $2.7 billion, an in- 
ducers to relocate some of the old | crease of over 7% compared with that | Sierra Leone | 
production veins and to discover new | of 1988. Approximately 43% was ex- In January, the Ministry of Mines 
productive areas. The tunnels have en- | ported to the United States and about | began issuing export licenses to private 
countered problems both with ground | 35% to the Far East. firms and individuals for the export of 
support and the inflow of water.* Dov Riger of Israel and Tasaki | diamonds. The Ministry granted 26 li- 

Shinju of Japan opened a joint-venture | censes for diamond exporting, 11 of 
Finland automated polishing factory at Beit | which were granted to foreign individ- 

The Finnish Geological Survey (GSI) | Shean, in northern Israel. The factory | uals or companies. Applicants. must 
reported the discovery of a 2,250-carat | employs 30 workers using automatic | pay a fee for the licenses, a fixed fee 
emerald. The totally transparent gem | piermatic polishing machines. The en- | and/or a royalty, post a performance 
was estimated to be valued at approxi- | tire output of the factory is committed | bond of $500,000, and must achieve a 
mately $250,000. The GSI drew up| to the Japanese parent company. | performance goal of exporting 250,000 
plans to intensify the exploration work | Tasaki Shinju has annual sales of about | in diamonds monthly, or forfeit the 
in a 2-hectare area. $200 million. | bond. The new regulations eliminate 

the diamond dealers and recognizes 
Guinea Namibia only two legal players in the diamond 

A 255.6l-carat diamond, recovered Consolidated Diamond Mines of | fields—the miners and the exporters. 
from the Aredor Mine, was purchased | South-West Africa (CDM), the De Beers | The Ministry believes that privatization 
for slightly more than $10 million. At | Consolidated Mines, Ltd. subsidiary | will increase diamond production as 
$39,300 per carat, it was not the highest | that controls the majority of the dia- | well as increasing diamonds sold or 
per carat price ever paid for a rough | mond mining concessions in Namibia, | exported through official markets. 
diamond; a 181.77-carat rough dia- | began development of two new diamond 
mond from Aredor sold for $47,400 per | operations. The Elizabeth Bay operation | South Africa, Republic of | 
carat in 1988. However, the total pur- | will recover about 250,000 carats per year The Kim Diamond Cutting Works, 
chase price was the highest ever paid | of small stones from windblown depos- | currently under construction, will proc- 
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ess 30,000 carats of rough a week. The | Bakwanga (Miba). Miba estimated that | The result is that the cleavages and/or 
cutting factory will employ at least | illegal mining and trafficking of dia- | fractures are less visible and thus the 
1,280 workers. Using local rough, it | monds in the two Kasai provinces cost | appearance and apparent clarity of the 
will process stones from 1 to 30 points | the Government somewhere between | diamond is improved. The treatment can 
for the overseas market. The factory is | $140,000 and $350,000 every month. | be detected using a standard darkfield- 
scheduled for completion by the end of | Tough security measures are difficult to | equipped gemological microscope. The 
April 1990. — enforce because state security men con- | orange and blue flash effects, flow struc- 

A new open pit diamond mine, the | nive with the smugglers, giving them | tures, and flattened, trapped gas bubbles 

Samanda, is being developed in the |- protection as they go about their busi- | evident in the filled areas are easily de- 
Orange Free State Province. The mine | ness. The law allows Zairian nationals | tected. Yehuda also has founded a firm 
is forecasted to begin production in the | the freedom to mine industrial dia- | in the United States that uses a similar 
second quarter of 1990. The developer | monds anywhere in the country as long | procedure to improve the appearance and 
iS apparently a private concern. as the diamonds are sold through | apparent clarity of emeralds.° 

De Beers announced that, in cooper- | Miba. The system is no longer working The technology to improve the ap- 
| ation with Saturn Mining Ltd. of the | because of access to better markets | parent color of diamonds in the very 

Anglovaal group, it will open a new | outside of Miba. light to light yellow color ranges has 
diamond mine on the Venetia farm in A substantial diamond deposit was | been used occasionally to increase the 
The Transvaal. The mine will cost ap- | reportedly discovered at a rubber plan- | value of a stone. The addition of a 
proximately $280 million and will be | tation owned by the Amcit Blattner | grayish or bluish material to the surface 
the largest investment De Beers has ever | family at Kaparata. The plantation was | of “J” or “K’ color stones can give the 

made in a single mine. The mine is | sealed off by soldiers, which denied the | stone the appearance of a “G” color. 
scheduled to begin production in the | owners access. The Blattners may enter | This deceptive treatment could affect 
second half of 1990 at a rate of about 4 | into an agreement with a well-known | the value of a 1.00 carat “VS1” “K” 
million carats per year. diamond firm to exploit the deposit. It | stone by as much as $1,600 by changing 

Gemgold Mining Ltd. commenced | is possible that local residents are dig- | its appearance to that of a ““VS1” “G.” 
mining diamonds from a open pit mine | ging diamonds after gaining access by | The coating may be a fluoride com- 
in the Cape Province. The company | bribing the soldiers that are guarding | pound similar to that used for lens 
expects to produce about 40,000 carats | the plantation. coating in optics. The coating generally 
in 1990 and 100,000 carats in 1991. can be detected by careful examination 

Zambia under 30 to 45 power magnification. 
Tanzania The Government of Zambia central- Miners from Santa Terezinha de Go- 

| Williamson Diamonds Co. received a | ized the future marketing of emeralds | ias, Brazil, developed a new process for 

$4.7 million loan from Willcroft Co. | by allowing the export only of cut and | treating rough and cut emeralds to im- 
Ltd. The funds will be used to modern- | polished stones. Gem-Impex Ltd. of | prove their appearance, similar to the 
ize Williamson’s diamond treatment | Zurich, Switzerland, was appointed the | use of oil and Canada balsam on em- 
plant, which has been in operation for | sole distributor of emeralds cut and | eralds in the past. The treatment is 
over 30 years. The condition of the | polished in Zambia to implement the | based on the filling of the fractures that 
treatment plant has adversely affected | centralization. Gem-Impex will market | reach the surface of the stones. The 
Tanzania’s diamond production for a | Zambian emeralds worldwide for the | stones are cleaned, dried, heated, and 
number of years. state-owned Zambian Emerald Indus- | then treated with a synthetic fracture 

tries Ltd. Zambian Emerald, which op- | sealant marketed under the trade name 
Zaire erates a 50-cutter factory in Ndola, has | Opticon. Individuals in the United 

In April, the Government of Zaire | the exclusive right to cut and polish | States have improved and expanded 
enacted new regulations on the pur- | emeralds produced in Zambia. Produc- | upon the process to include treating 
chase and export of diamonds. The | tion from the Ndola factory was about | stones, primarily cut emeralds, with 
purchasers of artisanal diamonds, | 5,000 carats per month in a variety of | Opticon in a heated vacuum vessel. 
called comptoirs, were required to pay a | shapes and sizes. 

license fee and deposit of $300,000, a 
compared with the old fee and deposit | __._———Ci‘(UUUTCd}W QU TELOOOOK 
of $100,000. Additionally, comptoirs | CURRENT RESEARCH OT a 
were allowed to purchase diamonds in | ——-—- | 
Kinshasa if stones were offered for World demand for gem diamond can 

sale. Because Kinshasa is not an offi- Mr. Zvi Yehuda of Ramat Gan, Is- | be expected to rise because of the rising 
cial buying location, there are not the | rael, developed a new diamond enhance- | average personal income of the popula- 
Same controls that are present in the | ment process. The process improves the | tion of the United States and other in- 
interior where representatives from the | apparent clarity of diamonds by filling | dustrialized countries. Demand is ex- 
National Evaluation Center are re- | surface-reaching cleavages and fractures. | pected to increase because of highly 
quired to be present at all transactions. | The process replaces the air that nor- | effective promotional campaigns. These 

Pilfering and smuggling from the | mally fills the cleavages and fractures | promotions are changing social customs . 
diamond-producing areas was rampant | with a transparent material that has an | in many Far East countries, particularly 
according to the Societe Miniere de | index of refraction near that of diamond. | in the use of diamond engagement rings. 
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TABLE 8 

DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY’ 

(Thousand carats) 

Natural Natural 

Pp - € - Country - — — —— — sya a Syne 

2 Indus- 2 Indus- > Indus- > Indus- > Indus- 
Gem trial Total Gem trial Total Gem trial Total Gem trial Total Gem trial Total 

Angola 464 250 8714 240 10 ‘250 180 10 °190 950 50 °1,000 — 950 50 =: 1,000 — 

Australia 4,242 2,828 7,070 13,145 16,066 29,211 13,650 16,683 30,333 17,517 17,517 35,034 — 17,540 17,540 35,080 — 

Botswana 6,318 6,317 12,635 9,590 3,500°13,090 9,368 3,840 13,208 10,660 4,569 15,229 — 10,676 4,576 415,252 — 

| Brazil 233 217 450 310 315 625 320 «325 645 353 180 533 — 350 #200 550 — 

Central African 
Republic 190 87.277 259 99 358 304 108 412 284 59 343 — 280 60 340 — 

China‘ 200 800 1,000 200 800 1,000 200 800 1,000 200 800 1,000 15,000 200 800 1,000 15,000 

Cote d’Ivoire 

(formerly Ivory 
Coast) * > 15 5 20 10 4 14 i5 6 21 "8 "3 “11 — 11 4 15 — 

Czechoslovakia — — —- - — — — — — — — — — £5,000 — — — 5,000 

France — — — — — — — — — — — — 4,000 — — — 4,000 

Ghana® 60 576 636 88 498 ‘586 65 400 465 165 495 '*’660 — 168 452 7620 — 

Greece — — — — - —- —- ~~ & = ®) °1,000 — — — 1,000 

Guinea® 123 9 132 190 14 204 163 12 175 136 10 146 — *138 ‘410 4148 — 

Guyana‘ 4 7 11 3 6 49 "2 i) 7 1 3 44 — 2 3 5 ~ 

India 14 2 16 13 3 16 13 3 "16 12 3 15 —_— 3 11 14 — 

Indonesia‘ 5 22 27 "6 22 "28 "7 "22 "29 "7 "22 "29 — 7 25 32 — 

Ireland — — —-  — — — — — — — — — *60,000 — —_— — 60,000 

Japan — — _— — — — — — — — — — *25,000 — — — 25,000 

Liberia 66 72 138 63 189 252 60 190 °250 67 100 167 — 68 102 170 — 

Namibia 865 45 910 970 40 1,010 971 50 1,021 901 37 938 — 970 30 §=©1,000 — 

Romania — —_ — — — — — — — — — — £5,000 — — — 4,500 

Sierra Leone> 243 106 349 215 100 315 150 75 225 100 75 °175 — 100 75 175 — 

South Africa, EE 

Republic of: | 

Finsch Mine 1,770 3,184 4,954 1,821 3,208 5,029 1,455 2,701 4,156 1,372 2,548 3,920 — 1,613 2,997 *4,610 . — 

Premier Mine 820 1,864 2,684 882 1,977 2,859 772 1,713 2,485 696 1,543 2,239 — 689 1,526 42,215 — 

Other De 
Beers’ 

properties? 1,500 569 2,069 1,428 529 1,957 1,427 546 1,973 1,388 531 1,919 — 1,360 520 1,880 — 

Other 460 35 495 342 41 383 =©409 30 439 361 65 *°426 — 348 63 411 — 

Total 4,550 5,652 10,202 4,473 5,755 10,228 4,063 4,990 9,053 "3,817 °4,687 *°8,504 '°55,000 4,010 5,106 9,116 60,000 

Swaziland 13 8 21 23 16 39 "48 "32 ‘80 44 29 73 — 33 22 455 — 

Sweden — a _— — — oe ae eae — 25000 — — — 25,000 
Tanzania 165 71 236 133 57 190 105 45 °150 105 45 150 — 105 45 150 — 

U.S.S.R.° 4,400 6,400 10,800 4,400 6,400 10,800 4,400 6,400 10,800 4,500 6,500 11,000 41,500 4,500 6,500 11,000 41,500 

United States — — — — — — — _ — — — — W — — — WwW 

Venezuela 35 180 215 45 189 234 35 63 98 55 53 108 — 55 60 115 — 

Yugoslavia — — — — — — — — — — — — £5,000 — — — 5,000 

Zaire 4,032 16,127 20,159 4,661 18,643 23,304 3,885 15,540 19,425 2,734 15,493 18,227 — 2,850 16,150 19,000 — 

Total 26,237 '39,781 66,018 '39,037 '52,726 ‘91,763 38,004 49,599 87,603 42,616 50,730 93,346 ©241,500 43,016 51,821 94,8372 46,000 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

' Table includes data available through May 16, 1990. Total diamond output (gem plus industrial) for each country actually is reported except where indicated by a footnote to be estimated. In contrast, the detailed 
separate production data for gem diamond and industrial diamond are Bureau of Mines estimates in the case of every country except Australia (1985-87), Botswana (1987), Brazil (1987), Central African Republic 

(1985-88), Guinea (1985-89), and Liberia (1985-86), for which source publications give details on grade as well as totals. The estimated distribution of total output between gem and industrial diamond is conjectural, 
and for most countries, is based on the best available data at time of publication. Estimated distribution figures have been revised as necessary to correspond to reported total production figures. 
2 Includes near-gem and cheap-gem qualities. 

3 Includes all synthetic diamond production. 

4 Reported figure. 

> Figures are estimates based on reported exports and do not include smuggled diamonds. 
© Figures do not include smuggled artisanal production. 

"Includes estimates for artisanal production. 

8 Revised to zero. 

? Other De Beers’ Group output from the Republic of South Africa includes Kimberley Pool, Koffiefontein Mine, and the Namaqualand Mines. 
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The changes are resulting in significant The designation “gem stone” refers to | grossular species of the garnet group. 
growth in the diamond market. a material appropriate for personal 
Demand for other precious gems will | adornment. The most important quali- | Products for Trade and Industry 

continue to grow as diamonds become | ties of gem stones are beauty, durability, Cutting and polishing of gem materi- 
more expensive and the popularity and | uniqueness, and rarity. Beauty, indicated | als are done to obtain the most effective 
acceptance of colored stone increases. | as splendor, purity, or attractiveness, is | display of the material. No significant 
Demand for synthetic and simulant | judged mainly according to the taste of | change is made in the fundamental prop- 
gem materials for both personal and | the beholder and includes such appear- | erties, and the preparation is intended to 
industrial consumption is expected to | ances as luster, transparency, brilliance, | enhance the desirable characteristics that 
increase. The diversity of sizes, types, | and color. Luster of a mineral or stone is | are present initially. Gem materials are 
uses, and values of gem materials pre- | independent of color and is the surface | cut into gem stones in three main styles; 
cludes any meaningful forecasting of | appearance in reflected light. Apart from | cabochons, baroque, and faceted. 
future demand. | materials that have a metallic luster, the Cabochons are cut in four opera- 

chief contributors to luster are transpar- | tions: sawing, grinding, sanding, and 
aS} eency and refractive index. The perfection | polishing. Sawing, the initial step in 
BACKGROUND of polish enhances the luster of a stone. | cutting, is customarily done with a 

mm | Wigible imperfections impair the luster of | diamond saw to obtain a slab or slice of 
transparent stones. However, defects, de- | the desired size and thickness from the 

The history of production and prep- | scribed as “jardens” or “inclusions,’ | rough gem material. The cabochon 
aration of gem stones begins with the | may enhance the beauty and value of | outline is scribed onto a flat surface, 
wearing of items for personal adorn- | natural rubies, sapphires, and other gem | most often using a template for making 
ment in prehistoric times. This pre- | stones and may be used to identify the | a standard size for jewelry mountings. 
ceded even the wearing of clothes. Am- | country of origin and even the mine. | Rough grinding of the stone may be by 
ber was mined in the Baltic countries | Durability is measured by the resistance | metal-bond diamond, silicon carbide, 
for use as a gem material before 25000 | of a stone to abrasion, pitting, chipping, | or aluminum oxide wheels or coated 
B.C. Later, the Phoenicians in their | or splitting. Resistance to abrasion is | abrasive disks. In grinding, the hard- 

| writings described trade routes to the | correlated with relative hardness, but | ness of the gem material determines the 
Baltic for amber and to areas in Asia | intrinsic brittleness and toughness indi- | grit and hardness of the abrasive used. 
and Africa for other gem materials. | cate resistance to wear in other aspects. | Multiple grinding steps starting with 
The voyages of Columbus brought in- | Rarity is an essential qualification and | 80- to 100-mesh (grit) through 600- 
creased interest in gem deposits, espe- | is more important for some stones in | mesh abrasives are normally used. The 
cially emerald, in South America. The | determining their value than their phys- | scratches left by grinding are removed 
discovery of diamond in Africa in 1859 | ical characteristics. by progressively finer grinding and 
focused major interest on Africa. More Of the 1,500 mineral species, only | sanding. Disk or belt sanders use 

recently, the discovery of diamond in | about 100 possess all of the attributes | bonded to cloth abrasives, waterproof 
Western Australia in 1967 has resulted | required in gems. Silicates furnish the | reinforced paper abrasives, or cloth 
in the development of one of the largest | greatest number, including such miner- | charged with abrasive pastes. The final 
deposits in the world. als as beryl, topaz, tourmaline, and | polish is obtained by using hard felt, 

Commercial mining of gem materials | feldspar. Oxides such as corundum | wood, or leather laps, with various 
has never been extensive in the United | (ruby and sapphire) and quartz (ame- | polishing agents such as fine diamond 
States. Although more than 60 gem min- | thyst, agate, etc.) comprise the second | compound, tin oxide, tripoli, chro- 
erals and materials have been produced | largest group. Sulfides, carbonates, | mium oxide, cerium oxide, alumina, 
commercially from domestic sources, | and sulfates are of small importance; | and rouge. 
most of the deposits are relatively small. | the phosphates yield only turquoise Polished irregular shapes are called 
In many instances, production rests in | and variscite. An exception is pearl, | baroque gems. An inexpensive method 
the hands of the numerous hobbyists and | essentially calcium carbonate, which is | of polishing baroque gems consists of 
members of mineralogical and lapidary | ranked high as a gem. Diamond, the | tumbling them in rubber-lined drums, 
clubs. The Crater of Diamonds State | best known gem stone, is an isometric | using a grinding and polishing medium 

Park near Murfreesboro, AR, is open to | crystalline form of the element carbon. | with or without water. , 
the public on a daily fee basis. Many In general, gem materials are classi- Facet cutting is employed ordinarily 

gem-quality stones are found there each | fied the same as minerals, that is, into | on transparent gem stones to increase 
year. group, species, and variety. Group re- | brilliancy and appearance and is gener- 

fers to two or more gem materials that | ally confined to the harder materials. 
Definitions, Grades, and are similar in crystal structure and | Softer materials may be faceted, but |. 
Specifications physical properties but have different | extreme care must be exercised in cut- 

Select rocks, certain varieties of min- | chemical properties. Each individual | ting and polishing the stones and in 
eral specimens, and some organic mate- | member of the group is called a species. | their use in jewelry. The “round bril- 
rials such as pearl, amber, jet, and coral | Varieties of species have similar crystal | liant’” cut, most commonly used in 

are included in gem stones data. Custom- | structure and chemical characteristics | faceting, has 58 facets, 33 above the 
arily, diamond, ruby, sapphire, and em- | but differ in color. An example of this | circle “girdle’ and 25 below it, ar- 
erald are considered the major gems. would be the hessonite variety of the | ranged in eightfold symmetry. The 
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FIGURE 1 | 

PRINCIPAL FORMS OF CRYPTOCRYSTALLINE AND CRYSTALLINE GEM STONE CUTS 
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“round brilliant’? and some other com- | about 1,800% over the approximate | gem materials is by precipitation from 
mon cuts are illustrated in figure 1. 41.5 years. Thus, a piece of rough that | watery solutions, by crystallization 

sold for $100 in August 1949 would sell | from molten rock, and by metamorphic 
Industry Structure for about $1,800 in April 1990. processes. Approximately one-third of 

The world market for diamonds is For more than 30 years, the major | gem minerals are composed of silicate 
controlled by De Beers Consolidated | diamond cutting and polishing centers | minerals, about one-fifth of alumina- 
Mines Ltd. It is by far the most strictly | of the world were located in Belgium | silicates, and nearly one-seventh of ox- 

_controlled of the world’s commodity | and Israel, with a certain amount of the | ides. The remaining compositional 
markets. An estimated 80% to 85% of | larger stones being cut in the United | groups include the sulfides, phos- 
gem and natural industrial diamond is | States. Today there is estimated to be | phates, borosilicates, carbonates, and, 
marketed by De Beers’ wholly owned | over 450,000 cutters as the result of the | in the single case of diamond, an ele- 
subsidiary, the Diamond Corp. Ltd. | development of a large cottage industry | ment. The composition of selected gem 

The marketing is done through the | in India that started in the early 1980’s. | materials is included as one of the items 
CSO by the Diamond Trading Co. Ltd. | This has had a major impact on world | in table 10. 
and the Industrial Distributors Ltd., | diamond trade. Indian consumption of The United States has no defined 
divisions of the CSO. The CSO sells | most of the world’s small-gem, cheap- | large resources of major gem materials. 
uncut gem diamonds on behalf of De | gem, and near-gem rough material in | Emerald deposits are known in North 
Beers and most other major producers | the manufacture of small stones re- | Carolina, as are ruby and sapphire. 
at sights (approved bidder viewings) in | sulted in annual cut-stone exports of | Historically, sapphires have been mined 
London, England; Lucerne, Switzer- | almost $3 billion from April 1, 1988, to | in Montana, and commercial mining 

land; and Kimberley, Republic of | March 31, 1989. These small stones | once again is underway. Numerous 
South Africa. averaged less than one-fifth of a carat | other domestic deposits of gem miner- 

Diamonds reach the CSO sights | (0.20 carat). The availability of small | als are known and have been mined for 
through three channels. First, South | inexpensive stones resulted in substan- | many years. However, no systematic 
African and Namibian production goes | tial changes in the design of jewelry. | evaluations of the magnitude of these 
directly to the Diamond Producers As- | The utilization of small cut diamond | deposits have been made, and no posi- 
sociation. The principal members of | stones (usually 0.07-0.14 carats each | tive statements can be made about 
this association are De Beers, the South | called melee) to create a pavé effect | them. | 

: African Government, and the Namib- | (set close together to conceal the metal Occasional finds of diamond have 
ian administration. Second, contrac- | base) is but one example. Cutting and | been made, but no great diamond pipes 
tual sales by foreign producers are han- | polishing of colored, synthetic, and | or alluvial deposits similar to those of 
dled by the Diamond Corp. Ltd., | simulant gem stones is centered in | Africa have been reported. Several com- 
which represents the foreign producers | Thailand, India, Hong Kong, and Bra- | panies are involved in diamond explora- 
on the Diamond Producers Associa- | zil, where cheap labor and favorable | tion in the Colorado-Wyoming State 
tion. Third, open-market competitive | export laws ensure the lowest total costs | Line area, in Michigan, Minnesota, Wis- 
sales and West African sales go directly | for finished gems. consin, and Arkansas. Diamond-bearing |~ ~-~_ 
through the Diamond Trading Co. kimberlites have been located, and bulk 

The Diamond Producers Association | Geology-Resources samples have been processed for dia- 
funnels the production of the first two Gem materials occur in a large vari- | mond recovery. Results have not been 
groups into the Diamond Purchasing | ety of igneous, metamorphic, and sed- | made public. 

and Trading Co. (50% held by De | imentary rocks and mineral deposits, World resources of gem materials are 
Beers), part of the CSO. From this | usually as a small fraction of the total | nearly all unevaluated. However, world 
point, the diamonds go through the | deposit. The origins are as varied as the | gem diamond reserve is estimated to be 
Diamond Trading Co. The Diamond | occurrences. Principal formation of | about 300 million carats, including 
Trading Co. markets diamond to South 
African cutters at a 10% discount on 
world prices; and, through its branch in TABLE 9 
London, diamonds are sold at sights on 
world markets. The third group’s pro- DE BEERS CSO ROUGH DIAMOND PRICE INCREASES, 

duction is handled directly by the Dia- BY PERCENTAGE 
mond Trading Co.’s London Branch. | 

The CSO has been extremely success- | Sept. 1949 25.0% Nov. 1967 16.0% Aug. 1973 10.2% Sept. 1982 2.5% 

ful at maintaining the rough diamond | Mar. 1951 15.0 Sept. 1968 2.5 Dec. 1974 1.5 Apr. 1983 3.5 

market for about 100 years. In modern | sept. 1952 2.5 July 1969 4.0 Jan. 1976 3.0 Aug. 1986 7.5 
times there has never been a decrease in | Jan. 1954 2.0..~=~Nov. 1971 +~«5.0.~—SSept. 1976.~=«S.8~S*«CNNv. 1986——=ST?«C 

CSO’s price of rough diamonds. Table | Jan 1957 5.7__Jan, 1972 5.4-Mar. 1977 15.0 Sept. 1987 10.0 _ 
9 aetates the timing and the amounts May 1960. 2.5. Sept.1972. 6.0. Dec.1977. 17.0. ~+Apr1988.~C*~d&;«S 

One, average CSO price increases for | Mar 1963 5.0 Feb. 1973 11.0 Aug. 1978 30.0 -Mar.1989 15.5 
rough gem diamonds from 1949 until | —————___"_—>— NE 
the present. The compounded effect of Feb. 1964 07.5 Mar. 1973) 7.0 Sept. 1979 13.0 Mar. 1990) 5.5 

these increases is a price increase of | Aus 1966 7.5 May 1973100 Feb. 1980, 12-0 
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TABLE 10 

GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 

Practical Specific Refrac- Refractive May be Recognition | 
Name Composition Color . 4 Cost? Mohs . . . confused 

size gravity tion index with- characters 

Amber Hydrocarbon Yellow, red, Any Low to 2.0-2.5 1.0-1.1 Single 1.54 Synthetic Fossil resin, 

green, medium or pressed, _ soft. 

blue plastics 

Beryl, 
Aquamarine Beryllium Blue-green do. Medium 7.5-8.0 2.63-2.80 Double 1.58 Synthetic Double 

alluminum to light to high spinel, refraction, 

silicate blue blue topaz refractive 

eK 
Emerald do. Green Medium Very high 7.5 2.63-2.80 do. 1.58 Fused Emerald 

emerald, filter, 

glass, dichroism, 

tourmaline, refractive 

| peridot, index. 
| green 

garnet, 

doublets 

Emerald, do. do. Small: High 7.5-8.0 2.63-2.80 do. 1.58 Genuine Flaws, 

synthetic emerald brilliant, 

fluorescence 
in 

. ultraviolet 

light. 

Golden do. Yellow to Any Low to 7.5-8.0 2.63-2.80 do. 1.58 Citrine, 

golden medium topaz, 
glass, 

a oes 
Morganite do. Pink to do. do. 7.5-8.0 2.63-2.80 do. 1.58 Kunzite, Refractive 

rose tourmaline, index. 
pink 

sapphire 

Marble Calcium White, do. Low 3.0 2.72 Double 1.49- Silicates, Translucent. 

carbonate pink, red, (strong) 1.66 banded 

blue, agate, 

| green, or alabaster 

brown gypsum 

Mexican onyx do. do. do. do. 3.0 2.72 do. 1.6 do. Banded, 
. translucent. 

Chrysoberyl: 
Alexandrite Beryllium Green by U.S.S.R. High 8.5 3.50-3.84 Double 1.75 Synthetic Dichroism, 

aluminate day, red (small), inclusions — 

by Sri Lanka in 

artificial (medium) synthetic 

light sapphire. 

Catseye do. Greenish to Small to do. 8.5 3.50-3.84 do. 1.75 Synthetic, Gravity and 

brownish large shell translucence 

Chrysolte do. Yellow, Medium Medium 8.5 3.50-3.84 do. 1.75 Tourmaline, Refractive 

green, and peridot index, 

rr SY 
Coral Calcium Orange, Branching, Low 3.5-4.0 2.6-2.7 do. 1.49- False coral Dull 

carbonate red, white, medium 1.66 translucent. 

black, or 

green 

Corundum: 
Ruby Aluminum __ Rose to Small Very high 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 

oxide deep including fluorescence 

purplish spinel 

| red 

See footnotes at end of table. 
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| TABLE 10—Continued 

| GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 

| | Practical Specific Refrac- Refractive May be Recognition 
Name Composition Color 4 Cost? Mohs . , confused 

size gravity tion index with- characters 

Corundum— | 
Continued 

Sapphire Aluminum Blue Medium High 9.0 3.95-4.10 Double 1.78 Synthetics, Inclusions, 

oxide including double 

spinel refraction, 

dichroism. 

Sapphire, do. Yellow, Medium to Medium 9.0 3.95-4.10 do. 1.78 Synthetics, Inclusions, 

fancy pink, large glass and double 

white, doublets refraction, 

orange, refractive 

green, or index. 

violet 

Sapphire and do. Red, pink, do. High to 9.0 3.95-4.10 do. 1.78 Star quartz, Shows 

ruby stars violet low synthetic asterism, 

blue, gray stars color on 

side view. 

Sapphire or do. Yellow, Up to 20 Low 9.0 3.95-4.10 do. 1.78 Synthetic Curved 

ruby pink, carats | spinel, strae, 

synthetic blue, or glass | bubble 

red : inclusions. 

Diamond Carbon White, Any Very high 10.0 3.516- Single 2.42 Zircon, High index, 

blue- 3.525 titania, dispersion, 

white, cubic single 

yellow, zirconia refraction, 

brown, hardness, 

green, cut, luster. 

pink, : 

blue 

Feldspar: 
Amazonstone = Alkali Green Large Low 6.0-6.5 2.56 — 1.52 Jade Cleavage, 

aluminum- sheen, 

silicate. vitreous to 

pearly, 

opaque, 

grid. 

Labradorite do. Gray with do. do. 6.0-6.5 do. — 1.56 do. do. 

blue and 

bronze 

sheen 

color play 

Moonstone do. White do. do. 6.0-6.5 2.77 — 1.52- Glass or Blue sheen, 

1.54 white onyx opalescent. 

Garnet Complex Brown, Small to Low to 6.5-7.5 3.15-4.30 Single 1.79- Synthetics, Single 

silicate black, medium. high strained 1.98 spinel, refraction, 

yellow, glass anomalous 

green, strain. 

ruby red, 

or orange 

Jade: 

Jadeite do. Green, Large Low to 6.5-7.0 3.3-3.5 Crypto- 1.65- Onyx, Luster, 

yellow, very crystalline 1.68 bowenite, spectrum, 

black, high vesuvianite, translucent 

white, or grossularite to opaque. 

mauve 

Nephrite Complex do. do. do. 6.0-6.5 2.96-3.10 do. 1.61- do. do. 

hydrous 1.63 

silicate. 

See footnotes at end of table. 
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TABLE 10—Continued 

GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY 

Name Composition Colo Practical Cost2 Mohs Specific Refrac- Refractive perk oe Recognition 7 

Posto J size! gravity tion index with. characters 

Peridot Iron Yellow Any Medium 6.5-7.0 3.27-3.37 Double 1.65- Tourmaline Strong _ 

magnesium or green (strong) 1.69 chrysoberyl . double 

silicate refraction, 
low 

| dichroism. 

Opal Hydrous Colors Large Low to 5.5-6.5 1.9-2.3 Isotropic 1.45 Glass, Play of. 

silica flash in high synthetics, color. 

white, triplets 

gray, 

black, red, 
or yellow . 

Pearl Calcium White, Small do. 2.5-4.0 2.6-2.85 — — Cultured Luster, 

carbonate pink, or and structure, 

black imitation X-ray. 

Quartz: 

Agate Silica Any color Large Low 7.0 2.58-2.64 — — Glass, Crypto- . 

plastic, | crystalline, 

: Mexican irregularly 
onyx banded, 

dendritic 

inclusions. 

Amethyst do. Purple do. Medium 7.0 2.65-2.66 Double 1.55 do. Refractive 

index, 

double 

refraction, 

transparent. 

Cairngorm do. Smoky do. Low 7.0 2.65-2.66 do. 1.55 do. Do.. . 

Citrine do. Yellow do. do. 7.0 2.65-2.66 do. do. do. Do. 

Crystal, rock do. Colorless do. do. 7.0 2.65-2.66 do. do. do. Do. 

Jasper do. Uniform or do. do. 7.0 2.58-2.64 — — do. Opaque, 

spotted vitreous. 

red, 

yellow, or 

green 

Onyx do. Many do. do. 7.0 2.58-2.64 — — do. Uniformly 

colors banded. 

Rose do. Pink, rose do. do. 7.0 2.65-2.66 Double 1.55 do. Refractive 

red index, 

double 

refraction, 

translucent. 

Spinel Magnesuim Any Small to Medium 8.0 3.5-3.7 Single 1.72 Synthetic, . Refractive 

aluminum medium garnet index, 

oxide single 

refraction, 

inclusions. 

Spinel, synthetic do. do. Up to 40 Low 8.0 3.5-3.7. Double 1.73 Spinel, Weak 

carats corundum, double 
beryl, refraction, 

topaz, curved 

| alexandrite _ striae, 
bubbles. 

Spodumene: 

Kunzite Lithium Pink to Medium Medium 6.5-7.0 3.13-3.20 do. 1.66 Amethyst, Refractive 

aluminum lilac morganite index. 

silicate 

Hiddenite do. Yellow to do. do. do. do. do. Synthetic Do. 

green spinel 

See footnotes at end of table. 
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TABLE 10—Continued 

| GUIDE TO SELECTED GEM STONES AND GEM MATERIALS USED IN JEWERLY | 

| | Practical Specific Refrac- Refractive May be Recognition 
Name Composition Color . 4 Cost? Mohs . . . confused g 

size gravity tion index with- characters 

silicate synthetics. trichroism. 

Topaz do. White, Medium Low to 8.0 3.4-3.6 do. 1.62 Beryl, Refractive 
blue, or medium quartz index. 

green 

Tourmaline do. All, do. do. 7.0-7.5 2.98-3.20 do. 1.63 Peridot, Double 

including beryl, refraction, 

| mixed corundum, _ refractive 

glass index. 

Turquoise Copper Blue to Large Low 6.0 2.60-2.83 do. 1.63 Glass, Difficult if 

aluminum green plastics matrix not 

phosphate phosphate present, 

matrix 

. usually 

limonitic. 

Zircon _ Zirconium —_~ White, Small to Low to 6.0-7.5 4.0-4.8 Double 1.79- Diamond, Double 
silicate blue, medium medium (strong) 1.98 synthetics, refraction, 

brown, . topaz, strongly 

yellow, or aquamarine _ dichroic, 

green wear on 

facet 

edges. 

'Small—up to 5 carats; medium—up to 50 carats; large—over 50 car. 

* Low—up to $25 per carat; medium—up to $200 per carat; high—over $200 per carat. 

near-gem and cheap-gem qualities. | boule is heat treated and-tapped at one | processes are the melt techniques most 

Nearly all of the reserves are in Austra- | end to relieve the internal strain that | often used for gem materials. The var- 

lia, Africa, and the U.S.S.R. (Siberia). | causes the boule to split into two vertical | ious synthetics and the method of pro- 

The estimates for diamond reserves are | halves. The halves are then cut and pol- | duction are shown in table 11. 

of limited value because data needed | ished into gems. Other melt techniques 

for reliable estimates are not available | used are the Czochralski pulled-growth Enhancement of Gem Stones.— 

from the producers. Reserve data on | method for ruby, sapphire, spinel, | Enhancement of all types of gem ma- 

other gem materials are even less avail- | yttrium-aluminum-garnet (YAG), gado- | terials through chemical and physical 

able than for diamond. linium-gallium-garnet (GGG), and alex- | means has become much more com- 

andrite; the Bridgman solidification | monplace and in the past few years has 

Technology method for sapphire; and skull melting | included a wider variety of gem mate- 
for cubic zirconia and sapphire. rials. Irradiation by electromagnetic 

Synthetic Gems.—The first synthetic | Solution techniques for manufactur- | spectrum (X-rays, gamma rays, etc.,) 
gem produced was ruby, and later, by | ing synthetic gems include flux meth- | and by energetic particles (neutrons, 
various melt techniques, sapphire, | ods for emerald, ruby, sapphire, spinel, | electrons, alphas, etc.) is being used to 
spinel, rutile, strontium titanate, and cu- | YAG, GGG, and alexandrite; hydro- | enhance or change the color of dia- 
bic zirconia. The Verneuil flame-fusion | thermal methods for emerald, quartz, | monds, topaz, tourmaline, quartz, 
process, developed in 1902, consists of | and the colored varieties of quartz such | beryl, sapphire, zircon, scapolite, and 
growing a single crystal in a simple, | as smoky, yellow, citrine, and amethyst; | pearls. Blue topaz is normally irradi- 
downward-impinging oxyhydrogenblow- | and the high temperature ultra-high- | ated, but this does not imply that all of 

pipe flame. In manufacturing synthetic | pressure presses used in the manufac- | these gem materials are regularly 
gems, pure oxides of aluminum and tita- | ture of synthetic diamond in which a | irradiated.’ 
nium, and as needed, moderating and | molten metal is used as the solvent. A number of gem materials can be 
coloring oxides, are charged at the top of Other techniques involve solid- or | enhanced by chemical treatment or im- 

a small furnace and melted as they pass | liquid-state reactions and phase trans- | pregnations. The treatments may alter 
through an oxygen-hydrogen flame. The | formations for jade and lapis lazuli; | the bulk of the gem material or only 
molten material is solidified on a fire- | vapor phase deposition for ruby and | penetrate the surface. This includes 
clay peg as a carrot-shaped single crystal | sapphire; ceramics for turquoise, lapis | bleaching, oiling, waxing, plastic im- 
known as a boule, usually % to 1 inch | lazuli, and coral; and others for opal, | pregnations, color impregnations, and 
in diameter, 2 to 4 inches long, and weigh- | glass, and plastics. However, the Ver- | dying. The treatments that alter only 
ing 75 to 250 carats. After cooling, the | neuil, Czochralski, and scull melting | the surface of the gem material include 

GEM STONES MINERALS YEARBOOK—1989 449



| TABLE 11 | and hoisting is done only at the larger 

SYNTHETIC GEM STONE PRODUCTION METHODS mines. 
Diamond mining in the kimberlite 

 —_ | pipes of Africa and the U.S.S.R. and 
Gem stone Proguction Company roduction the lamproite pipes of Australia repre- 

Ruby Flux hatham SSOP sent the ultimate in that huge quantities 
Kashan 1960"s of ore must be mined to extract small 

quantities of diamond produced at as 
Knischka 1980's low a cost as possible. 

J. O. Crystal Do. Placer mining for gem stones ranges 
(Ramaura) from small-scale, simple procedures to 

Zone melt Seiko Do. huge complicated operations. In some 
Melt pulling Kyocera 1970’s areas, digging is by hand and sorting 

(Inamori) and recovery is by panning, screening, or 
Verneuil Various producers 1900’s sluicing. Diamond miners in the larger 

Star ruby do. Linde 1940's placer operations use bucket dredges and 
(Div. of Union Carbide) | heavy-duty excavating equipment, as, for 

Melt pulling Kyocera 1980's example, in Australia, Brazil, Namibia, 
: the Republic of South Africa, and the 

Nakazumi Do. US.S.R. 

Sapphire Flux Chatham 1970’s 

Zone melt Seiko 1980’s Processing 

Melt pulling Kyocera Do. Most gem stone material is broken or | 
Verneuil Various producers 1900’s crushed where necessary and concen- 

Star sapphire do. Linde | 1940’s trated by various combinations of hand 

Emerald Flux Chatham 1930’s picking, washing, screening, or jigging. 
Gilson 1960’s In large-scale operations, mineral ben- 
Kyocera 1970's eficiation methods employ mechaniza- 
Seiko 1980’s tion and the latest technology in all 
Lennix Do. steps from primary crushing and 
USSR. Do. screening to the final recovery proc- 

esses. Diamond recovery, in particular, 

Hydrothermal Lechleitner 1960's makes use of standard gravity methods, 
Regency Do. grease belts, electrostatic separation, 
Biron 1980's skin-flotation, magnetic separation, 
US.S.R. Do. separation by X-ray luminescence, and 

Alexandrite Flux Creative crystals 1970’s separation by optical sorting. 

Melt pulling Kyocera Do. ee 

Zone melt Seiko 1980’s 1 Focus. Modern Jeweler, v. 89, No. 2, Feb. 1990, pp. 

Cubic zirconia Skull melt Various producers 1970’s 46-48. 
2Gem News. Gems & Gemology, v. 25, No. 1, Spring 

1989, p. 47. 
3 Gemstones. Jewellery News Asia. Issue No. 60, Aug. 

surface coatings of various types, inter- | change, and improve clarity. In the past, | 178?» P? “0-*: 
ference filters, foil backings, surface | heat treatment was common for quartz Gem News. Gems & Gemology, v. 25, No. 2, Sum- 

. ? 8s, su c c q mer 1989, p. 112. 
decoration, and inscribing. Chemical | and gem corundum. Today, materials 5 Hinde, C. Namibian Diamonds. Mining Magazine, 
treatment is more widespread than the | that are heat treated to enhance their | v. 161, No. 6, Dec. 1989, pp. 494-496. 

common dying of quartz, treatment of | appearance include sapphire, topaz, °Koivula, J. I., Kammerling, Fritsch, Fryer, Hargett, 
turquoise, and oiling of emeralds. | beryl, tourmaline, quartz, zircon, amber, | 2"¢ Kane. The Characteristics and Identification of 
Chemical treatment and impregnations | diamond, and zoisite.? Sumaner 1989. pn ones & Gemology, v. 25, No. 2, 

have been used to enhance chalcedony, ws 7 Nassau, K. Gemstone Enhancement. Butterworth, 

coral, ivory, pearl, tiger’s eye, emerald, | Mining 1984, pp. 221. 
lapis lazuli, opal, ruby, sapphire, tur- Gem materials mining operations 8_____ pp. 61-78. 

quoise, beryl, quartz, jade, diamonds, | can range from the most primitive to 9. pp. 25-44. 
and amber.® the most sophisticated. In hard rock, at 

The oldest and most common method | shallow depths, an operation by one, | OTHER SOURCES OF INFORMATION 

of gem material enhancement is heat | two, or three persons may be mined by 
treating. Heat treatment of gem materi- | prybar, pick, shovel, and baskets for | Bureau of Mines Publications 
als was used in Greece and Rome well | carrying material. A larger operation Gem Stones. Ch. in Mineral 

before the Christian Era. Heat treatment | may include drilling, blasting, and min- Commodity Summaries, 1990. 

can cause color change, structural | imum timbering. Mechanized hauling 
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(GERMANIUM 
| 

By Thomas O. Llewellyn , 

Mr. Thomas O. Llewellyn is a physical scientist with the Branch of Nonferrous Metals. He has covered germanium for 3 

years. Domestic survey data prepared by Lura Nightlinger, Nonferrous Metals Data Section. 

| he estimated domestic refin- | ¢oTRATEGIC about 10% compared with the level of | | 

ery production and consump- CONSIDERATIONS 1988. The estimated consumption pat- | 

tion of germanium decreased tern by end use of germanium in 1989 | 

compared with the levels of was as follows: infrared systems, 65%; 

1988. Infrared systems and fiber optics The Federal Emergency Manage- | fiber optics, 6%; gamma-ray, X-ray, 

continued to be the major end uses. | ment Agency (FEMA) established the | and infrared detectors, 8%; semicon- | 

The domestic fiber-optic market for | importance of germanium asa strategic | ductors, 8%; and other, 13%. 

germanium decreased for the fourth | and critical material on July 6, 1984, The largest end use for germanium 

consecutive year and consumption for | and an initial National Defense Stock- | continued to be in infrared optics, 

this application was about 25% less | pile (NDS) goal of 30,000 kilograms of | mainly for military use in guidance and 

than that of 1988. germanium metal. Based on the U.S. | weapon-sighting systems. Germanium 

Army’s estimates for actual emergency containing lenses and windows trans- | 

ss conditions of mobilization, FEMA es- | mit thermal radiation similarly to visi- 

DOMESTIC DATA | tablished a new goal of 146,000 kilo- | ble light transmission by optical glass. | 

COVERAGE grams on July 24, 1987. Germanium glass was also used for 

a Some of the metal inventory acquisi- | nonmilitary surveillance and monitor- 

| tions made in 1988 were delivered in | ing systems in fields such as satellite © 

Domestic refinery production and | 1989 and, as of December 31, the | systems and fire alarms. | 

consumption data for germanium are | stockpile inventory was 38,282 kilo- The U.S. fiber-optic market for ger- 

estimated by the Bureau of Mines based | grams of germanium metal. manium continued the downward trend | 

on discussions with domestic producers. of the previous 3 years, and consump- ! 

SCS tion. off germanium in this application | 

COW F(]*CUMEESTIC PRODUCTION decreased about 25% compared with 

LEGISLATION AND ———— | that of 1988. Germanium is used as a 

GOVERNMENT PROGRAMS dopant in the core of many optical 

i The Bureau of Mines estimated do- | fibers employed in telecommunica- | 

mestic refinery production from both | tions. The decline resulted from the | 

In September, the Defense Logistics | primary and secondary materials at | development of new manufacturing 

Agency (DLA) contracted to purchase | 20,000 kilograms, a decrease of 5% | processes that achieved more efficient 

9,000 kilograms of germanium metal in | compared with that of 1988. use of germanium. | 

two separate and equal solicitations. Hecla Mining Co. bought the assets American Telephone & Telegraph : 

DLA scheduled the first lot for delivery | of St. George Mining Corp. of St. | Co. (AT&T) of Morristown, NJ, and | 

starting July through November 1990 | George, UT, for $5.5 million. St. | Kousai Denshin Denwa of Japan com- 

and the second lot for the period be- | George, a subsidiary of the Canadian | pleted installation of a 8,271-mile un- 

tween September 1990 and January | company Musto Explorations Ltd. re- | derwater fiber-optic cable system that ! 

1991. The contract price for both lots | covered and mined germanium and gal- | links the Guam, Japan, and the United » 

was $609 per kilogram. DLA rejected | lium as principal products until 1987 States. This system, known as the Pa- 

bids ranging from $559 to $582 per | when it closed its operation. The new cific Link, is capable of carrying 

kilogram received from European and | owners expected to resume mine and | 40,000 phone calls simultaneously. The 

African producers and selected Eagle- | refinery production during the first | underwater cable from Point Arena, 

Picher Industries Inc. The main reason | quarter of 1990 and reach full produc- | CA, goes to an undersea branching unit 

for the selection was a clause in the | tion levels before yearend. offshore of Japan. At this point the 

solicitation that indicated the agency cable splits, and one branch goes to 

may be required to follow a “Buy | — SS Tanguisson, Guam, and the other to 

American” policy for the acquisition of | CONSUMPTION AND USES Chikura, Japan.” 

strategic and critical materials that are | <—@— AT&T and Zenith Electronic Corp. 

mined and refined in the United States signed a joint agreement to develop a 

(Amendment No. 7, Public Law 98- The Bureau also estimated that con- | system for high-definition television | 

473, October 12, 1984).’ sumption of germanium decreased | (HDTV). This application was poten- | 
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tially a large market for fiber-optic TABLE 1 
applications in transmission network.* U.S. IMPORTS OF GERMANIUM, ' BY CLASS AND COUNTRY 
Although not used in all fiber-optic 
Systems, germanium is an important gS ggg 
constituent in many fiber-optic cables. a 

Two of the U.S. Navy’s guided-— Class and country weight Value weight - Value 
missile cruisers were outfitted with (kilograms) (kilograms) 
fiber-optic cable systems that transmit | Unwrought and waste and scrap: 
several voice and data functions, in- Australia 100 $33,960 — — 
cluding combat system displays and a | Belgium 6,419 4,105,962 15,985 $12,027,567 
damage control sensor system. Fiber- Canada 88 54,337 2,407 1,470,524 
optic cable for shipboard communica- | ~ China 1,986 1,184,120 3,195 1,607,868 
tions offered a dramatic advantage in France 3,949 2,154,821 7,973 5,313,134 
terms of weight and immunity to elec- | ~ Germany, Federal Republic of 244 162,147 3,421 1,145,407 
tromagnetic interference compared to HongKong st—<‘i‘CSS _ _ 16 . 6,480 
coaxial copper cable. As an example, a re _ _ 55 35.221 
750-foot coaxial cable for an advanced | — = oe a apan — 8 3,034 3-D radar system weighing about 7 tons Netherlands 140 78.501 349 281,574 
and measuring 18 inches in diameter | ——HHW¥— 

. Singapore — — 15 8,503 can be replaced by a 40-pound fiber- | ———=———_____ . . : Switzerland — — 3,260 182,166 optic cable measuring less than 1 inch | ———————____ ) 
in diameter. More information on the | —Umted Kingdom 765 1,597,641 2,921 1,707,877 

| present market for fiber-optic compo- Tota _)>,691 2,371,489 40,105 23,789,355 
nents and their applications were de- | Wrought: : 
scribed in the study “U.S. Navy Market Belgium 2,646 3,211,285 — — 
for Fiberoptic Components,” available France 259 191,942 — — 
from Kessler Marketing Intelligence, 31 Germany, Federal Republic of 254 330,467 — — 
Bridge Street, Newport, RI 02840.4 Israel ] 78 36,233 — — 

Netherlands 54 49,821 — _—_ 
TTT United Kingdom 309 347,583 — — | 
PRICES Total 3,600 4,167,331 — — 

'Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily 
comparable with those in 1988. 

Throughout 1989 domestic producer ? Beginning in 1989, only data for unwrought and waste and scrap are available. 

prices for germanium metal and diox- | Source: Bureau of the Census. 
ide, published by Metals Week, re- 
mained at the levels established in late 
1981 ($1,060 and $660 per kilogram, WORLD REVIEW quantity that could be produced on a 
respectively). However, discounting by | ~~ normally sustainable, long-term oper- 

| producers was evident during 1989 be- ating rate based on the physical equip- 
cause of competition from imported World refinery production was esti- | ment of the plant and routine operating 
material. mated at 82,000 kilograms. Primary | procedures for labor, energy, materials, 

The Belgian producer price for germa- | germanium was produced by Métall- | and maintenance. Capacity included 
nium metal, published by Metal Bulletin | urgie Hoboken-Overpelt S.A. (MHO), | both operating plants and plants tem- 
(London), remained throughout the year | Belgium; Johnson Matthey Electron- | porarily closed that in the judgment of 
at about $754 per kilogram.° ics, Canada; Société Miniére et Métal- | the author could be brought into pro- 

lurgique de Pefiarroya S.A., France; | duction within a short period of time 
SH _______________} Preussag AG and Otavi Minon AG, | with minimum capital expenditure. 

FOREIGN TRADE Federal Republic of Germany; Societa Refineries rated capacity of germa- 
| Mfineraria e Metallurgica di Pertusola | nium was estimated based on discus- 

Sud S.A., Italy; and Nippon Denshi | sions with some officials from private 
A comparison of the value per kilo- | Kinzoku and Sumitomo Metal Mining | industry, past and present production 

gram of imported germanium material | Co. Ltd, Japan. Germanium refineries rates, and published capacity data. 
with the published foreign producer | also were in China and the US.S.R. ; 
price for germanium metal was used to Brazil 
estimate the germanium content of im- | Capacity Telebras, Brazil’s state-owned tele- 
ported materials. In 1989, the estimated The data in table 2 represent rated | communications company, ordered 
germanium content of total imports was | annual production capacity for refiner- | 35,000 kilometers of optical fibers 
calculated to be approximately 33,000 | ies as of December 31, 1989. Rated | from Philips Optical Fiber, Eindhoven, 
kilograms. capacity was defined as the maximum | the Netherlands. The optical fibers will 
452 GERMANIUM MINERALS YEARBOOK—1989



Neen 

TABLE 2 Traadfabiken A/S of Denmark. The ca- | This decline was caused mainly by the 
WORLD ANNUAL GERMANIUM | Die will connect the Danish island of | increasing use of electronic-grade sili- 

REFINERY PRODUCTION Bornholm in the Baltic Sea with the | con, which was replacing germanium. 
CAPACITY, DECEMBER 31, 1989 | settlement of Mielno near Koszalin, Po- | However, the reduced demand for ger- 

land. The 150-kilometer network system | manium in the electronics field was 
(Thousand kilograms) was scheduled for completion by 1990 | offset by a dramatic increase in demand 

and was expected to greatly upgrade Po- | for germanium in both infrared night 
Capacity | land’s communication capacity with the | vision systems and fiber-optic commu- 

North America: United States and Canada through Den- | nication networks.. 
Canada 10 mark via the United Kingdom. Total 

“United States Sst=<“<it=Csti‘s~Ss*~S~S 45 project cost was estimated at $4.5 million | Definition, Grades, and Specifications | 
- Total té<‘i™SOSOS;”!!#C#O d«§«Ss«~S~«|:«dand will be jointly financed by Poland Germanium has a metallic appear- 
Euop:  SOtCSCt‘si‘iC SS and the telecommunications authorities | ance and is grayish white in color, 

oS of Denmark, Finland, Norway, and | lustrous, hard, and very brittle. It is a 
Belgium 50 9 . . . 

SW Sweden. semiconductor, with electrical proper- 
_France and Italy 39 ties between those of a metal and an 
__Germany, Federal Republic of 35 S| singulator. 

Centrally planned economy OUTLOOK The National Stockpile Purchase 7 
countries A Specification P-114-R, December 16, 
— fot 10 1989, for intrinsic germanium metal 
Asia Abundant supplies of germanium | specifies an electrical resistivity of 50 

China 10 materials on the market through 1989 | ohm-centimeter at 20° C (40 ohm- 
Japan 35 could not be absorbed by a rather | centimeter at 25° C) over the entire ingot 

Total 45 stagnant demand. Producers were | length. 

World total ~ 260 ~+| forced to lower prices to maintain their Germanium is available commer- 
| Share of the market. Germanium sup- | cially as a tetrachloride and high-purity 

plies are likely to remain high for the | oxide and in the form of zone-refined 
| next 2 years, owing to larger availability | ingots, single-crystal bars, castings, | 

be used by several Brazilian companies | of concentrates from Canada and re- | doped semiconductors, optical materi- 
to manufacture fiber-optic cables, in | sumed mining operations by Hecla | als, optical blanks, and other specialty 
great demand by the communications | Mining Co. at their recently acquired | products. 
industry.° gallium-germanium Apex Mine in 

Utah. Industry Structure 
Canada Domestic short-term demand for Most germanium occurs as a minor 

Canstar Communications, a division | germanium metal probably will fall be- | constituent of certain base metal ores 
of Canada Wire & Cable Ltd. of Tor- | low the 1989 level. A reduced spending | and coal deposits. Those producers 
onto, Canada, was awarded a contract | rate for strategic programs, as a conse- | that currently recover primary germa- 
by the New York City Transit Authority | quence of recent events in Eastern Eu- | nium for the most part depend on 
to supply and install a fiber-optic com- | rope, could have a negative impact on | germanium-rich residues, mainly from 
munications network. This network | germanium consumption for infrared | zinc derived from past or present base 
will interconnect 107 transit stations in | systems for conventional weaponry. metal smelting operations. 
the Bronx, Brooklyn, Manhattan, and In the United States, Eagle-Picher’s 
Queens. The project, using 800 kilome- Quapaw, OK, Specialty Materials Div. 
ters of fiber-optic cable, will be com- | BACKGROUND has the capability of recovering pri- 

pleted by 1992. Fiber-optic cable and | —-————————————-_ || mary germanium from zinc smelter res- 
accessories for this network will be idues. Eagle-Picher also reprocessed 
manufactured in Canada and the Germanium was recovered as a mi- | scrap. Kawecki Berylco Industries Inc., 
United States.’ nor byproduct of the refining of base | a division of Cabot Inc. in Revere, PA, 

metal ores, and the potential supply of | and Atomergic Chemetals Co., Plain- 
Japan this metal, which was dependent on the | view, NY, produced germanium from 

Germanium metal production was | level of zinc production, has histori- | reprocessed scrap and semirefined for- 
3,346 kilograms, a decrease of about | cally exceeded demand. | eign material. , 
20% compared with 1988 metal pro- Invention and development of the The Jersey Miniere Zinc Co. in 
duction levels. Dioxide production also | germanium transistor opened the path | Clarksville, TN, continued to produce 
decreased from 13,883 kilograms in | for the solid-state electronic field and, | germanium-rich residues as a byprod- 
1988 to 13,302 kilograms in 1989.° from 1950 through the early 1970’s, | uct of processing zinc ores from its 

provided an excellent market for ger- | Gordonsville and Elmwood Mines. 
Poland manium. Despite the continued growth | These residues were shipped to MHO in 

Installation of an underwater fiber- | of the electronics industry in the | Belgium for germanium recovery and 
optic cable between Poland and Den- | 1970’s, germanium demand for transis- | refining. 
mark was started by Nordiske Kabel & | tors, diodes, and rectifiers declined. Little information was available on 
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the financial structure of U.S. and TABLE 3 

world germanium industries. Germa- U.S. IMPORT DUTIES FOR GERMANIUM MATERIALS 
nium refiners usually were involved in 3 
the production an iffer-_§ | —dHSWH——— Oooo ee 

No. Jan. 1, 1989 Jan. 1, 1989 

Geology-Resources Germanium: Waste and scrap 8112.30.3000 sree, Free 
Minerals in which germanium is con- | Germanium other: Unwrought —_8112.30.6000 3.7% adval. 25% ad val. 

centrated are germanite, a sulfoarsenite Germanium other: Other 8112.30.9000 5.5% ad val. 45% ad val. 

of copper, iron, and germanium with 
an average of 5% germanium; argy- 
rodite, a double sulfide of germanium 
and silver containing 5% to 7% germa- | filtration and dried. The dried germa- | pounds generally have a low order of 

| nium; renierite, a complex sulfide of | nium dioxide is reduced with hydrogen | toxicity, except for germanium tetrahy- 
copper, iron, germanium, tin, zinc, and | at about 760° C to a germanium metal | dride which is considered toxic. 
arsenic with 6% to 8% germanium; | powder, which is then melted and cast Based on a 1976 report, the energy 
and several other minerals such as can- | into metal bars. These bars are then | requirements for the production of 
fieldite, utrabasite, itoite, and stottite. | zone-refined to produce intrinsic grade | zone-refined germanium metal from 
Primary germanium minerals are nor- | metal. This high-purity metal is mainly | zinc sulfide concentrates and scrap is 
mally formed in sulfide mineralization | used for electronics and infrared optics. | 2,145 million British thermal units 
processes at low-to-intermediate tem- | Zone refining produces polycrystalline | (Btu) per net ton of germanium ingot. 

| peratures, and secondary varieties may | germanium."! ——__— 
result from supergene alteration of sul- Certain applications of germanium, 'Metals Week. V. 60, No. 40, Oct. 2, 1989, p. 3. 

fide ore deposits.'° such as gamma-ray detectors, require | _ *American Metal Market. AT&T, Japanese Company 
Currently, there are two major re- | single-crystal germanium. Single crys- ha oe leo cable Under Pacific. V. 97, No. 125, 

serves of germanium in the United tals are produced by two methods, the "STaser moses Wel d. World News Breaks. V. 25, No. 
States. The largest is the recoverable | horizontal pulling process or the verti- | 4, Apr. 1989, p. 13. 

germanium that occurs as a minor con- | cal pulling process, also known as the 4Photonics Spectra. Navy FO Market Poised for 
stituent of zinc sulfide ores in the mid- | Czochralski method. Growth. V. 23, No. 5, May 1989, pp. 46, 48. 
dle Tennessee zinc district. The other More than 50% of the metal used ° Where necessary, values have been converted from 
major reserve of germanium is in | during the manufacture of most elec- | Bls!4m francs (BF) to US. dollars at the 1989 average 
southern Utah. Here the germanium is | tronic and optical devices is recycled as exch oho Srectta, Brozit Onde Philips Fibers, V 
found in the iron oxide ore zone of a | new scrap. As a result of the low unit | 33 No. 9, sept. 1989, p. 74. oS 
depleted copper mine. use of germanium in microelectronic 7 American Metal Market. Canstar Gets Fiber-Optic 

There are no reliable germanium as- | devices, very little germanium returns | Network Pact. V. 97, No. 51, Mar. 15, 1989, p. 4. 
say data available for many areas of the | as old scrap. * Japan Metal Journal. V. 20, No. 13, Mar. 26, 1989, 
world. The U.S. and world resources Pe oo 
could be expanded if germanium were | Economic Factors y cae emo 0 6D. Link Poland, Denmark. 
to be recovered from ash and flue dusts Table 3 shows import duties for ger- |“ ioweber, J, N. Geochemistry of Germanium. Dow- 
resulting from the burning of certain | manium products, which became effec- | den, Hutchison & Rose Inc., Strodusburg, PA, 1973, pp. 
coals for power generation. tive in January 1, 1989, under the new | 1-5. 

Harmonized Tariff Schedule of the 11 Adams, J. H. Germanium Compounds. Ch. in 

Technology United States. Encyclopedia of Chemical Technology. Kirk-Othmer, 3d 

 , . , ; ed., v. 11, 1983, pp. 791-802. 
Germanium is obtained commercially Domestic producers are granted a 

as a byproduct of base metal refining and | depletion allowance of 14% on both | OTHER SOURCES OF INFORMATION 
extracting. Improvements have been de- | domestic and foreign production of 
veloped, but the basic processes have | germanium. Bureau of Mines publications: 
remained virtually unchanged. Germanium. Ch. in Mineral 

Regardless of the source, germanium | Operating Factors Commodity Summaries, annual. 

raw materials are reacted with concen- Germanium has little or no effect Germanium. Ch. in Mineral Facts and 
trated hydrochloric acid to form germa- | upon the environment because it usu- Problems, 1985 ed. 
nium tetrachloride, which is then puri- | ally occurs only as a trace element in | Other Sources 
fied by fractional distillation. The | some ores and carbonaceous materials. Chemical Abstracts. 
purified germanium tetrachloride is hy- | The small quantities used in commer- Metal Bulletin (London). 
drolyzed with water to produce germa- | cial applications also pose no threat to Roskill Information Services Ltd. 
nium dioxide, which is removed by | the environment. Germanium com- Germanium 1988, Sth ed. 
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By John M. Lucas 

Mr. Lucas, a geologist with 29 years of Federal, State, and foreign and domestic mineral industry experience, has been the 
Bureau of Mines commodity specialist for gold since 1980. Domestic survey data were prepared by Eraina C. Dixon, Lisa 
P. Conley, and Stephen L. Hays, Nonferrous Data Section. International data tables were prepared by Giovanni P. 
Jacarepaqua, International Data Section. 

old production by the domes- | more hectares (2 or more acres) must | ifications as a Certified Forest Service 
tic and international mining | comply with the State’s general mine | Mineral Examiner before being 
industry continued at record | reclamation requirements. In a special | awarded a contract to work on Na- 
levels during 1989. With pro- | election held in May, Nevadans ap- | tional Forest System land. 

duction rising more than 33% over that | proved a tax on gold mining. The meas- 
of 1988, the domestic industry com- | ure amended the State constitution and | _.- 
pleted its 10th successive year of growth. | increased the net profits tax on all | STRATEGIC 
Nevada continued as the Nation’s prin- | mineral production from about 2% to 
cipal gold-producing State, having in- | 5%. In June, the Governor of Nevada CONSIDERATIONS 
creased production nearly twentyfold | signed into law that State’s first pro- 
since 1979. The overall demand for gold | gram for reclamation of mined lands. Gold is not a National Defense Stock- 
for use in fabricated products in the | The law requires that all public and | pile item; however, the Treasury had 
market economy countries exceeded the | private lands disturbed by mining or | stocks of bullion amounting to about 
record level set in 1988. Jewelry was again | exploration activities be reclaimed in an | 8,146 metric tons (262 million ounces) at 
the dominant end-use sector. Hoarding | economically and technically practical | yearend 1989. Large quantities of gold 
of gold bars, exclusive of North America | manner to a safe, stable condition ca- | are also held as commercial and private 
and Europe, surpassed the record level | pable of supporting a productive post- | bullion stocks. Therefore, the availability 
reached during the previous year. - mining land use. of gold in times of national emergency 

A law exempting the sale of precious | appears to be ensured. 
oo sS|s metal bars and bullion coins from a 4% One strategic aspect of the domestic 
LEGISLATION AND State sales tax became effective in New | gold mining industry that is infrequently 
GOVERNMENT PROGRAMS | York on September 1. To be eligible for | considered is that the industry constitutes 

| the exemption, the sale must be for | a valuable pool of experienced person- 
$1,000 or more, with the price being | nel, including chemists, geologists, en- 

On June 14, under legislation ap- | based on the item’s metal content, not | gineers, and metallurgists as well as 
proved in 1988, gold and silver coins | its aesthetic value. Coins produced by | miners, machinists, and heavy equip- 
commemorating the Bicentennial of the | the Republic of South Africa, with | ment operators. In the event of a na- 
U.S. Congress (1789-1989), were struck | coins and bars produced for noninvest- | tional emergency, these skills may be 
on four 7-ton coin presses mounted tem- | ment purposes, were not eligible for the | readily directed toward the discovery, 
porarily in front of the U.S. Capitol. The | exemption. Texas and Ohio passed sim- | development, and production of strate- 
ceremony marked the first time since | ilar legislation during 1989. gic materials. 
1792 that official U.S. coins were struck In June, the U.S. Forest Service an- 

outside of a U.S. Mint facility. The en- | nounced that, effective May 1, 1990, it | __.. —s 
abling legislation provided for surcharges | will require certification of its examin- | PRODUCTION 
from the sale of the coins to go to the | ers who investigate and evaluate unpat-_|_-4-,SYN-T7HJ-7.T7J}>+74*C‘SIT_— 
U.S. Capitol Preservation Commission | ented mining claims located on Na- 
to maintain and restore the Capitol. Up | tional Forest System lands. Under the Of the 266 metric tons of gold (8.5 
to 2,239 kilograms (kg) (72,000 ounces’) | certification program, mineral examin- | million ounces) produced in the Na- 
of gold and 33,090 kilogram (1.064 | ers will have to be mining engineers or | tion, 75% was attributed to the 25 
million ounces) of silver will be used in | geologists and have had training in | leading producers. The average recover- 

minting the coins. mineral examination, experience in | able gold content of precious metals 
In 1989, legislation affecting gold | mining claim validity examinations, | ores processed from lode mines was 

was enacted by a number of States. | surface use determinations, or mining | 1.37 grams per metric tons (0.04 ounce 
Laws regulating the use of cyanide in | law-related actions. The new certifica- | per short ton), while placer gravels 
gold and other mineral processing op- | tion process pertains only to Forest | yielded an average of 1.23 grams per 
erations were enacted in Montana and | Service employees. Private mining con- | cubic meter (0.03 ounce per cubic yard) 
South Dakota. A new Montana law | sultants wishing to perform mineral | of material washed. 
requires that small placer or dredge | examinations on the National Forest The individual company production 
mining operations that disturb 0.8 or | lands will have to meet the same qual- | and performance data in this chapter 

GOLD MINERALS YEARBOOK—1989 455



TABLE 1 | 

SALIENT GOLD STATISTICS 

1985 1986 1987 1988 1989 

United States: 

Mine production kilograms 75,495 116,297 153,870 200,914 265,541 

Value thousands $771,035 $1,376,860 $2,216,026 $2,831,281 $3,266,208 

Percentage derived from: 

Precious metal ores | 92 96 91 Ww Ww 

Base-metal ores 5 2 6 WwW WwW 

Placers 3 2 3 2 2 

Refinery production: | | 

Domestic and foreign ores kilograms 64,583 75,618 112,368 137,829 183,685 

. Secondary (old scrap) do. 49,824 47,266 63,843 52,807 36,895 

Exports: | 

Refined do 89,837 110,555 71,177 271,335 123,599 

Other do. 33,541 44,810 48,453 56,902 87,492 

Imports for consumption: | 

Refined do. 197,849 429,242 75,365 57,590 96,967 

Other do. 58,008 60,621 44,174 ™34,867 55,537 

Gold contained in imported coins! do. 64,198 34,245 33,716 717,947 2 13,218 

Net deliveries from foreign stocks in 

Federal Reserve Bank do. 15,054 145,938 95,146 208,277 132,231 

Stocks, Dec. 31: 

Industry? do. 18,538 28,771 23,390 *38,360 24,828 

Futures exchange* do. 65,628 87,370 81,647 44,634 69,727 

Volume of U.S. Gold Futures Trading> metric tons 24,723 26,365 33,100 29,920 31,330 

Department of the Treasury: 

American Eagle gold coin sales kilograms — (°) 782,704 717,416 716,544 

Bicentennial of the U.S. Congress® — — — — 1,508 

Bicentennial of the U.S. Constitution coin , 

sales do. — — () 106,463 — 

U.S. 1988 Olympic coin sales !! do. — — — 2,477 93 

Consumption in industry and the arts do. 96,318 97,234 100,566 *97,842 98,742 

Price: '!* Average per troy ounce $317.66 $368.24 $447.95 $438.31 $382.58 

Employment '% 6,900 8,300 11,100 13,100 15,000 

World: 

Production, mine kilograms 1,531,858 1,602,215 1,658,142 P 1,847,840 © 1,971,004 

Official reserves !¢ metric tons 35,616 35,625 35,563 35,763 35,538 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

1 Calculated by the Gold Institute from reports by the Bureau of the Census. 
2 Beginning 1988 net imports (exports). 
3 Unfabricated refined gold held by refiners, fabricators, dealers, and U.S. Department of Defense. 

* Commodity Exchange Inc. only. Stocks held by other exchanges estimated to be less than 2% of totals shown. 

5 Exchanges: Commodity Exchanges Inc., Chicago Board of Trade International Monetary Market (1987-88 only), and Mid-America Commodity Exchange. 

® Sales program began on Oct. 20, 1986; sales adjusted and included in 1987 total. 

7 Fiscal year begins Oct. 1 of previous year indicated. . 
8 Sales program began June 14, 1989. 

9 1987 sales included in 1988 based on fiscal year beginning Oct. 1. ~ 

0Total sales, program began July 1, 1987, and ended June 30, 1988. 
'l Sales program began Feb. 15, 1988; completed June 3, 1989. 
12 Engelhard Industries quotation. 

'3 Mine Safety and Health Administration. 
14 Held by market economy country central banks and governments and international monetary organizations. Source: International Monetary Fund. 
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including the references cited at the end of _ TABLE 2 . 

this report were derived from published | MINE PRODUCTION OF GOLD IN THE UNITED STATES, BY STATE 
sources such as company annual reports. | 

(Kilograms) 

Alaska 

Gold was the most valuable mineral State 1985 1986 1987 1988 1989 
product, accounting for 39% of total | Alaska! 1,391 1,501 3,812 4,210 5,756 

mineral production revenues. According | Arizona 1,619 Ww 1,791 4,549 2,810 
to a Summary of 1989 Mineral Activity | California — 5,842 13,238 18,277 22,442 29,804 
prepared by the Alaska State Div. of | Colorado 1,347 3,743 5,561 5,126 3,448 
Geological and Geophysical Surveys | ano 2 ~SOSC~*«~*CSCTB 2,191 3,041 3,218 3,057 
(DCGS), gold production was reported | ——————_—_— 
from 222 operations; 217 placer mines Michigan Ww Ww w Ww w 
and 5 lode mines.” The total number of | Montana 4,985 Ww 7,143 9,175 11,623 
operations in 1988 according to DCGS | Nevada 39,692 * 65,330 83,342 114,322 154,573 
was 211. Gold production in Alaska of | New Mexico 1,401 1,240 W Ww 1,076 
5,756 kg (185,055 ounces) was reported | North Carolina — (’) — — — 
to the Bureau of Mines by 17 operations. | Oregon Ww WwW Ww Ww Ww 

However, an informal annual survey by | South Carolina WwW WwW WwW WwW w 

the DGGS suggested that 8,852 kg | South Dakota 11,076 W WwW 13,981 16,123 
(284,616 ounces) was produced. Utah. —«*4,214 Ww Ww Ww w 

Alaska’s largest gold producer in Washington Ww Ww Ww Ww w 

1989, the Valdez Creek Mining Co.’s | “yo)S*~C~«~<C:*«~SS DS 116,297 153,870 200,914 265,541 
placer operation east of Cantwell, PTO Tg 

duced 2,237 kg (71 942 ounces) of raw These figures, reported te the Bureau of Mines. orobebly understate production, Data collected by the State indicate production to have 

unparted gold during the 1989 operating | been as follows, in kilograms: 1985—5,910; 1986—4,977; 1987—7,154; 1988—8,258; and 1989— 8,852. 

season. The Alaska Gold Co. operated | “1s: than 1/2 unit. 
its two onshore gold dredges at Nome 
while offshore of Nome Western Gold 
Exploration and Mining Co. Ltd. Part- | reau of Mines and by representives | transferred ownership of the facility 
nership (WestGold) recovered about 899 | from Alaskan State, educational, and | to Elders Resource Finance Inc. of 
kg (29,000 ounces) of gold with its min- | industrial organizations.° Australia. 
ing vessel, the BIMA. A brochure on Placer Mining in Exploration for gold continued to be 

Five lode mines reporting production | Alaska prepared by the U.S. Bureau of | widespread throughout Arizona. Explo- 
during the year were: the new Greens | Land Management was published in | ration accompanied by drilling was con- 
Creek Mine near Juneau, the State’s | 1989. The brochure provided an overview | ducted at a number of properties, includ- | 
second largest gold producer, the Ryan | of placer mining methods used on public | ing the following: the Yarnell Mine in 
Lode Mine, the Grant Mine, and the | lands in Alaska and offered suggestions | Yavapai County by joint-venture part- 
Democrat Mine, all located near Fair- | for avoiding or reducing the environmen- | ners ASARCO Incorporated and Nor- 
banks, and the old Independence Mine | tal effects of placer mining and for rec- | gold Resources Inc. and the Mexican Hat 
near Hatcher Pass. lamation of placer mining sites.* property in Cochise County by venture 

Following a trend established in recent partners Placer Dome U.S. Inc. and 
years, funds expended by corporations | Arizona Oneida Resources Inc. Other sites in- 
exploring for precious metals accounted At Arizona’s largest gold mine, Cy- | cluded DRX Inc.’s Commonwealth prop- 
for nearly 92% of the $46 million spent | prus Gold Co.’s Copperstone Mine near | erty and Queenstake Resources Ltd.’s 

in 1989. Of funds expended, 59% was on | Quartzite in LaPaz County, underground | Gold Prince Mine, both in Cochise 
three advanced gold exploration pro- | development was suspended because | County; and East West Minerals Inc. at 

_ | jects: the Fort Knox Mine project of | lower ore grades were encountered. How- | the Clementine Mine, U.S. Borax and 
Fairbanks Gold Ltd. near Fairbanks and | ever, the company continued the open pit | Chemical Corp. at the Picacho project, 
Echo Bay Mines Ltd.’s two advanced | operation. Copperstone had a productive | and Westmont Mining Inc. and Aur Re- 
projects—the rejuvenation of the old A- | capacity of nearly 2,200 kg (70,000 | sources Inc. at the Newsboy deposit, all 
J Mine at Juneau and the Kensington | ounces) per year. in Maricopa County. 
Mine project at Berners Bay, 80 km (50 Several mines produced gold-bearing 
miles) north of Juneau. flux ore that was shipped directly as a | California 

The relaxation of tensions between | flux to copper smelters where the gold For the third consecutive year, Califor- 
the U.S.S.R. and the United States | values were ultimately recovered as a | nia has ranked as the Nation’s second 
resulted in an exchange during 1989 of | byproduct of copper refining. largest gold-producing State. Three Cal- 

visits by scientific personnel from both After less than 1 year of operation, | ifornia gold mines, McLaughlin, Mes- 
countries. Gold Mines in the Magadan | mining at the McCabe Mine in Yavapai | quite, and Jamestown, were among the 
Oblast region of neighboring Siberia | County was halted in early 1989. The | top 25 gold producers during 1989. 
were visited by personnel from the Bu- | owner, Stan West Mining Corp., later The McLaughlin Mine of Homestake 
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Mining Co., located about 113 km (70 | included the following: Viceroy Re- | heap leaching combined. The decision 
miles) north of San Francisco, produced | sources Corp.’s Castle Mountain prop- | necessitated the amendment of the com- 
a record 8,823 kg (283,843 ounces) of | erty in San Bernardino County, Amax | pany’s mining permit and was expected 
gold during 1989. A new oxide ore proc- | Gold’s Hayden Hill property in Lassen | to delay the targeted startup until early 

essing circuit commissioned in early 1989 | County, Centurion Gold Ltd.’s Grey | 1991. The San Luis project was expected 
and new cost control measures initiated | Eagle Mine and American Gold Min- | to yield about 1,870 kg (60,000 ounces) 
during the year combined to improve | eral Inc.’s Siskon Mine in Siskiyou | of gold per year for at least 8 years. 
productivity and led to an increase in | County, and the Long Valley prospect The Empire (Grace) Mine project that 
production of 2,489 kg (80,016 ounces) | of Royal Gold Inc. and Standard In- | was expected to produce in 1989 was 
over that of 1988. California’s second | dustrial Minerals Inc. in Mono County. | further delayed while the owner, Nevada 
largest gold mine, the Mesquite Mine Goldfields Corp., negotiated a joint ven- 
owned by Gold Fields Mining Corp., | Colorado ture for further exploration and develop- 
recovers about 5,750 kg (185,000 ounces) A nearly 33% decline in gold pro- | ment. The proposed open pit heap- 
annually using heap leaching. Gold ore, | duction from the previous year re- | leaching project is located in Clear Creek 
mined from several surface deposits at | flected to some extent the closure of | County about 64 km (40 miles) west of 
the Imperial County site, was processed | two mines and the failure of several new | Denver. 
and stacked on the heaps at a rate of | mines to reach production. | Exploration and development was con- 
about 18,000 metric tons per day. The principal producing gold mines | tinued at a number of other Colorado 

Improved gold recovery and higher | were the Summitville Mine in Rio | gold properties, including the Platoro 
throughput of ore contributed to an | Grande County, the Sunnyside Mine at | gold-silver mine in Conejos County, 
increase in gold production to 3,461 kg | Silverton, and the combined operations | Levon Resources Ltd.’s Carbonate Hill 
(111,300 ounces) in 1989 at the | of the Cripple Creek and Victor Mining | property in Teller County, and Hen- 
Jamestown Mine in Tuolumne County. | Co. in Teller County. Several other | dricks Mining Co.’s Cross Mine, an un- 
The large surface mine opened in late | smaller producers such as the Bessie G | derground mine at Caribou in Boulder 
1986 by Sonora Gold Corp. employed | Mine in La Plata County were also | County. 
flotation methods to produce a gold | active during the year. 
concentrate. The concentrate was proc- Mining at Galactic Resources’ sea- | Idaho 
essed for gold recovery at the Buckskin | sonal Summitville Mine was halted in The number of active exploration pro- 
leach plant at Yerington, NV. mid-June following the discovery of an | jects in Idaho, dominated by interest in 

Several new mines began production | unstable area in the embankment of the | precious metals, increased from 68 in 1988 
in 1989, and several others were closed. | leach pad. About 170 employees were | to 82 in 1989 according to a review of State 
The new Royal Mountain King Mine | laid off and studies to remedy the leach | mineral activities prepared by the Idaho 

near Copperopolis, Calaveras County, | pad problem were initiated. Leaching | Geological Survey.” The State defined an 
began open pit mining and milling in | of previously mined ore continued, and | active project as one that had some sig- 
February. This new mine, owned by | nearly 1,000 kg (32,000 ounces) of gold | nificant work such as sampling and trench- 
Meridian Gold Co. and Mother Lode | was recovered. More than twice that | ing or drilling, not just claim staking. 

Gold Mines Consol., was expected to | amount was recovered during the pre- Despite the heightened level of explo- 
recover about 1,866 kg (60,000 ounces) | vious year. ration that may eventually lead to in- 
of gold annually. In September, the Underground mining operations at | creased production, total Idaho gold pro- 
American Girl Mining Corp. poured | the Sunnyside Mine in San Juan | duction during 1989 remained near the 
the first gold at its new open pit heap | County were continued by the mine’s | level achieved during the previous year. 
leaching American Girl Canyon Mine | operator and owner of a 33% share, | Producing gold mines in Idaho during 
in Imperial County. The Carson Hill | Washington Mining Co. Gold produc- | 1989 included Nerco Minerals Co.’s 
Mine: at Angels Camp, Calaveras | tion during the year declined about 5% | DeLamar Mine in Owyhee County, Pio- 
County, closed in October. Leaching of | from that of the previous year to about | neer Metals Corp.’s Stibnite-West End , 
previously mined ore and site reclama- | 921 kg (29,612 ounces). and Coeur d’Alene Mines Corp.’s Thun- : 
tion were proceeding at yearend. The In Teller County, Cripple Creek and | der Mountain Mine, both in Valley 
Sixteen-To-One Mine in Sierra County | Victor Gold Mining Co. recovered | County, and Idaho Gold Corp.’s newly 
was placed on a care-and-maintenance | nearly 1,100 kg (34,507 ounces) of gold | opened Champagne Mine in Idaho 
status late in the year. from its Mine Dump Rock and Gold | County. All of these properties were 

In September, Bond International | Star Projects and its Portland open pit. | open pit heap-leaching operations, ex- 
Gold Inc. sold its 67% interest in the | Mining of the Portland pit was com- | cept that DeLamar also employed a vat- 
Yuba dredge placer operation near | pleted and reclamation of the affected | leaching recovery system. 
Marysville, Yuba County, to WestGold. | area was being planned at yearend. The Nerco announced that it had begun 
Yuba dredge reportedly recovered 732 | company reportedly had several new | development of its Stone Cabin deposit, 
kg (23,540 ounces) gold during the | local exploration projects under study. | formerly referred to as Florida Moun- 
fiscal year ending June 30, 1989. Battle Mountain Gold Co. decided in | tain. Stone Cabin is adjacent to the 

While a dozen or more other mines | early 1989 to modify its mining plan at | DeLamar Mine. The property, reportedly 
continued to produce gold in Califor- | its developing San Luis project in Cos- | containing more than over 18,000 kg 
nia, other properties undergoing explo- | tilla County and thereby limit gold recov- -| (580,700 ounces) of recoverable gold, 

ration or moving toward production | ery to milling only rather than milling and | was to be developed as a satellite opera- 
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tion of the DeLamar Mine with mining | the 9-month period prior to closure. Blue Range Mining Co.’s Geis Mine, | 

projected to begin by early 1992. Nerco both in Fergus County. Operations at 

also signed an agreement with War Eagle | Montana another Fergus County mine, the Spot- 

Mining Co. Inc. to explore War Eagle’s Mining and mineral developments in | ted Horse, were suspended during the 

claims on War Eagle Mountain about 6.4 | Montana during the year were summa- | year, reportedly for economic reasons. 

kilometers (4 miles) east of Nerco’s | rized in a report prepared by the Mon- Numerous, generally small, intermit- 

DeLamar property. tana Bureau of Mines and Geology.® The | tent placer operations were active along 

Hecla Mining Co.’s Yellow Pine unit | number of mining plans, most of which | favorable drainages in Western Montana. 

in Valley County did not operate during | included gold, filed with the U.S. Forest | In September, Highland Gold Properties 

the 1989 season. Instead, a new $4.5 | Service increased from 246 plans in 1988 | Inc., working their placer claims in 

million heap-leach facility was con- | to nearly 400 in 1989. Similarly, mineral | Cooley Gulch on the Fish Creek drainage 

structed. Startup of the new plant was | exploration, again focused primarily on | in Silver Bow County, recovered an 855 

scheduled for the second quarter of | gold, continued to expand. The State re- | gram (27.495 ounce) nugget; reportedly | 

1990 with an anticipated seasonal out- | ported that 35 new State exploration | the largest gold nugget found in Mon- 

put of about 1,900 kg (60,000 ounces). | permits were issued during the year, | tana during this century. 

U.S. Antimony (USAC) continued to | bringing the total to 210 compared with 
process ore from its various mining | 192 in 1988 and only 56 in 1982. All Nevada 

operations at its mill at Preacher’s | mining activity in Montana, whether on Nevada’s percentage contribution to 

Cove in Lemhi County. The company | private, State, or Federal land, is regu- | the Nation’s total gold production in- 

signed joint-venture agreements with | lated by the Montana Department of | creased yet again over that of the pre- 

WestGold to further explore USAC’s | State Lands. Exploration, including dril- | vious year. Fifteen of the Nation’s lead- 

.| Yellow Jacket Mine and Estes Moun- | ling, sampling and mapping, was contin- | ing 25 gold mines during 1989 were 

tain property, both in Custer County. | ued at many properties throughout the | located in Nevada. 

Grouse Creek Mining Co., a subsid- | mineralized areas of the State, and some Newmont Gold Co. (NGC), with op- 

iary of CoCa Mines Inc. of Denver, | properties were moved a step closer to- | erations generally centered in Eureka and 

moved ahead with development of its | ward development and production. Elko counties near the town of Carlin, 

Grouse Creek deposit and newly ac- Gold production from Montana’s ac- | was once again the largest gold producer 

quired Sunbeam property on nearby | tive mines increased 27% over the previ- | in Nevada as well as in the Nation and in 

Jordan Creek in Custer County. A new | ous year, reflecting in part, improved | North America. As the largest producer, 

milling process was devised that would | performance at some operations plus the | NGC also controlled the Nation’s largest 

work with both deposits as well as | contribution of newly opened mines, in- | block of gold ore reserves; exploration by 

address concerns of environmentalists. | cluding the Beal Mountain Mine and the | the company increased reserve by 27% 

A conventional milling technique with | Mineral Hill Mine. during 1989 to a total of 640 metric tons 

zero discharge was selected and should The new Mineral Hill Mine at Jar- | (20.7 million ounces) contained in 10 

be operational by 1992. dine in south-central Park County | deposits located along a northwest- 

Interest in the potential for further | opened in September. Mineral Hill, an | trending geological structure frequently 

gold discoveries in the Salmon area in | underground operation and joint ven- | referred to as the Carlin trend. During 

Lemhi County, Southwestern Idaho, | ture of American Copper and Nickel | the year, NGC produced a record 45,648 

were heightened by the 1988 discovery | Co. and Homestake, was initially ex- | kg (1.47 million ounces) of gold from ore 

by Meridian Minerals Co. of their large | pected to produce about 1,300 kg | mined at six open pits in Eureka and 

Beartrack deposit. Among the compa- | (42,000 ounces) annually. Elko Counties. Newmont also operated 

nies reported by the State to be explor- In June, Pegasus Gold opened its new | five separate mills and four leaching fa- 

ing in the Salmon area during the year | open pit Beal Mountain Mine at German | cilities in the same counties. The compa- | | 

were AMAX, American Gold Resources | Gulch Southwest of Butte, Silver Bow | ny’s Gold Quarry Mine in Eureka 

Corp., Corona Gold Inc., FMC Gold | County. The new heap-leaching opera- | County produced almost as much gold 

Corp., GEXA Gold Corp., Hecla, | tion was designed to produce nearly | during 1989 as the entire Nation pro- 

Homestake, Placer Dome, Sovereign Ex- | 1,100 kg (35,000 ounces) per year over a | duced in 1980. According to the com- 

plorations Inc., and many others. mine life conservatively estimated at 10 | pany, total production costs, including 

years. Pegasus also operates three other | deprecation depletion and amortization, 

Michigan large gold mines in Montana: the | were $273 an ounce in 1989 compared 

In early October, Callahan Mining | Zortman/Landusky Mine in Phillips | with $266 an ounce the previous year. 

Corp. of Phoenix, AZ, announced that | County; the Montana Tunnels gold, sil- | Pursuant to a decision announced the 

its Ropes gold mine, near Ishpeming, | ver, lead, and zinc mine in Jefferson | previous year, NGC moved its corporate 

MI, the Nation’s only underground gold | County; and the Basin Creek Mine, for- | headquarters from New York to Denver, 

mine east of the Mississippi, had been | merly known as the Pauper’s Dream | CO, in 1989. 

shut down indefinitely owing to the low | Mine, in Lewis and Clark County. Other American Barrick Resources Corp. 

price of gold and ground control problems | principal gold-producing mines in the | planned to develop its Betze deposit sul- 

near the main production shaft. Nearly | State include Placer Dome’s Golden | fide reserve and its Post deposit oxide 

550,000 metric tons of ore bearing 2.33 | Sunlight mine in Jefferson County near | reserves at the company’s Goldstrike 

grams per metric ton (0.069 ounce per | Whitehall, the Kendall Mine of Canyon | Mine. Goldstrike, adjacent to NGC’s | 

short ton) was hoisted and milled during | Resources Corp. near Lewistown, and | operations on the Carlin trend in north- 
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ern Eureka County, was one of the lead- | from the company’s Canyon Placer | claims had been located mostly in north- 
ing gold-producing mines in 1989. Dur- | Mine and two open pit lode mines, the | ern Malheur County, thus bringing the 
ing 1989, Goldstrike yielded more than | Fortitude and the Surprise. county total to more than 21,000. Explo- | 
6,446 kg (207,264 ounces), well above its The world’s largest heap-leach gold | ration drilling was done on at least 16 
production target of 5,598 kg (180,000 | mine, the Round Mountain Mine in | properties. In the meantime, at Grassy 

| ounces). In June, Goldstrike received the | Nye County, completed a2 year expan- | Mountain, Atlas continued drilling while 
first of six 1,500-ton-per-day autoclaves | sion program in 1989 that effectively | preparing feasibility studies and collect- 
to be installed to convert the mine’s | doubled its tonnage capacity. Pub- | ing supporting environmental and water- 
gold-bearing sulfide ores to oxides for | lished company data reported gold pro- | quality data. An operating plan calling 
subsequent cyanide treatment and gold | duction during the year at 9,909 kg | for the development of two open pits and 
recovery. Construction and commission- | (318,616 ounces). In January, the | aheap-leach recovery system was submit- 
ing of the new autoclave was completed | mine’s owners, Homestake, Echo Bay, | ted to the U.S. Bureau of Land Manage- 
near yearend. Exploration by Barrick in | and Case Pomeroy & Co., merged Echo | ment in November. | 
the Goldstrike area encountered three | Bay’s nearby properties, including the Also in northern Malheur County, 
new areas of gold mineralization. Manhattan mill, into the Round Moun- | Chevron Resources Co. continued ex- 

Nevada’s second largest gold mine | tain operations, thereby enabling the | ploration of three different areas, in- 
and the fourth largest in the Nation, | mine to achieve better recovery rates on | cluding their Hope Butte and Quartz 

_| the Jerritt Canyon Mine of Freeport | its high-grade ore than could otherwise | Mountain properties. 
McMoRan and FMC in Elko County, | be achieved by heap leaching. In Lake County, south-central Ore- 
reported gold production of 9,234 kg Just west of the town of Beatty in | gon, Quartz Mountain Gold Corp. 
(296,900 ounces) during 1989 at a pro- | Southern Nye County, Bond Gold Bull- | formed a joint venture with Pegasus 
duction cost of $166 per ounce. Free- | frog Inc. poured ‘its first gold in July at | Gold to further explore and develop a 
port also holds a majority interest in | the newly commissioned Bullfrog Mine | mine plan for two large gold deposits 
the nearby Big Springs Mine where | and mill. Bullfrog was expected to produce | discovered in 1986. 
1,882 kg (60,500 ounces) was pro- | more than 6,344 kg (204,000 ounces) in 
duced. During the year expansion pro- | its first full-year of production. Several | South Carolina 
grams begun the previous year at both | kilometers to the east the U.S. Nevada Near the town of Ridgeway in Fairfield 
mines were completed. New and pro- | Gold Search Joint Venture began pro- | County, the Ridgeway Mine of Ridgeway 
prietary ore-roasting facilities became | duction near yearend at its new open pit, | Mining Co. completed its first full-year 
operational in June at Big Springs and | heap-leaching Mother Lode Mine. of operation. The first year’s perform- 
in September at Jerritt Canyon. The The mines previously mentioned | ance at the new mine, a joint venture 
roasting facilities increased the mines’ | were only a small portion of the scores | between Galactic Resources Ltd. and 
ore reserve base and production capac- | of gold properties in Nevada that were | the RTZ Corp. PLC, was consistently 
ities by allowing the milling of previ- | in operation during 1989, undergoing | in excess of expectations, producing 
ously unacceptable ore. design, construction or permitting, ex- | 5,365 kg (172,505 ounces) of gold com- 

In Lander County, expansion work | panding production capacity, or in var- | pared with a budgeted production of 
on Echo Bay’s McCoy-Cove gold and | ious stages of exploration from claim | 4,978 kg (160,064 ounces). According to 
silver mine moved ahead with comple- | staking to reserve evaluation. Galactic Resources, the average produc- 
tion of a new mill in July and the tion cost during 1989 amounted to $140 
driving of two access ramps, one to 183 | Oregon per ounce, significantly lower than the 
meters (600 feet) below the surface at A State-prepared review of mining in | $167 per ounce expected earlier. The 
the Cove deposit and another 274 | Oregon during 1989 listed 10 active gold | lower cost reportedly reflected high mill 
meters (900 feet) below McCoy. Under- | mines; 2 seasonal lode mines, the Pyx throughput, enhanced recoveries, and 
ground mining at Cove began in De- | and the Lower Grandview; and 8 placer | low reagent consumption. | 
cember. Gold production from both | mines.’ Of the 34 active exploration sites Despite lower gold prices and produc- 
surface and underground workings at | and areas in Oregon during the year, only | tion delays attributed to bad weather, 
McCoy-Cove more than doubled dur- | 4 sought commodities additional to gold. | Piedmont Mining Co.’s Haile Mine near 
ing 1989 to 6,673 kg (214,566 ounces). Oregon’s total gold production for the | Kershaw in Lancaster County produced 
Underground problems related to poor | year was attributable mostly to the Bo- | an increased amount of gold compared 
ground conditions and substantial wa- | nanza Mining Co.’s 46 cubic meter per | with the previous year. Gold production 
terflows at Cove forced the company to | day (60 cubic yd per day) placer opera- | at the open pit, heap-leaching operation 
modify its planned underground min- | tion on Pine Creek in Baker County. The | was 481 kg (15,458 ounces) in 1989 com- 
ing rate. A problem related to contam- | State reference noted that although strip- | pared with 365 kg (11,738 ounces) in 
inated samples derived by reverse- | ping and mining progressed in one area | 1988. Surface mining and heap leaching 
circulation drilling below the water | of the pit, backfilling and site reclama- | was continued at the Brewer Mine just 
table resulted in a substantial negative | tion was proceeding in another part. west of Jefferson in Chesterfield County. 
revision of Cove’s ore reserves. The rush precipitated by the 1988 dis- | The mine, opened in 1987, is owned by 

At the nearby Lander County oper- | covery of the large Grassy Mountain | Westmont Mining Inc. 
ations of Battle Mountain Gold Co., | deposit in Malheur County by Atlas Pre- In McCormick County, Gwalia 
more than 7,800 kg (251,000 ounces) of | cious Metals Co. accelerated during | (U.S.A.) Ltd., a wholly owned subsid- 
gold was recovered during the year | 1989. Near yearend, close to 8,000 new | iary of Gwalia International Ltd. of 
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Perth, Western Australia, conducted MinVen Gold Corp. completed its | land that could be mined at any one 
exploration and drilling aimed at re- | first full year at its Gilt Edge Mine | time by large-scale precious metals min- 
opening the old gold mines around the | located 6.4 km (4 miles) south of Lead. | ing companies in the Black Hills. 
town of McCormick. The old mines, | In early 1989, the company submitted a 
including the old Dorn Mine, produced | Plan to the U.S. Forest Service that, if | Utah 
gold between the 1850’s and 1930’s. | approved, could quadruple the size of The year witnessed the first full-year 
Gwalia’s operation was referred to as the new open pit, heap-leaching facil- of copper and byproduct gold produc- 
the Barite Hill Project. ity. The expansion was aimed at utiliz- tion at the giant Bingham Canyon Mine 

ing the mine’s sulfide ore deposits ad- | near Salt Lake City since completion 
South Dakota jacent to, and deeper than, the oxide | of a $400 million modernization pro- 

Gold was produced by five primary | °% presently being mined. gram begun several years earlier. Bing- 
gold mines, including the Homestake An environmental group based in | ham Canyon, owned by RTZ and oper- 

Mine, the Nation’s third largest. All five Rapid City filed a petition in November ated by the Kennecott Corp., was the 
mines were located in Lawrence County. to place an acreage limit on Black Hills | Nation’s second largest producer in 

The 114-year-old Homestake Mine’s surface mining. The group wants an | 1989 of both copper and byproduct 

| . . initiative on the November 1990 general | gold. The mine was the State’s largest 
production in 1989 was 11,874 kg | gtection ballot that would limit to 1,255 producer of both gold and silver. In 
“ ee 7 unre’) ow 13a ke G90, is hectares (3,100 acres) the amount of | the fall of the year, Kennecott began 

ounces). Homestake operated both sur- 

face and underground mines at the town TABLE 3 
of Lead. The surface operation, referred TWENTY-FIVE LEADING GOLD-PRODUCING MINES IN THE 
to as the Open Cut, was begun in 1985, UNITED STATES IN 1989, IN ORDER OF OUTPUT 

‘on the site of the original 1876 gold 

strike. During the year Homestake proc- Oe Countyandt—(‘i‘<—SSS””~”SCSourrcee OF 
essed about 2.3 million metric tons of ore | R4"k Mine State Operator gold 
from both the surface and underground | 1 Carlin Mines Complex Eureka, NV Newmont Gold Co. Gold ore. 

operations. The grade of underground | > Bingham Canyon ‘Salt Lake, UT Kennecott-Utah Copper. Copper 
ore declined about 4% to 6.17 grams per Corp. ore. 

metric ton (0. 180 ounce per Short ton) | 3 Homestake Lawrence, SD Homestake Mining Co. Gold ore. 

and, this, combined with slightly higher | “4 Jerritt Canyon (Enfield Elko, NV ~~”~“Freeport‘McMoRan Gold. =o. 
labor costs, caused production costs to Bell) Co. 

increase slightly to $301 per ounce. Dur- | 5 Smoky Valley Common Nye, NV Round Mountain Gold Do. 
ing the year Homestake completed con- Operation Corp. 

struction of a new plant to process tail- | 6 Mesquite Imperial, CA Goldfields Mining Co. Do. 

ings dam water for an expected annual | 7 McLaughlin Napa, CA Homestake Mining Co. Do. 

recovery of an additional 218 kg (7,000 8 Sleeper Humboldt, NV Amax Gold Inc. Do. 

ounces) of gold. Exploration, mostly be- 9 Fortitude and Surprise Lander, NV Battle Mountain Gold Co. Do. 

aod 38 000 FOR nillion 10 Chimney Creek Humboldt, NV Gold Fields Mining Co. Do. 
> - 11 Ridgeway Fairfield, SC Ridgeway Mining Co. - Do. 

ounces) va Bane ond Hill ine, b e- 12 McCoy and Cove Lander, NV Echo Bay Mining Co. Do. 

gan production in early 1989 at its 13 Paradise Peak Nye, NV FMC Gold Co. Do. 

Richmond Hill Mine located 8 km (5 | 14 Goldstrike Eureka, NV Barrick Goldstrike Mines Do. 

miles) northwest of Lead. The new | —————___ me 
open pit, heap-leaching mine was ex- 15 Cannon Chelan, WA Asamera Minerals (U.S.) Do. 

pected to produce about 1,244 kg ne 
(40,000 ounces) of gold annually. 16 Getchell Humboldt, NV FMG Inc. Do. 

Wharf Resources (USA) Inc. continued | 17 Mercur Tooele, UT Barrick Mercur Gold Do. 
production at its Annie Creek open pit, Mines Tn 
heap-leaching operation near Terry 18 Golden Sunlight Jefferson, MT Golden Sunlight Mines Do. 

rea. An ue at ixperted ta ine retee 19 Jamestown Tuolumne, CA Sonora Mining Corp. Do. 

Wharf’s 1989 production by about 20 Zortman-Landusky Phillips, MT Pegasus Gold Inc. Do. 

30% over the previous year’s level of | 2! __Borealis «Mineral, NV__—s Echo Bay MiningCo. Do. 
1,850 kg (59,500 ounces). Golden Re- | 22 Crofoot and Lewis Humboldt, NV Hycroft Resources & Do. 

ward Mining Co. began production at | ——————_____ SSCS evelopment Inc, 
its new open pit and heap-leaching 23 Florida Canyon Pershing, NV Florida Canyon Mining Do. 

Golden Reward Mine in November. The | ———————__———— re 
first gold bar was poure d in mid- 24 Rochester do. Coeur Rochester Inc. Do. 

December. 25 Robinson Project White Pine, NV Alta Gold Co. Do. 
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TABLE 4 

GOLD PRODUCED IN THE UNITED STATES, BY STATE, TYPE OF MINE, AND CLASS OF ORE 

| Placer Lode 

Year and : {kilo- Gold ore Gold-silver ore Silver ore 
State grams Te TCO eee 

of Metric Kilograms Metric Kilograms Metric Kilograms 
gold) _ tons of gold tons of gold tons of gold 

1985 2,280 32,576,032 67,523 946,969 1,300 3,480,080 973 

1986 2,281 55,050,375 110,217 788,434 883 5,019,289 691 

1987 5,082 84,195,951 137,832 WwW WwW 7,944,696 1,235 : 

1988 4,754 127,883,933 ™181,191 WwW WwW 9,573,505 2,075 

1989: ne TO oo a nn 
Alaska WwW WwW W — — — — 

Arizona WwW 744,746 1,380 — — | — — 
California WwW W WwW — — — — 

Colorado 22 WwW W — — — — 

Idaho WwW WwW Ww WwW WwW WwW WwW 

Michigan — W W — — — — 

Montana (’) 14,857,997 9,720 — — WwW Ww 

| Nevada WwW 112,136,682 153,506 32,173 249 WwW WwW 

New Mexico — WwW WwW — — — — 

Oregon WwW 23 () — — | — — 

South Carolina — WwW W — — — — 

South Dakota — 6,183,359 16,048 — — — — 

Utah — 4,440,675 5,129 WwW WwW 292,175 | 21 

Washington — 7 W WwW — — — — 

Total 5,711 170,287,482 237,032 W W 4,450,703 505 
Percent of total gold 2 XX 89 XX Ww XX (7) 

ide Total 
| Copper ore Other? 

Metric Kilograms Metric Kilograms Metric Kilograms 
tons of gold tons of gold tons of gold? 

1985 135,592,281 2,321 4,061,181 1,098 176,656,541 75,495 

1986 105,936,857 1,643 303,845 582 167,098,800 116,297 

1987 165,407,018 8,074 WwW WwW 258,668,990 153,870 

1988 *201,893,222 11,314 WwW W *340,614,832 200,914 

1989: a oO oO — an a 
Alaska — — WwW W 451,462 5,756 

Arizona : 141,807,608 1,398 W WwW 142,635,932 2,810 

California — — WwW W 20,061,024 29,804 

Colorado | — — W WwW 1,554,215 3,448 

Idaho 2,434,125 11 WwW OW 3,975,754 3,057 

Michigan — — — — WwW W 

Montana W W W W 20,999,774 11,623 

Nevada WwW WwW WwW W 115,829,846 154,573 

New Mexico W W — — 29,418,752 1,076 

Oregon — — — — WwW WwW 

South Carolina — — — — W W 

South Dakota — — 92 75 6,183,451 16,123 

Utah W W — — WwW WwW 

Washington — — — — W WwW 

Total 210,474,747 17,662 W W 389,237,866 265,541 

Percent of total gold XX 7 XX W XX 100 

"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” XX Not applicable. 

Less than 1/2 unit 

2 Includes lead, zinc, copper-lead, lead-zinc, copper-zinc, copper-lead-zinc ores, and old tailings, etc. 

3 Includes lode and placer production. 
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| TABLE 5 

LODE GOLD PRODUCED IN THE UNITED STATES, BY STATE 

Amalgamation Cyanidation Smelting of concentrates Smelting of ore Total 

Year and Ore Gold Ore Gold Or Concer Gold = Ore_~— Gold orocessed! gold 
State treated recovered treated recovered trated smelted recovered smelted recovered (metric recovered 

(metric (kilo- (metric (kilo- (metric (metric (kilo- (metric (kilo- tons) (kilo- 

tons) grams) tons) grams) tons) tons) grams) tons grams) grams) 

1985 18,880 116 35,926,506 64,970 140,510,381 2,921,563 7,207 200,774 71,063 176,656,541 273,356 

1986 771,321 1,048 58,664,524 104,422 107,528,173 2,575,228 78,171 134,782 2201 167,098,800 7113,842 

~ | 1987 | W W 88,876,729 129,812 169,472,280 3,430,726 17,548 W W 258,668,990 *148,788 

1988 WwW W 133,047,109 173,493 *207,228,838 3,969,256 21,057 W W 340,614,832 *196,161 

. 1989: TO 

Alaska — — WwW WwW W W W — — 451,462 25,756 

Arizona — — W W WwW W WwW W W 142,635,932 22,810 

California W W 17,878,351 25,355 W W W — — 20,061,024 WwW 

Colorado 112,036 510 : W W W W W W WwW 1,554,215 3,425 

Idaho — — 3,071,381 W 904,373 42,467 W — — 3,975,754 W 

Michigan — — WwW WwW — — — — — WwW W 

Montana — — 14,888,203 9,527 WwW W W W W 20,999,774 11,623 

Nevada — — 115,524,724 152,742 W W W W W 115,829,846 W 

New Mexico — — — — W W WwW W W 29,418,752 1,076 

| Oregon — — 23 (’) — — — — — 23 @) 
South Carolina — — W W — — — — — W WwW 

South Dakota — — 6,183,359 16,048 — — — 92 75 6,183,451 16,123 

Utah — — 4,732,850 5,150 WwW W W W W W W 

Washington — — | WwW W W W W — — WwW WwW 

Total W W 170,473,179 227,229 218,468,731 4,193,848 30,325 . W WwW 389,237,866 263,977 

‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 

1Includes old tailings and some nongold-bearing ores not separable, in amounts ranging from 0.15% to 0.25% of the totals for the year listed. 

2 Includes some placer production to avoid disclosing company proprietary data. . 

3Less than 1/2 unit. 

(nm ; 

gold production at its new Barney’s | under construction at yearend. ington County. The new open pit and 
Canyon Mine located 6.4 km (4 miles) Tenneco Minerals Inc., officially be- | heap-leaching operation has the capac- 
north of Bingham Canyon. The new | gan operations in May at its new Gold- ity to produce 1,244 kg (40,000 ounces) 
open pit and heap-leaching mine was | strike Mine near St. George in Wash- | each of gold and silver per year. 

designed to produce approximately 
2,500 kg (80,000 ounces) of gold per 

yee ah 4 mi TABLE 6 

the State’s Lnrwest pevditece of primary | GOLD PRODUCED IN THE UNITED STATES BY CYANIDATION’ 
gold, Barrick’s Mercur Mine in Toole | __-——ssssssssSSSsSFSSSSSSSSSSSSSSSeFeFeFFFSSSSSSSSSSSEeeeEe 
County, continued to operate at full Extraction in vats, tanks, Leaching in open 
capacity, producing 3,656 kg (117,536 | year ____and closed containers* ____heaps or dumps* 
ounces) of gold during 1989. A new Ore treated Gold recovered 4 Ore treated Gold recovered 

autoclave unit for processing sulfide | ________™etrictons)_—__(kilograms)__—_—_(metrictons) _—(Kilograms) _ 
ore completed its first full-year of op- | 1985 18,636,045 48,392 17,290,462 16,578 
eration. Throughput exceeded design | 1986 24,590,938 73,362 34,073,586 31,060 
capacity of 680 metric tons per day, and | 1987 29,408,635 74,807 59,468,094 55,005 
the unit reportedly achieved an average | 1988 * 30,784,205 100,817 102,262,904 72,676 

recovery rate of 81.4% for the year. | 1989 40,642,933 121,716 129,830,246 105,513 
Barrick reported that a majorincrease in | ‘Revised. 
gold production resulted from improve- say include small quantities recovered by leaching with thiourea, by bioextraction and by proprietary processes. 

ments at the mine’s dump-leaching facil- | say inctsde tailings and waste ore dumps. 
ities and that a third such facility WaS | ‘May include small quantities recovered by gravity methods. 
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Washington TABLE 7 

According to a review of Washington GOLD PRODUCED AT PLACER MINES IN THE UNITED STATES, 
State’s Mineral Industry prepared by the BY METHOD OF RECOVERY! 

State, Washington’s largest gold mine, 
the Cannon Mine at Wenatchee in Chee | SS 

| lan County, produced an estimated 4,454 Material eee 

kg (143,200 ounces) of gold and about Method of Mines Washing (housen d Value value 
9,330 kg (300,000 ounces) of silver dur- recovery producing plants cnbie uannity (thou- per 
ing 1989.® Comparable data for 1988 was meters) ems) sands) cubic 
about 4,510 kg (145,000 ounces) of gold | __-metor 
and about 7,775 kg (250,000 ounces) of | Bucketline | 
silver. The mine, a joint venture between | redging: | 
Asamera Minerals (U.S.) Inc., the oper- | 1985 4802687 810,185 83.366 
ator, and Breakwater Resources Ltd., is 1986 3 4 3,120 948 11,227 3.598 
the Nation’s second largest underground 1987 4 5 7,136 3,471 49,989 7.006 

gold mine. Underground exploration to 1988 3 4 5,775 2,590 36,497 6.320 
locate additional reserves was continued 1989 3 4 5,560 2,720 33,454 6.016 
by Asamera, especially in the northern | Draline 

and western extensions of the B-4 ore | dredging: | | 
zone, in the B-west ore body, and in the 1985 3 14 2119 3132 1,348 49 908 
B-north zone. Surface exploration was; 198i‘ ]}32€~CGZ””CtdKV5 C8 C8 416.823 
also conducted in the Wenatchee Heights | “jo9,7—=~C=—“‘:;7;€USéS]!té‘(i_‘ti‘a’gQR2710~2~2~™#«36@7.~«TA#COC*~*#«S8=«490 
area 5.6 km (3.5 miles) southeast of the | “jog, SS sssSsSs—<—~SCCTTSCStOtC—SSSC(“i‘“‘ KU 
mine. a 

Washington’s second largest gold 1989 
mine is the underground Republic Unit, | Hytaulickine: _ . 
or Knob Hill Mine, of Heclain Repub- | 1989 
lic, Ferry County. On May 26 the 2 1986 1 1 76 1 17 0.217 
millionth ounce (62.2 metric tons) of 1987 _— — _— _— _— — 
gold was hoisted from the Knob Hill 1988 — — | — — — — 

No. 2 shaft. This 541-meter (1,774 foot) 1989 — — — — — — 
inclined shaft has made over 4 million | Nonfloating 
trips since it was opened in 1940. Dur- | washing plants: | 

ing 1989, the Republic Unit recovered 1985 6 6 733 949 9,690 13.213 

| 2,312 kg (74,335 ounces) of gold and | 1986 4 4 211 781 9,244 43.852 
9,375 kg (301,432 ounces) of Silver. | 3997 sti‘(<( ;272*«~C* ]!®*#*‘“Cs;é‘;éC UO!!! U(U6S!!U~«CS«CCOB!C«CNLS 2G 
Hecla also completed modifications to 4os8.~C~=‘sSs*sétCSSs~CSsST SS C(‘it‘SOC‘CNS*#*#*#*#;~‘<SjO2=~#~*#é#é«‘«sk«SS~!~*#«O8L004 
the mine’s 52-year-old concentrator | “jo9g9=S*~*é<“‘<2CS~SS!!S!S!S!*S*C<C«SSCSCtCtO””C”~«~‘CS BA SSS*C«*d'S BS 
during 1989, raising its capacity from ee 

218 metric tons per day to 245 metric olacer, . | 
tons per day. Improved gold recovery | small-scale 
Circuits were also installed during the | mechanical and . 
overhaul. hand methods, 

Development was continued at Echo | Suction dredge: __ 
Bay and Crown Resources Corp.’s Kettle | 1985 = 9 9 A <$_( 2H. 43S 
River project. The project located in | _ 1986 24 24 679 438 5,180 7.631 
Ferry County, 18 km (11 miles) north of 1987 15 15 367 1,078 15,529 42.330 

Republic, includes the new Kettle and 1988 13 13 2838 31,862 26,225 431.292 

Overlook underground mines. Construc- 1989 20 20 21,404 32899 35,654 425.349 
tion of a new 1,260 metric-ton-per-day | Total placers:° 

automated flotation mill, employing | “jogs 3 43 2 4,353 32,280 23,284 45.118 
carbon-in-pulp and vat-leaching systems, 4986~*~<“‘i—s‘CsCsSC«SSSC“‘(CNCC C4?#O#~‘«‘=CS|»OOT:~~#~#~#~#«32281 ~~ ©«©*27,010 ~~ 46.309 
was comp'cted before yearend. Commer- 1987.~C~“<s—CtC“‘CSBSSSSCSOMSB;SIT”S~*~*~«SSS«BDS*«~ST;«CBTO”~*«B«OT. CYC 

1990", uction was begun in February 1988 22 23 27,085 34,754 66,977 49.453 

The State reported that more than 80 1999077036 5,770,242 89.975 

comp anes and individuals exp lored for I Data are only for those mines that report annually on the Bureau of Mines voluntary survey; there are many more, usually smaller and 

metals in Washington during 1989. Gold, less well-established operations, mainly in Alaska, that do not report. 
particularly gold in skarn and replace- , Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

ment depo sits and ep ithermal gold- ‘Gold revovered as a byprodact at sand and savel operations not used in calculating average value per cubic meter. 

bearing deposits In Eocene-age rock in | ‘Data may not add to totals shown because of independent rounding. 
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northeastern Washington, was the prin- | circuit boards, connectors, keyboard | reliable electrical connections, gold is used 
cipal target of this exploration. contacts, miniaturized circuitry, and as | extensively in all spacecraft such as the 

. a dopant in some semiconductors. | Hubble Space Telescope that must func- 
oS «Molden solid-state electronic devices | tion flawlessly over a long period of time 
CONSUMPTION AND USES such as computers employ very low | in the harsh environment of outer space. 

AR mAATN-Nz_ | VOItages and currents, and thus require Gold alloys have long been used in 
connectors, switch contacts, soldered | certain electrical instruments, for exam- 

The use of gold in the domestic market | joints, and certain other components | ple, as wipers and windings in slide-wire 
shown in table 9 accounts for only part | that must remain completely free of high | potentiometers, where long-term repro- 
of the overall market for commercial | resistance tarnish films and that remain | ducibility is essential. Gold-palladium al- 
products. An important segment of mar- | chemically and metallurgically stable for | loy wires are used in thermocouples, 
ket demand is also satisfied by imported | the life of the device. Increasingly com- | especially those used to measure high 
gold-bearing products in various forms | plex civilian, military, and aerospace | temperatures encountered in some indus- 
ranging from unfinished, jewelry prod- | electronic systems use gold to ensure | trial processes and aircraft engines. 
ucts, such as gold chain and findings, to | dependable operations under a wide | Gold-containing brazing alloys such as 
electronic equipment containing gold | range of operating conditions. For ex- | gold-nickel alloy are important to the 
components. ample, because of its ability to provide | aerospace industry, especially in the as- 

Contracts for gold futures traded | 

during 1989 on the Nation’s futures : : 
exchanges represented about 31,330 TABLE 8 
metric tons (1,007 million ounces) com- U.S. REFINERY PRODUCTION OF GOLD! 
pared with the previous year when the 
equivalent of nearly 30,000 metric tons (Kilograms) | 
(962 million ounces) were traded. The 
New York-based Commodity Exchange Raw material 1985 1986 1987 1988 1989 

| Inc. (COMEX) was, as in the previous | Concentrates and ores: 

year, by far the dominant exchange | Domestic and foreign 64,583 75,618 112,368 137,829 - 183,685 
with an equivalent of more than 31,000 | Oidscrap = tCt*«iY «BDA 47,266 63,843 52,807 36,895. 
metric tons (999 million ounces) Of | New scrap ti 6,964 50,785 39,723 75,150 120,554 
gold traded during 1 989. Tol? ~SOSC~C~C~S~S~S~SC:~S*«*, 370 173,668 215,933 265,786 341,135 

Sales of newly-minted gold cons by | ———____[-"M"'''_T—_—__— 
. e Data may include estimates. 

the US. Mint declined somewhat from 2 Data may not add to total shown because of independent rounding. 

levels establish during previous years. , 3 

| The sales program for the Bicentennial | 
of the U.S. Congress Commemorative | TABLE 9 
coins began in June, and the sales pro- 1 2 : 
gram for the 1988 Olympic coins, begun U.S. CONSUMPTION OF GOLD,’ BY END USE SECTOR : 

in February 1988, was completed in June (Kilograms) 
1989. During the fiscal year ending on : 

Sept 30, 1989 about 2,140 kg (68,800 End use 1985 1986 1987 1988 1989 
ounces) of gold was used to satisfy vari- | ————__——————— 
ous official minting programs. Jewelry and the arts: 

Gold loan activity between commer- _Karatgold 43,473 43,916 49,304 48,037 49,120 
; ; _ Fine gold for 

cial a vinued to be a porelar produc: electroplating 762 2,689 | 3,133 1,469 | 1,127 

of financing new mine development or Gold-filled and other 6,716 6,780 6,706 4,581 4,106 

expansion of existing facilities. Total? 50,951 53,385 59,142 54,088 54,353 
In addition to its age-old usage in | Dental 9,309 7,921 6,944 _!,576 _!,923 

jewelry, decorative applications, and | Industrial: 
dentistry, gold has a number of appli- | _ Karat gold 1,216 1,202 1,176 233 252 
cations that are important to the func- Fine gold for 
tioning of domestic industry, modern electroplating . 11,864 11,486 12,250 14,988 20,575 

high technology, engineering, and de- Gold-filled and other 22,748 23,050 20,948 20,950 15,632 

fense systems. It is used extensively in a Total? 35,828 35,738 34,374 36,172 36,459 
great variety of solid-state electronic | small items for 
devices, in industrial control and mon- | investment‘ 231 189 106 7 7 

itoring instruments, and in corrosion- Grand total? 96,318 97,234 100,566 97,842 98,741 
resistant chemical process equipment. | ‘Revised. 

Of the strategic and industrial uses Gold consumed in fabricated products only; does not include monetary bullion. 

of gold, the most important is its use in | spsm may not add to totals shown because of independent rounding. 
electronic devices, especially in printed | ‘Fabricated bars, medallions, coins, etc. 
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sembly of some military jet turbine en- | TABLE 10 

gines and high- performance rocket en- | = YEAREND STOCKS OF REFINED GOLD IN THE UNITED STATES 
gines. Gold is used as a reflector of 
infrared radiation in radiant heating and (Kilograms) 

drying devices and heat-insulating win- | 
dows for large buildings and spacecraft 1985 1986" 1987" 1988" 1989 
such as the space shuttle, which relies | Industry 18,538 28,771 23,390 38,360 24,828 

upon gold to seal and protect its vital | Futures exchange! 65,628 87,370 81,647 44,634 69,727 
propulsion system from problems associ- | Depanmentof the. ~~ ~~ 
ated with hydrogen embrittlement. Gold- | Treasury? 8,170,019 8,149,938 8,160,251 8,144,782 8,146,255 

coated mirrors are the principal compo- | Earmarked gold? 10,494,290 10,348,006 —«:10,252,982 —«- 10,044,519 9,911,928 
nent of infrared jammers used on | ia ——OO 
humerous military aircraft to confuse the Commodity Exchange Inc. only. Stocks held by other exchanges estimated to be less than 2% of totals shown. 

guidance instruments of heat-seeking 3 Gola held for Toreign and inernational official accounts at New York Federal Reserve Bank. 

Gold, applied as organometallic liq- 
uids, is used for the decoration of porce- TABLE 11 
lain and glass dinnerware; gold leaf is 
used for the decoration of buildings, U.S. GOLD PRICES* 
both inside and outside; and gold alloys 
are used in rupture discs in chemical (Dollars per troy ounce) 

process eqiupment and in the perforated | ——2—--—— 
“spinnerets” through which cellulose ac- Period _____ brew _—__High Average 
etate fibers are extruded. Since 1975, a | _______—— Price Cate Price Date 
small amount of gold has been used in | 1985 284.64 Feb. 25 341.30 Aug. 19 and 28 317.66 

the United States each year for medal- | 1986 326.70 Jan. 2 438.50 Oct. 8 368.24 

lions, small bars, and other similar items | 1987 391.51 Feb. 18 501.25 Dec. 14 447.95 

having high gold content, purchased pri- | 1988 396.62 Sept.26 485.37 Jan. 8 and 11 438.31 
marily as investments. 1989: | — OO 

January 395.32 Jan. 30 and 31 412.95 Jan. 3 405.35 

TOO February 381.70 Feb. 17 395.12 Feb. 9 389.08 

STOCKS March 384.25 Mar. 29 396.82 Mar. 20 391.46 

| April 378.84 Apr. 28 391.56 Apr. 13 385.70 

Stocks of refined bullion held by | —M@7_____ 361-01. May 22 379.89 May 3 372.61 
industrial users at the end of the year | _Jume. 359.96 June 13 377.59 June 29 368.90 
were substantially lower than those July 369.58 July 31 386.81 July 6 376.29 

held at the end of 1988. The sharpest August 361.06 Aug. 29 and 31 371.78 Aug. 4 366.19 

declines in industrial stocks were re- September 357.00 Sept. 15 370.28 —- +~Sept. 27 363.16 

ported during the first and second October 362.31 Oct. 11 376.59 Oct. 31 368.16 

quarters of the year and may reflect a | November 374.33 Nov. 1 415.10 Nov. 27 393.64 
withdrawal of material by manufactur- | “December __—_399.93 Dec. 28 416.86 Dec. 11 and 12 410.44 
ers to meet the continuing demand, | “Year __—_—-357.00_Sept. 15 416.86 Dec. 11 and12_ 382.58. 
especially for jewelry products destined | —!VY,_L_,_-.lWVT___?W™—————— nn) 0am? 
for sale later in the year. ‘Engelhard Industries daily quotation. 

Yearend stocks of gold certified for 
delivery by COMEX, the Nation’s larg- 
est futures exchange, increased sub- | average for the year amounted to about | principal recipient of U.S. refined bul- 
stantially from those held at the end of | $383 per ounce or nearly $60 per ounce | lion shipments, exports to that country 
the previous year. less than the average for 1988. all but ceased during 1989. Switzerland 

was instead the principal destination 

during 1989, receiving large quantities 
PRICES SSS ff both refined bullion and doré. 
oo § TW =_|_ FOREIGN TRADE Canada continued to be the Nation’s 

AANA _|_ principal source of refined bullion. Im- 
The Engelhard Industries-London ports of gold from Uruguay which be- 

daily final price of gold ranged from a U.S. exports of gold, though not as | gan in earnest in 1980 and peaked in 
low of $357 per ounce in September to | large as in the previous year, were nev- | 1986, declined in 1989 to roughly their 
a year’s high of nearly $417 per ounce | ertheless substantial when compared | 1980 level. During the 1980-89 period, 
in mid-December. Despite the strong | with many earlier years. Contrary to | Uruguay, a country with little or no 
surge in the price toward yearend, the | 1987 and 1988, when Taiwan was the | domestic production and no official 
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a 

controls on gold trade, became an im- | involving the export of gold plated lead | Mineral Services Ltd.,? continuing the : 

portant conduit for newly mined gold | bars. annual statistical survey prepared over 

originating in other Latin American the previous 23 years by its predecessor | 

nations, especially Brazil where the | SSS Consolidated Gold Fields PLC, noted 

trade of gold is tightly controlled. The | WORLD REVIEW that world demand for gold in the mar-— 

dramatic decline in exports of gold | ——————————————______ | ket economy countries (MEC) reached © . 

from Uruguay in February 1989 may in another new record, surpassing the pre- — 

part have been related to the discovery In 1989, for the 10th consecutive year, | vious record set in 1988. 

and closure there of an international | world gold mine production exceeded The company began its summary by 

money laundering operation reportedly | that of the previous year. Gold Fields | noting that in addition to the supply of ! 
| 

TABLE 12 | 

U.S. EXPORTS OF GOLD, BY COUNTRY’? | 

a 
| 

| Year and coors ane 33 Wastes and scrap acecipitates Refined bullion | Total * | 

country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

(kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 

1985 76 $771 30,486 $303,413 2,979 $30,147 89,837 $919,433 123,378 $1,253,764 

1986 166 1,589 30,452 352,471 14,192 158,005 110,555 1,306,958 155,365 1,819,023 | 

1987 1,385 19,818 28,092 390,832 18,976 264,008 71,177 1,034,186 119,630 1,708,844 

1988 1,384 18,449 35,709 492,840 19,809 265,051 271,335 3,882,757 328,237 4,659,098 

1989: ee 

Belgium — — 1,238 15,669 — — 1 30 1,239 15,699 

Brazil — — — — — — 104 1,339 104 1,339 | 

Canada 9 110 7,959 95,729 5,251 64,257 11,730 138,550 24,948 298,647 — | 

China — — 69 323 — — — — 69 323 

Costa Rica — — — — — — 99 1,144 99 1,144 

Dominican 
| 

Republic — — 141 1,123 — _ 31 389 172 1,512 | 

France | — — 16,079 200,370 994 12,362 1,451 17,839 18,525 230,571 ! 

Germany, Federal 
! 

Republic of (’) 2 2,094 24,475 1,427 17,529 84 965 3,605 42,970 | 

Haiti — — 216 2,110 — — — — 216 2,110 | 

Hong Kong — — 499 6,514 — _ 39,656 481,999 40,155 488,512 | 

India — — — 30 231 1 12 26 293 58 536 

Israel —_ — 24 172 39 406 — — 62 578 | 

Italy — — 181 2,260 40 480 52 600 273 3,340 | | 

Japan — — 5 43 136 1,445 5,472 70,864 5,613 72,352 | 

Korea, 
: 

Republic of 7 53 (°) 4 — — 33 374 40 432 

Mexico — — 353 3,664 149 1,881 6,652 78,338 7,154 83,383 

Peru — — 37 547 — — 1,123 12,827 1,160 13,374 

Poland — — — — — — 70 787 70 787 

Singapore — — — — — — 5,874 69,410 5,874 69,410 

Sweden — — 880 10,537 138 1,442 — — 1,018 11,979 

Switzerland — — 857 9,754 34,618 141,097 31,383 378,989 66,858 529,840 | 

United Kingdom — — 13,857 168,481 110 1,436 19,020 226,847 32,987 396,764 

Uruguay — — — — — — 472 5,500 472 5,500 

Yugoslavia — — — — — — 215 2,426 215 2,426 

Other — — 22 143 32 344 52 640 106 1,128 | 

Total * 16 165 44,541 542,150 42,935 242,690 123,599 1,490,151 211,091 2,275,156 | 

1 Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export data may not be comparable with previous years’ data. | 

2 Bullion also moves in both directions between U.S. markets and foreign stocks on deposit in the Fedal Reserve Bank. Monetary gold excluded. 

3 Includes gold content of base metal ores, concentrates, and matte destined for refining. 

‘Data may not add to totals shown because of independent rounding. 

5 Less than 1/2 unit. 

Source: Bureau of the Census. | 
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See 

| TABLE 13 

U.S. IMPORTS FOR CONSUMPTION OF GOLD, BY COUNTRY!” 
Snr 

Year and cons and 53 Wastes and scrap orecipitates Refined bullion | Total 

country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value is 
(kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 

1985 1,153 $11,628 11,411 $107,147 45,444 $468,227 197,849 $2,109,475 255,857 $2,696,478 
1986 1,170 13,094 16,184 159,786 43,267 504,457 429,242 5,016,558 489,863 5,693,896 
1987 1,429 17,926 13,955 160,073 28,790 402,026 75,365 1,052,941 119,539 1,632,966 
1988 2,621 34,141 * 6,468 "79,483 25,778 355,763 * 57,590 799,901 "92,457 * 1,269,288 
1989: I nn 

Australia — — 35 305 — — 165 2,013 200 2,318 
Barbados — — 184 1,907 — — 13 140 197 2,047 
Belgium 1 6 — — — — 576 7,085 577 7,091 
Bolivia — — 497 3,578 — — 1,759 22,178 2,256 25,755 
Brazil — — — —_— . — — 476 6,024 476 6,024 . 
Canada 25 | 244 3,134 15,965 . 1,352 16,448 69,112 851,211 73,623 883,867 
Chile — — 24 301 220 2,692 7,250 90,791 7,494 93,784 
Costa Rica 148 396 = — — — — — 148 396 
Dominican 
Republic — — 1,288 6,575 . 5,167 62,176 _— — 6,455 68,751 
Ecuador 1 16 41 308 — — 164 1,937 207 2,261 
Finland — — — —_— 26 335 91 1,153 117 1,488 
France — — 108 1,068 — — 1 13 109 1,081 

_ Guyana 82 1,012 228 2,484 24 277 119 1,253 453 5,026 
Haiti — — 240 1,950 — — — — 240 1,950 
Honduras 1,807 1,039 10 46 — — — — 1,817 1,084 
Hong Kong — — 40 170 1 12 22 286 64 468 
Italy — — 47 479 — — 69 930 116 1,410 
Mexico 164 2,038 373 2,801 6,314 75,405 1,919 23,894 8,770 104,137 
Netherlands —_ — 3,629 449 — — (°) 1 3,630 451 | 
Panama — — 75 688 — — 75 724 150 1,413 
Peru — — 9 49 19 219 347 4,857 375 5,125 
Singapore — — 8,630 2,615 — — 1 6 8,630 2,621 
Sweden 186 2,205 9 137 — — — — 195 2,342 
Switzerland 1 8 6,089 70,265 — — 12,627 157,417 18,717 227,691 
Taiwan — — 13,177 538 — — — — 13,177 538 
Trinidad — — 162 1,800 — _— | 18 262 180 2,062 
United Kingdom — — 1,771 404 — — 1,192 14,894 2,962 15,298 
Uruguay — — — — — — 662 7,986 662 7,986 
Yugoslavia — — — — — — 151 1,885 151 1,885 
Other 10 140 155 804 35 389 157 1,792 358 3,124 
Total‘ 2,426 7,103 39,952 115,685 13,159 157,952 96,967 1,198,734 152,504 1,479,473 

| " Revised. 

1 Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export data may not be comparable with previous years’ data. 
2 Bullion also moves in both directions between U.S. markets and foreign stocks on deposit in the Federal Reserve Bank. Monetary gold excluded. 
3 Includes gold content of base metal ores, Concentrates, and matte destined for refining. 
4 Data may not add to totals shown because of independent rounding. 
5 Less than 1/2 unit. 

Source: Bureau of the Census. . 

newly-mined gold and net sales to the | since 1984, were substantial net sellers rope continued to be important sources 
MEC from the centrally planned econ- | of gold. Net sales by central banks | of supply with much of this gold going 
omy (CPE) countries the main addition | amounted to 225 metric tons (7.2 mil- directly to investors in Asia. Net sales 
to the supply was derived from sales to lion ounces), the highest since 1979. of gold from the CPE Countries in- 
the market by the world’s central | Gold releases to the market by investors | creased from 263 metric tons (8.5 mil- 
banks. Central banks, for the first time | in North America and especially Eu- | lion ounces) in 1988 to 296 metric tons 
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(9.5 million ounces) during 1989. Sup- | mestic producers responsible for 75% | (1.4 billion ounces), of which nearly | 
plies of old gold scrap declined for the | of current output was conducted in late | one-half are in the Republic of South 
third consecutive year to 304 metric | 1989. The survey indicated a current | Africa. The world reserve base for gold . 
tons (9.8 million ounces). capacity utilization rate of better than | totals about 47,000 metric tons (1.5 | 

Fabrication data on gold was assem- | 97%. Incomplete data on the utiliza- | billion ounces). Reserves of gold in the 
bled by Gold Fields from MEC data | tion rate for those mines responsible | U.S.S.R. and China are believed to 
describing the trade in gold bullion and | for the remaining 25% of production | exceed 6,220 metric tons (200 million 
its use by industries in the MEC that | suggested that although most are prob- | ounces). 

transform bullion into marketable | ably operating at a rate comparable Estimates of reserves become avail- 
products. Gold, including gold scrap, | with the leading producers, some, for a | able only over a period of time. The 
fabricated into karat gold jewelry ab- | variety of factors, may be operating at | reserves shown for Australia, Brazil, | 
sorbed 1,811 metric tons (58 million | rates low enough to reduce the overall | Canada, and the United States, gener- 

ounces) or 23% more than in 1988. The | utilization rate to about 96%, as re- | ally reflect post-1980 data and the suc- 
company stated that the new gold com- | flected in table 14. This estimated rate | cess of exploration efforts frequently 
ponent of jewelry manufacturing rose | was believed to reflect the level of per- | initiated years earlier in response to 
by as much as 30% because of the | formance in most of the other industri- | rising prices. 

decline in available scrap. Jewelry fab- | alized nations. | 
rication grew steadily in North America Because of to the size, diversity, and | Australia | 
and reached record levels in Europe and | explosive growth of primary gold pro- With nearly 202 metric tons (6.5 
the Far East. Gold products fabricated | duction over the past decade, compre- | million ounces) of gold produced dur- 

for use in electronic applications rose | hensive world capacity data that would | ing 1989, Australia maintained its po- | 
by 3% from the previous year to 138 | include all operating units that contrib- | sition as the world’s fourth largest gold 
metric tons (4.4 million ounces) while | ute to national totals are generally not | producing nation. The Australian gold 
gold used in other industrial and deco- | available. Therefore, in the absence of | mining industry, like its U.S. counter- 
rative applications grew by 6% to 62 | appropriate data, certain broad as- | part, has experienced phenomenal 
metric tons (2.0 million ounces). The | sumptions must be employed to derive | growth in recent years, with production 
use of gold in dentistry declined slightly | international capacity numbers that are | rising nearly twelvefold during the pe- 
from the 1988 level to 49 metric tons | compatible with production data | riod from 1980 through 1989. 
(1.6 million ounces). Gold absorbed in | shown in table 15. The State of Western Australia con- 
the fabrication of medals and imitation Optimum engineering capabilities | tinued to maintain its dominance as the 
coins rose fractionally to 19 metric tons | may be more or less restrained by a | nation’s largest gold-producing State, 
(614,000 ounces). Gold minted into of- | combination of factors relating to Gov- | hosting, during 1989, 14 of the nation’s 
ficial coins declined 10% to 123 metric | ernment and business attitudes, cli- |. 15 leading gold mines. The State and 
tons (3.9 million ounces); however, | mate, location, ore grade and hardness, | the nation’s largest gold mine, the Bod- 
sales, at 127 metric tons (4.1 million | and mineralogy. With these and other | dington Mine located 113 km (70 miles) 
ounces), were little changed from the | considerations in mind, the author de- | southeast of Perth, continued produc- 
previous year. The identified hoarding | rived and applied to annual production | ing at or near its recently doubled 
of gold bars outside of Europe and | data different conversion factors to ap- | capacity rate of nearly 12,500 kg 
North America as measured by statis- | proximate rated annual capacity for | (400,000 ounces) of gold per year. Bod- 

tics for cross-border movement rose | each producing nation. dington is managed by the Worsley , 
nearly 13% from 1988 to 516 metric Production data for individual nations | joint venture. Production at Australia’s 
tons (16.6 million ounces) in 1989. were estimated to reflect a utilization rate | second largest mine, Newmont Austra- 

from 75% of maximum capacity utiliza- | lia Ltd. and BHP Gold’s large open pit 
Capacity tion for some essentially nonindustrial- | Telfer Mine near Nullagine was setback 

Rated annual production capacities | ized nations up to a 96% utilization for | during 1989 by labor problems and a 
for gold mines, as of December 31, 1989, | most industrialized nations. mid-year collapse of one wall of the 
are shown in table 14. Rated capacity is open pit. These setbacks, in turn, de- 
defined as the maximum quantity of | Reserves layed the owner’s plans to initiate the 
product that can be produced in a period Demonstrated U.S. reserves of gold | first stage of a planned underground 
of time at a normally sustainable long- | were about 4,980 metric tons (about | development project designed to ex- 
term operating rate, based on the physi- | 160 million ounces), and the reserve | pand the mine’s annual production rate 
cal equipment of the plant and given | base was 5,480 metric tons (176 million | to nearly 11,000 kg (350,000 ounces) by 

acceptable routine operating procedures | ounces). Most of the U.S. gold reserve | 1991. . 
involving labor, energy, materials, and | base shown in table 14 is confined to 18 Some other developments in Western 
maintenance. Capacity includes operat- | states, with about 80% of the total in | Australia in 1989 included the follow- 
ing plants and plants temporarily closed | Alaska, California, Idaho, Montana, | ing: In October, Homestake Gold of 
that, in the judgment of the author, can | Nevada, and Washington. A dominant | Australia Ltd. (HGAL) poured the first 
be brought into production within a | portion of the reserve base occurs in | gold at its new wholly owned Fortnum 
short period of time with minimum cap- | lode deposits. Mine north of Meekathara. HGAL and 
ital expenditure. Total world reserves shown in the | Gold Mines of Kalgoorlie Ltd. com- 

A telephone survey of leading do- | table approximated 42,000 metric tons | pleted a 50-50 joint-ownership agree- 
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TABLE 14 closed owing to technical and financial 

WORLD GOLD ANNUAL PRODUCTION CAPACITY, RESERVES, difficulties. | | 
AND RESERVE BASE,’ DECEMBER 31, 1989 Quebec, Canada’s second largest 

| gold-producing Province, accounted 
(Metric tons) for nearly 36,000 kg (1.16 million 

ounces) of new Canadian gold produc- 

Rated mine R 2 Reserve | tion during the year. New Quebec gold 
-e eserves 3 . . . . 

capacity base mines becoming operational during 
Australia 210 1,800 2,020 | 1989 included the Kierens Mine of Aur 

Brazil 120 930 980 | Resources Inc., the Beauchastel Mine 

Canada 165 1,700 1,870 | near Rouyn-Noranda by Augmitto Ex- 

China 95 NA NA | plorations Ltd., and the nearby Pierre 
Other centrally planned economies __ 15 NA NA | Beauchemin Mine and the Lucien C. 

Other market economy countries 315 6,620 7,420 Beliveau Mine near Val-d’ Or, both 

South Africa, Republic of 630 20,000 22,000 | Opened by Cambior Inc. Several mines 
UntedSates~=~=CSsé“‘i‘isi<CSCS 375 4.340 5.130 | Were at the final preproduction stage 

ooo , , and at least one mine, the Bachelor 
USSR 8S __ 6,220 __7,780 | Lake Mine, was closed. 
_Worldtotal i s—“‘“C‘t‘SO 842,000 “47,000 | Three new mines with a planned pro- 
‘Estimated. NA Not available. duction rate in excess of 1,000 kg (32,000 
Estimated as of Jan. 1989. Data may not add to totals shown because of independent rounding. . . 

2 Reserves listed for countries other than Australia, Canada, the Republic of South Africa, and the United States may, in some instances, ounces) per year began production In 

include inferred reserves semonutrated nat » 7 : marsinaly <marzina and Bris oma ae ne years oo 
© reserve Dase includes demonstra TESOUTCES at are curren economic (reserves), m economic (marginal reserves), were t e wyers ; e O eni oO 

<rcludes China and other eentrally planned economies, Mines Inc.; the Golden Bear Mine, an 
open pit, underground operation owned 
by Chevron Canada Resources Ltd. and 

ment of Kalgoorlie’s famous Golden | sland’s other gold mines, including the | Homestake; and the Premier Mine of 
Mile. The partnership now manages | Red Dome Mine of Elders Resources | Westmin Resources Ltd. Exploration and 
the Consolidated Kalgoorlie opera- | Ltd. and the Mount Leyshon Mine of | development was continued at a number 
tions, including the “Super Pit” and | Pan Australian Mining Ltd., an- | of gold projects throughout the Province 
Mount Charlotte, the largest under- | nounced plans to expand their produc- | with a lot of the exploration interest 
ground gold mine in the country, plus | tion capacities. focused in the Iskut River-Eskay Creek 
five mills, including the newly commis- areas of Northwestern British Columbia. 
sioned Fimiston Mill. The partner’s | Canada Gold mining activity in the Maritime 
offsite Gidji roaster also became oper- Canadian gold production increased | Provinces was increased with the open- 
ational before yearend. Other new | for the ninth consecutive year with | ing in September of the new Murray 
mines beginning production during the | most of the 1989 increase of nearly | Brook Mine near Bathurst, New Brun- 
year included Westralian Resource | 18% attributable to gold mines in the | swick. Several Gold Mines in Saskatch- 

Projects Ltd.’s Porphyry Mine, Gold- | Province of Ontario. New gold mines | ewan and Manitoba were closed owing 
conda Minerals NL’s Duketon Mine, | opened at an average of one per month | to depletion or financial difficulties. 
Aztec Mining Co. Ltd’s Bounty Mine, | during the year, thus bringing to 70 the | Production at gold mines is the Yukon 
and Poseidon Ltd.’s Kaltails project. | total number of primary gold mines | and Northwest Territories increased 
Kaltails was developed to reprocess the | operating in the country. Seven mines | about 4% from that of the previous 
vast gold-bearing tailings accumulated | were also closed during the year.!° year. 
around mines developed along Kal- New mines opened in Ontario during 
goorlie’s Golden Mile. 1989 included Placer Dome’s Dona Lake | Latin America 

The Western Australian Mint opened | Mine and Flanagan McAdam Resources Gold production in Brazil, Latin 
its new gold refinery in Perth. The | Inc. and Windarra Minerals Ltd.’s Mag- | America’s largest gold-producing na- 
mint’s companion refinery in Kalgoor- | nacon Mine in the Mishibishu area of | tion, was slightly lower than that of the 
lie began operations during the previ- | Ontario. In mid-year the Supreme Court | previous year. Factors contributing to 

ous year. The two facilities have a com- | of Canada confirmed a 1986 ruling by | the decline reportedly included heavy 

bined annual capacity of about 10,500 | the Supreme Court of Ontario that the | rains that affected some placer mining 

kg (3.4 million ounces). Page-Williams Mine at Hemlo belonged | areas, increased regulation, higher costs, 
In Australia’s State of Queensland, | to Corona Corp. The ruling ended an | and declining grades. 

the nation’s third largest individual | 8-year legal battle between Corona and In early 1989, the president of Brazil 
gold mine, the Kidston, produced | Lac Minerals Ltd. The Page-Williams | signed a decree prohibiting the use of 
nearly 6,400 kg (205,361 ounces) dur- | Mine, producing nearly 15,400 kg | mercury and cyanide in gold mining un- 
ing 1989, and in September the mine’s | (494,000 ounces) of gold in 1989, was the | less approved by Brazilian State environ- 

operator, Kidston Gold Mines Ltd., | nation’s largest gold producer. The old | mental agencies. The mercury amalgam- 
celebrated the production of its mil- | Kerr Addison Mine at Virginatown and | ation process to collect gold concentrated 
lionth ounce of gold. Several of Queen- | the Surlaga Mine near Wawa were both | during placer mining operations has 
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o been used for many years by unregulated | uted to numerous small lode and placer | 14,400 kg (462,400 ounces) produced in 
independent gold miners or “ga- | mines. the previous year. 
rimpeiros.” The States most affected by | Inearly 1989, Placer Dome and Con- In March, Placer Pacific Ltd. opened 
mercury contamination have been those | solidated TVX Mining Corp. opened | its new Misima Island gold and silver 
in the Pantanal and Amazon regions of | their new La Coipa Mine in the Third | mine in Milne Bay, thus, to some ex- 
Brazil. Region of northern Chile. The mine | tent, offsetting the loss in production 

According to Gold Field’s annual | was expected to produce about 6,220 kg | from the closure of Bougainville. The 
review'! production increased in the | (200,000 ounces) of gold per year by | first gold from the new 12,440-kg-per- 

unregulated mining areas or garimpos | late 1991. Minera Anglo-American | year (400,000 ounces) operation was 
of Roraima and Rondonia along the | Chile also opened its Marte Mine in the | poured in May. To the west, in the 
Western frontier near Venezuela. Pro- | Third Region during 1989 and planned | highlands of Enga Province, Placer 
duction decreased in the major garim- | to open its nearby Lobo project by | and its three partners moved toward a 
pos of Alta Floresta and Tapajos to the | 1992. Because of the high number .of | planned September, 1990 startup of the 
east, where mining was slowed by heavy | exploration and mine development | new Porgera Mine. At Mount Fubilan, 
rains. Although production at the Serra | projects now under way, Chile’s gold | about 200 km (124 miles) further west 
Pelada Mine declined sharply from the | production was expected to rise sub- | of Porgera, the OK Tedi copper-gold 
peak production year of 1983, news of | stantially over the next several years. mine, the nation’s largest gold mine, 
a new gold discovery there reportedly In some other large gold-producing | reportedly produced about 15,900 kg 
caused some garimpeiros who thought | nations of Latin America such as Bo- | (495,00 ounces) of gold compared with 
the mine was depleted to flood back | livia, Colombia, Ecuador, and Peru, | the previous year’s output of about 

into the region. The new discovery, in | the climate for investment in mining | 18,000 kg (581,000 ounces). The de- 
the main street of the minesite boom- | may not be as favorable as that in | cline in 1989 production apparently 
town spawned by the original mine, | Chile. As a result, much of the gold | reflected a combination of both labor 
reportedly developed quickly into a pit | production may be attributed to the | and operational problems, plus the ex- 
large enough to threaten the founda- | informal sector; that is, as in Brazil, to | pected gradual depletion of the gold- 
tions of nearby homes and stores. Po- | more or less unregulated miners work- | enriched “cap” overlying the principal 
lice action was required to halt mining | ing individually or in cooperative | lower-grade copper-gold ore body. 
until an orderly development plan | groups. Exploration for gold and the Other gold-producing mines in the na- 
could be found. development of new mines in these | tion included New Guinea Goldfields 

Production by the formal or regu- | areas was also actively pursued by the | Ltd.’s nearly depleted deposit at Wau 
lated gold mining sector rose only | respective Governments and/or foreign | and Niugini Mining Ltd.’s small Mount 
slightly during the year. The dominant | and domestic firms. Victor Mine. A number of promising 
producer, Minercao Morro Velho S.A., deposits continued to be evaluated in 
maintains interests in gold mines in the | Oceania Papua New Guinea; Niugini Mining and 
Brazilian States of Bahia and Minas The high level of activity in gold | RTZ prepared a final feasibility study of 
Gerais as well as Goids where, in 1989, | mining and the development of new | their extensive Lihir Island deposit; CRA 

the company began production at its | mines in many nations of the south- | was developing its Hidden Valley and 
new 50%-owned Crixas Mine. Some | western Pacific was sustained for an- | Mount Kare deposits. 
other large gold mining concerns in | other year. For exploration companies, To the west in Indonesia’s Province of 
Brazil include Sao Bento Mineracao | the principal targets continued to be | West Irian, Freeport Indonesia Inc. con- 
S.A., Cia Vale do Rio Doce, and Rio | high tonnage, low-grade empithermal | tinued copper-gold mining at its Ertsberg 
Paracatu Mineracao S.A. gold deposits similar to many recently | property while simultaneously moving | . 

Chile’s favorable geological potential | discovered and/or developed deposits | toward an early 1990 startup of mining at 
as well as its increasingly attractive | in various Western Pacific nations such | the new Grasberg copper-gold deposit. 
investment climate has encouraged a | as_ Fiji, Indonesia, Japan, New | Ertsberg is Indonesia’s largest gold pro- 
large number of companies in recent | Zealand, Papua New Guinea, the Phil- | ducing mine. In the island provinces to 
years to explore for gold as well as | ippines, and elsewhere. the west, the pace of gold exploration 
other commodities such as copper, sil- Gold production in Papua New | and development moderated somewhat 
ver, and zinc. With an estimated 7,000 | Guinea declined about 8% from the | from the previous year’s level of activity. 
kg (225,000 ounces) of gold production | previous year’s level, reflecting in part | In January, the P.T. Ampalit Mas Per- 
in 1989, Compania Minera El Indio | the suspesion of operations at CRA’s | dana Mine began production in Central 
was Chile’s largest producer. The com- | 53.6%-held Bougainville copper-gold | Kalimantan. Several major gold projects 
pany produces gold from its EL Indio | mine. The Bougainville Mine, on Bou- | under construction or final evaluation 
and nearby Tambo mines in the Fourth | gainville Island, was closed on May 15 | included Royal Dutch Shell’s Billiton 
Region. Other large mines owned and | because of continuing violence stem- | Group’s Lerokis Mine under construc- 
operated by foreign and/or domestic | ming from a political movement aimed | tion on Wetar Island in Maluku Prov- 
firms include the Choquelimpie, El | at gaining the island’s independence | ince; CRA’s Kelian Gold Project Team 
Bronce, and El Hueso Mines. About | from Papua New Guinea. As a result of | moved at yearend to gain Government 
30% of Chile’s gold production was | the closure, byproduct gold production | approval to begin development of its 
derived as a byproduct of base metal | from the mine declined to about 7,340 | Kelian Project in East Kalimatan. 
mining while the remainder was attrib- | kg (236,000 ounces) from the nearly The recently reopened Martha Hill 
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Mine at Waihi, New Zealand, was the TABLE 15 

only lode mine operating in that coun- GOLD: WORLD MINE PRODUCTION, BY COUNTRY! 
try during 1989. The startup of several 
developing mines was delayed until op- (Kilograms) | 
erational or environmental issues could a 
be resolved. | | Country? 1985 1986 1987 1988 1989° 

Gold production at the two principal | Argentina 882 944 - 990 938 3933 

mines in Fiji increased over the previ- | Australia 458,521 75,079 110,696 156,950  3202,900 
| ous year because of the mining of Bolivia ####.+~= 561 7163 2,755 4,889 33.594 

higher grade ore at the Emperor Mine | Botswana®® ss ( ti(‘i;CS*é*~*”W 10 0 5 0° 250 
and improved efficiency at the newly Brazl@® ~*~*~*~CS~S~S~S~SO::SC~«S, NO 67,500 83,700 100,200 100,000 

opened Tavua Basin Mine. Burkina Faso° 1,555 1,866 6,843 10,575 8,500 | 
South Africa, Republic of Burundi 26 31 26 4 25 

Despite escalating production costs | Cameroon, 7 8 “8 “8 8 
and steadily declining ore grades, the | Canada 87,561 = 102,899 115,818 134,813 158,440 
Republic of South Africa’s gold mines | Central African Republic 188 *187 223 382 300 

continued to dominate the world gold | Chile 17,240 17,938 17,035 20,614 20,000 

mining scene, collectively producing | China‘ 61,000 66,000 72,000 78,000 80,000 

more than 30% of total world produc- | Colombia 35,532 39,995 26,550 29,020 327,090 
tion during 1989. . Congo®é ti(i‘SsS™S 316 16 16 16 16 
Most of the 603 metric tons (19.38 | GotaRica? i“ (t(‘ié‘t;‘;‘ézé é~*~*«SC*S 300 313 350 

million ounces) of gold produced in the Cote d'Ivoire formerly Ivory 
. . . ote d’Ivoire (formerly Ivory 

Republic of South Africa during the | Coast) _ 5 7 6 6 
year was produced by the 34 mines that | Dominican Republic —~—=«*10,202 8,837 7,664 5,785 5,500 
represent the membership of the Cham- Ecuador ~CS~*~CS~S~«S =O 9,870 9,500 7,962 39 33] 
ber of Mines of South Africa. The | ———---—----_-_ | 3 
remainder was produced by several Ethiopian 470 923 642 728 ™ 
dozen small independent mines or as a By 1,888 2,952 2,962 4,273 4,500 
byproduct of other mining sectors. The | Fimland 595 1,172 1,800 * 2,000 2,100 
total ore milled by Chamber members, | France —“(tsté LD 2,382 2,225 2,525 2,600 
including ore milled by producers of | French Guiana 249 326 514 * 500 500 |. 
byproduct and coproduct uranium, | Gabon® 50 62 79 138 140 
amounted to nearly 114 million metric | Germany, Federal Republic of° 35 35 25 15 350 

tons or about 10 million tons more than | Ghana 9,322 8,931 10,201 11,601 313,358 
the previous year. The average grade of | Guinea (“‘(i‘i(aié‘(i‘i‘(‘ié‘é;~S _ _ 974 €104 309 € 109 953. 
ore milled during 1989 was nearly 5.0 | Giyanasssti“‘SéS;SO~;W 321 437 1,568 ©? 330 3,200 
grams per metric ton (0.146 ounce per Honduas. SCS 156 63 131 127 130 
short ton) compared with 5.13 grams | ——~—___LL- 
per ton (0.150 ounce per ton) during it 620 560 60 500 500 
1988. Working costs for Chamber mem- Indian 1,828 1,874 1,874 1,900 2,000 
bers averaged about $277 per ounce | Indonesia” 2, 619 3,300 3,654 4,734 6,155 
(23,340 rands per kg) and ranged from | Japan —“(t;stiséCS;SYSB'OD 10,280 8,590 7,310 6,100 
about $171 per ounce (14,407 rands per | Kenya 13 73 278 17 *15 
kg) at the East Driefontein Mine to | Korea, North* 5,000 5,000 5,000 5,000 5,000 : 

about $442 per ounce (37,189 rands per | Korea, Republic of !! 2,403 4,648 7,600 11,121 12,000 

kg) at East Rand Proprietary.!* Pro- | Liberia® @ 150 625 470 3677 700 
duction by the six major mining gToupS | Madagascar®  tst—~™S 4 4 340 399 90 
was as follows: Anglo American Corp. | Malaysia. ==~=S=CS*S=CS«sSBOD 2,718 3,512 2,929 2,860 
of South Africa Ltd. (AAC), 253.1 | ——WWWW__——_ r 498 700 149 650 2740 
metric tons; Gold Fields of South Af- Malt 00 
rica Ltd. (GFSA); 113.1 metric tons; Mexico 8,264 7,799 7,988 098 8,300 
Gencor Ltd, through its newly created Namibia 194 184 72 195 200 
subsidiary General Mining, Metals and | New Zealand 88 1,265 1,148 2,404 2,700 

| Minerals (Genmin), 86.1 metric tons; | Nicaragua 762 892 948 878 1,100 
Rand Mines Ltd., 52.4 metric tons; | Papua New Guinea 36,908 35,075 33,250 38,129 35,000 

Anglovaal Ltd., 43.4 metric tons; and | Peru 6,621 8,846 8,772 9,472 38428 

Johannesburg Consolidated Invest- | Philippines 33,063 40,322 32,599 35,300 35,000 

ment Co. Ltd. (JCI), 41.5 metric tons. | Portugal 288 191 248 267 300 
The largest gold mines in terms of | Scfoomousaendofabe. 

individual output, in metric tons of gold, 
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TABLE 15 Continued CURRENT RESEARCH 
GOLD: WORLD MINE PRODUCTION, BY COUNTRY’ — 

(Kilograms) The Bureau of Mines conducts re- 
search into various aspects of the gold 

Country? | 1985 1986 1987 1988? 1989° | mining industry.'* Because gold mining 
Romania® 2,000 1,900 1,900 1,900 1,750 | is pursued in many nations, the results 
Rwanda | 7 6 10 eg 10 | of this ongoing work may, like the 
Saudi Arabia° _ _ _ 1,000 3,000 Bureau’s earlier work in heap leaching, 
Sierra Leone!> 59] 373 467 404 400 ultimately benefit a broad segment of 
Solomon Islands SOS e the industry worldwide. The Bureau’s 
Solomon Islands 6 78 124 “7 | current research relating to gold minin South Africa, Republic of 670,154 638,047 «596,456 ~—Ss«618,369 —-603, 000 ally focused i & * evani i 

et 170 5200 5 008 °5 132 5.000 generally focused on the use 0 cyanide 
Spay 5 7 ” " ° , in the recovery process. Through its 
Sudann 55 70 85 500 200 work, the Bureau addressed several 
Suriname 15 20 22 "30 31 | questions regarding the use of cyanide, 
Sweden © °4,631 4,040 4,040 4,200 4,000 | its long- and short-term persistence, 
Taiwan’! 953 910 533 236 250 | and effects in the environment. These 
Tanzania 55 85 201 52 100 | questions included such topics as the 

US.S.R.° 270,000 275,000 ~=—s.275,000 ==. 280,000 += 285,000 | persistence of cyanide, the mass bal- 
United States 75,495 116,296 153,870 200,914 ~—«-3265,541 | ance of cyanide in the leaching process, 
Venezuela ——“—~s—sCSsés« 07 2,494 3,860 3,673 33/900 ne momuty of anctals 1 ine heap 
Yugoslavia ——~*« DO 3,583 5,348 4,620 4,500 Hon cf wildli fe Ing, and the protec- 

Fae 1,360 94220 4,372 3,563 3,500 The Bureau sponsored university re- 
Zambia 285 268 356 227 230 | search through its mineral industry waste 
Zimbabwe E4853 14,710 14,191 14,500 | treatment and recovery generic center. A 

Total 1,531,858 1,602,215 1,658,142 1,847,840 1,971,004 joint Bureau-university-industry effort 

eet "Preliminary. Revised. 50, 1990 was recently commissioned to assist in 
able includes data available through May 30, . ° : 

2 Gold is also produced in Burma, Cuba, Czechoslovakia, the German Democratic Republic, Norway, Senegal, Thailand, and several defining future environmental needs re- 

other countries. However, available data are insufficient to make reliable output estimates. Poland annually mines and processes copper lating to gold mining and cyanide use. 
ore estimated to contain about 31,000 kilograms of gold. Disposition of the gold byproduct is unknown. Six priority areas chosen for research 

Reported figure. ° . . . ° 

4 Excludes gold in gold ore and concentrate from South Australia. included the following: mine and mill 

5Only the combined total of gold and silver production is reported, which for this table is estimated to be divided thus: 83.5% closure, cyanide destruction, seepage, 

gold-16.5% silver, the approximate ratio for combined 1982-83 production. * . * * ‘ * 

6 Officially reported figures are as follows, in kilograms: Major mines: 1985—7,597; 1986—9,348; 1987—13,120; 1988—24,012 wildlife protection, acid mine drainage, 

(estimated); and 1989—24,900 (estimated). Small mines (garimpos): 1985—22,076; 1986—14,776; 1987—22,660; 1988—55,053 and cyanide alternatives. 

(estimated); and eo (estimated). : : “tprod sed to be at ti Several reports on research relating 
old purc co Central from placer deposits and mines; actual production estimated to be at least twice this amount. : 

8 Year ending June 30 of year listed. to gold were issued by the Bureau dur- 
* Does not include undocumented production from small artisanal production Ing 1989. 
10 Figures include reported mine production of 320 kilograms in 1988 and 1,059 kilograms in 1989. Remainder represents approximate 

reported sales to Government of artisanal production. Figures do not include artisanal production smuggled out of country. 

1 Refinery output. —_—_——— lll 

12 Excludes production from so-called people’s mines, estimated at 15,000 kilograms per year during 1986-89, but includes gold recovered OUTLOOK 
as byproduct of copper mining. a 

13 These figures are based on gold taxed for export and include gold entering Liberia undocumented from Guinea and Sierra Leone. 

14 Includes production from Kalana Mine, artisanal production and undocumented gold entering Mali. 

'S Data are based on official exports and do not reflect gold moved through undocumented channels. As an internationally traded com- 
16 . . : e e ° ° 

Year beginning Apr. 1 of year listed. modity serving not only the industrial 
and jewelry end use sectors but the 
investment sector as well, the outlook 

for gold supply and demand must be 
viewed from a global viewpoint. 

included AAC’s Freegold Mine with | ceed with the development of its Gold Fields Mineral Services'> in its 
110.9, Vaal Reefs with 75.5, Driefontein | new Weltevreden Mine near Orkney | annual review of supply and demand, 
with 54.4, Western Deep Levels with | in the OFS. The new mine, scheduled | acknowledges the pitfalls of long-term 
40.6, and Hartebeestfontein with 31.2. to begin production in the second half | forecasting by limiting its outlook to the 

In mid-December, Rand Mines | of 1992, was expected to extract ore from | immediate future. Gold Fields, in ad- 
poured its first bar of gold at its new | the gold-bearing Vendersdorp Contact | dressing the outlook for prices greater 
Barbrook Mine near Barberton in the | Reef. A relatively shallow mine by South | than those achieved near yearend, noted 
Orange Free State (OFS). Barbrook is | African standards, Wellevreden’s ore will | that several underlying factors favoring a 

the first grass-roots mine opened by | be extracted using low-cost trackless min- | higher price were evident. These factors 
Rand Mines in many years. In late | ing methods operating from 100 to 1,100 | included their forecast for a levelling-off 
1989, Genmin announced plans to pro- | meters below the surface. of mine production in the market econ- 
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omy countries during the early 1990’s | the demand, for sophisticated and | 1900 and came into general use in the 
and a lower level of accelerated supplies | more reliable electronic goods expands | 1930’s. Heap leaching, essentially a 
from other sources such as the gold loans | to match the growth of the gross na- | form of cyanidation, has come into 
and forward sales that were featured | tional product. Gold has a number of | general practice for treatment of low- 

most prominently during 1988. Gold | unique characteristics that favor its | grade ores only during the past two 
production in the U.S.S.R. may decline | continued usage in dental applications; | decades. 
during the present economic crisis while | its usage in dentistry should probably Cumulative world production to date 
pressure to sell gold to raise foreign ex- | remain at or near the present level | is estimated at about 105,000 metric 
change will continue. Sales of gold by | despite the continued impact of | tons (3.4 billion ounces), about two- 
central banks and sales of bullion coin | cheaper substitute materials. thirds of it mined in the past 60 years. 
holdings by European investors may be The total is equivalent to a cube 
somewhat less than in 1989 and the |__—s———(‘iWC™h™hCUhCUCSCS | roughly 18 meets (58 feet) on a side. 

| amount of scrap entering the market | BACKGROUND The Republic of South Africa has been 
should remain at the present low level. —_,_————————— | the source of about 41% of that gold, 

Gold Fields concluded its supply but nearly all countries have reported at 
forecast by stating that, in the absence Gold lore and the use of gold pre- | least some production of gold. 
of exceptional sales from CPE coun- | dates written history. Gold has been U.S. gold production from its begin- 
tries, the record supply level of 1989 is | considered a precious metal since an- | ning in the 18th century to date totals 
unlikely to be repeated in the immedi- | cient times, and the search for gold has | nearly 11,000 metric tons (353 million 

ate future. On the demand side, Gold | stimulated world exploration and world | ounces). The principal producing States, 
Fields expects that the rate of growth in | trade for more than 60 centuries. in declining order of cumulative produc- 
jewelry demand of the past 3 years may Gold mining in the United States | tion are: California, Nevada, Colorado, 
decline as consumer spending slows. | began about 1800 in North Carolina, | South Dakota, Alaska, Utah, and Mon- 
Similarly, an expected decline in physi- | with Georgia becoming a producer in | tana; the remainder came from 11 other 
cal bar hoarding in Brazil and Some | 1829 and Alabama in 1830; Virginia, | States. To date, lode gold mining has 
Far Eastern Nations may be softened | Tennessee, and later New Mexico began | supplied about 50% of U.S. production, 
by increased demand from the Republic | producing as prospectors moved west. | placer mining 35%, and base metal min- 
of Vietnam. The most important gold discovery, | ing 15%. The Homestake Mine at Lead, 

If the price of gold remains at levels | because of its influence on develop- | SD, has accounted for about 10% of all 
acceptable to the domestic mining indus- | ment in the Western United States as | U.S. gold production. Other major 
try, gold production may be expected to | well as on the amount of gold pro- | sources of past production include the 
grow, but at a slower rate than that of the | duced, was at Sutter’s Mill in Califor- | Mother Lode and Grass Valley areas of 
past several years. The hectic pace of | nia in 1848. Later discoveries were | California, the Comstock Lode and 
exploration seen in recent years appears | made in most other Western States and | Goldfield areas in Nevada, Cripple 
to have peaked or at least shifted some- | territories. Creek in Colorado, and the Fairbanks 
what toward the base metals. Many small Gold mining in Australia began | and Nome, AK, areas. 
mines opened in recent years will proba- | about 1849 as an offshoot of the Cali- Most domestic gold mines were 
bly close as their limited ore reserves are | fornia gold rush. Russian gold mining | closed by Limitation Order L-208 in 
depleted. This loss in production will | had been expanding since the mid-18th | the early months of World War II so 
probably be offset by some new mines | century, and by the eve of the Califor- | that scarce equipment, supplies, and 
and especially expanded production at | nia gold rush, Russia was producing | skilled manpower could be focused on 
established larger mines where the focus | nearly two-thirds of the world’s gold. | mining essential base metals. Because 
has shifted toward exploiting their large | Gold mining in the Republic of South | of increased cost and rehabilitation 
reserves of gold-bearing sulfide ores. | Africa started in the 1870’s. The last | problems, only a few reopened after the 
Any growth in production must assume, | major gold rush began just before | war; however, during the resurgence of 
of course, that a relatively stable and | 1900 in Canada’s Yukon and in Alaska. | gold exploration and mining over the 
predicatable regulatory climate will con- Early mining was largely by placer | past decade, many deposits affected by 
tinue to prevail. 7 methods with a multitude of miners | L-208 have been reexamined or re- 

On the demand side, the near-term | working stream deposits (placers) by | turned to productive status. 
outlook for continued strength in the | hand mining techniques, a practice that 
all-important jewelry sector depends on | continues to this day in many areas of | Definitions : 
a number of unpredictable factors such | the world. In the 1860’s, the more Gold has an atomic number of 79 
as the continuance of acceptable gold | difficult underground mining of lode | and an atomic weight of 197, occurring 
prices, variable fashion trends, and the | deposits—the sources of the placers— | naturally as a single stable isotope. Its 
continued success of industry product | became important. Cyanidation, a | melting point is 1,063° C and its spe- 

advertising to attract new jewelry buy- | chemical process for gold extraction, | cific gravity is 19.3. In addition to 
ers. Jewelry demand may level off | was introduced about 1890. The con- | being highly resistant to corrosion, 
somewhat in the near term as discre- | centration of finely ground ores by the | gold is also extremely malleable and 
tionary consumer funds tighten. The | flotation process, selective adherence | ductile; 31 grams (1 troy ounce) can be 

use of gold in electronic applications | of mineral particles to rising bubbles, | beaten into about 250 square feet of 
may experience continued growth as | was first used for gold ores around | gold leaf about four-millionths of an 
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inch thick while a similar quantity can | additions of zinc and sometimes a little | pins, etc.; dental findings; and inlaid, 
be drawn into a wire more than 80 km | nickel. White karat golds are usually | clad, and plated metals. Investment 
(50 miles) long. composed of gold, copper, nickel and | products such as bars, coins, and me- 

As an illustration of gold’s high spe- | zinc, although platinum and palladium | dallions are manufactured and sold by 

cific gravity or density, 1 cubic foot of | have also been used as components. both industry and by governments. 
pure gold weighs a little more than Refined gold bullion bars destined 
1,200 pounds, one cubic inch of pure | for monetary, investment, and indus- | Industry Structure 
gold weighs about 311 grams (10 troy | trial usage are generally designated as In the United States during 1989, 
ounces), and a lump or nugget of gold | “Good Delivery Bars.” The unit of | 89% of domestic production came 
the size of a navy bean weighs about 3 | trading on the London Gold Market is | from gold ore, and most of the remain- 
grams (0.1 troy ounce). a bar measuring about 17.8 centimeters | der was a byproduct of silver or copper 

The troy system of weights is gener- | (cm) by 9.2 cm by 4.1 cm (7 inches by | and other base metal production. 
ally used in the United States for gold | 356 inches by 1% inches) thick weigh- | Placer gold production has declined to 
and other precious metals; however, to | ing approximately 12.5 kg (400 troy | about 2% of the reported total produc- 
aid in harmonizing world data collec- | ounces or about 27 pounds), having a | tion in recent years. Sixteen mines ac- 
tion, Government practice now re- | minimum fineness of 995, and bearing | counted for about 61% of domestic 
quires the use of the metric system of | a weight stamp, serial number, melt | output in 1989; 80% came from mines 
measure. Thus, outside of the Govern- | number, and the stamp of an accept- | in Nevada, California, Montana, and 
ment, either system may be encoun- | able melter or assayer. Smaller bars for | South Dakota. The leading producer in 
tered. The troy weight system is based | use by investors as well as industrial | most recent years, Newmont Gold Co., 
on the troy ounce of 480 grains or 20 | users are also commonly available on | provided about 17% of domestic out- 
pennyweight. One troy ounce is equiv- | the commercial gold market. put from its surface operations near 
alent to 1.097 ounces avoirdupois. U.S. trade practice rules for the jew- | Carlin, Nevada. The Homestake Mine, 
Many nations use the metric system; | elry industry, set by the Federal Trade | a deep underground mine in South 
under this system, the weight of gold | Commission, require that any article | Dakota, has been an alternate leading 
may be designated in standard metric | labeled gold must contain at least 10k | producer for many years. The Utah 
terms; gram, kilogram, or metric ton. | gold, with a tolerance of three parts per | Copper Division of Kennecott, a major 
The metric ton is equivalent to 32,150.7 | thousand for most articles, or if sol- | copper producer, has been a significant 
troy ounces. dered, to seven parts per thousand. | gold producer in many years since 

Fineness refers to the weight propor- | Rolled gold plate and gold filled are | 1979, a year when it was the Nation’s 
tion of pure gold in an alloy, expressed | terms referring to articles made of base | largest gold producer. Kennecott’s gold 
in parts per thousand; 1,000 fine gold | metal to which karat gold has been | is a byproduct of its extensive copper 
is 100%-pure gold. Commercially | bonded by soldering, brazing, welding, | mining operations at Bingham Canyon, 
traded gold bullion is usually 995 fine | or mechanical means. A marking such | UT. Freeport-McMoRan Gold Co.’s 
or higher. The term “fine gold” may | as “'4o 10-karat gold filled’ means | Enfield Bell (Jerritt Canyon) Mine, a 
also be used to designate the particle | that one or more surfaces are covered | large open pit operation in north- 
size of gold in its native state; for | with 10-karat gold and the coating con- | central Nevada that began production 
example, a placer deposit with gold | stitutes at least 10% of the weight of | in 1981, was the fourth-largest pro- 
particles ranging from 0.38 milimeter | the entire article covered. No article | ducer in 1989. 
(mm) to 0.76 mm (0.015 to 0.03 inch) | may be marked “gold filled” if its karat Attracted by the favorable U.S. busi- 
in diameter contains fine gold, whereas | gold surface constitutes less than %o of | ness climate, foreign investment in do- 
a similar deposit with particles more | the total weight. Thinner coatings are | mestic firms that produce gold as a 
than 1.5 mm (0.06 inch) in diameter | marked “rolled gold plate. principal product or as a byproduct has 
contains coarse gold. increased since 1980. This is especially 

The term “karat,” like fineness, re- | Products for Trade and Industry true for mining interests acquired by 
fers to purity, but is expressed in 24ths; Although gold compounds are used | multinational companies, some of 
thus 24-karat (24k) gold is 1,000 fine or | in substantial quantities in electroplat- | which in turn may be directly linked to 
pure gold, and 10k gold is 10/24, or | ing, most of the gold sold in the inter- | foreign governments. The general at- 

41.7% gold. Although there are many | national marketplace for industrial us- | tractiveness of the United States as a 
10k alloys, each 10k alloy contains | age is in the form of metal or metal | country in which to conduct business 
41.7% gold. Various 10k alloys, for | alloys. Many standard metallic forms | has been a principal motive behind 
example, differ from each other in the | are available, such as bar, rod, sheet, | these acquisitions. Canadian mining 
number, identity, and proportions of | foil, wire, powder, granule, and shot. | companies have, throughout the his- 
their other constituent metals. Gold | Pastes and inks prepared with gold | tory of North American mining, oper- 
alloys used in jewelry and certain other | powder are widely employed in the | ated mines in the United States, as toa 
end uses are referred to as karat golds, | electronics industry. Much jewelry gold | lesser extent, have British and other 
whereas alloys used in dentistry and | is supplied as granules of specified | European companies. 
electrical devices are designated more | karat content. Semimanufactured items The South African gold mining in-. 
precisely. Yellow, red, and green karat | for trade and industry may include gold | dustry, accounting for about 30% of 
golds are essentially ternary alloys of | jewelry findings or unassembled parts | current world output, consists of about 
gold, silver, and copper, often with | such as earring clamps, chain clasps, | 3 dozen large underground operations 
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and several dozen smaller mines. In a Gold occurs mainly as native metal, | elements, such as tellurium, mercury, 
typical year, the Republic of South | alloyed with silver and/or other metals, | arsenic, and copper, which can be use- 
Africa’s gold industry reportedly mills | and as tellurides. A naturally occurring | ful trace elements in the search for 
enough ore to cover 60 city blocks to a | alloy of gold and silver is known as | gold. In recent years computers have 

height of 20 stories; from this volume is | electrum. Other gold minerals are rare. | proven to be useful in determining the 
recovered enough gold to fill a small | Gold is commonly associated with the | often subtle relationships between trace 
room. These mines are owned or con- | sulfides of iron, silver, arsenic, anti- | elements and gold mineralization. Met- 
trolled by six corporations, which inter- | mony, and copper. allogenic studies relating tectonic histo- 

lock through directorships and mutual Chemical and mechanical weather- | ries and regional and local geology 
shareholdings and have extensive min- | ing and erosion cause gold in the free or | have given better understanding of 
eral and industrial investments in many | metallic form to be released from lode | where important gold deposits may lie. 
parts of the world. The corporations are; | or primary deposits and to accumulate Wire-line core drilling and improved 
Anglo American Corp. of South Africa, | as nuggets and grains in residual depos- | percussion drilling methods have re- 
Ltd.; Anglovaal Ltd.; Gencor Ltd.; Gold | its or placer deposits. Although the | duced the costs and increased efficien- 
Fields of South Africa, Ltd.; Johannes- | richest lode gold deposits have been | cies of exploration and development. 
burg Consolidated Investment Co. Ltd.; | small fissure vein types with quartz | Research on sampling through statisti- 
and Rand Mines Ltd. gangue, the so-called bonanzas, much | cal analysis techniques that take into 

| larger quantities have been mined from | account the distribution and size of 
Geology large, medium-grade deposits. U.S. | gold particles in a sample has shown 

The Earth’s crust has been estimated | gold ores average about 3.5 grams per | ways to effectively reduce sampling 
to have an average gold content of about | metric ton (0.1 ounce per short ton), or | costs. Computer methods have been 
0.0034 gram per metric ton (0.0001 | less; however, the advent of chemical | useful in defining the extent of pay 
ounce per short ton), or 3.5 parts per | heap leaching now makes it possible for | zones in larger ore bodies, such as those 
billion (ppb). Sedimentary rocks, espe- | rock with suitable properties contain- | in the Republic of South Africa, and 

cially sandstones, tend toward higher | ing considerably less than 3.5 grams per | have application to low-grade dissemi- 
than average gold content. In igneous | metric ton to be considered ore. nated deposits. Improvements in min- 
rocks, the content averages slightly ing machinery and procedures and the 
higher in darkly colored mafic rocks | Technology | introduction of new gold leaching 
than in lighter colored felsic rocks. Sea- methods have combined to lower the 
water typically contains about 0.011 ppb Exploration.—Although a number | economic cutoff limits for gold depos- 
gold; however, content varies widely with | of new techniques have come into use | its, providing an impetus for extensive 
location and may range from 0.001 to 44 | in the exploration for gold, the gold | reevaluation of previously mined areas 
ppb. Numerous attempts have been | pan remains one of the simplest and | as well as the incentives necessary to 
made over the years to recover gold from | most efficient low-cost means of find- | encourage the exploration of new, here- 
seawater; however, none have been com- | ing visible gold and tracing it to its | tofore unproductive, areas. 
mercially sustainable. The gold content | source. Collecting, crushing, and pan- An issue of continuing concern to 
in surface and ground waters lies within | ning quartz samples from geologically | domestic gold producers and to pro- 
the range of analyses for seawater, but | favorable areas is a common basic pro- | ducers of other minerals as well is that 
varies widely depending on source. For | cedure employed in prospecting for | of mineral land availability. Because 
instance, waters from gold mines in | bonanza-type lode deposits. Neutron | the geological forces that form moun- 

southern Yakut, U.S.S.R., contain an | activation analysis and atomic absorp- | tains and unique physiographic fea- 
average of 0.7 to 0.9 ppb. In Colorado, | tion spectroscopy permit relatively fast | tures are often responsible for produc- 
waters draining from gold mining and | and reliable gold analyses and have had | ing mineral deposits, exploration for 
other areas contain up to 0.15 ppb, but | an important bearing on the ability of | gold and other minerals frequently fo- 
with no distinct differences between | field geologists to do geochemical sur- | cuses on these areas of disturbance. 
gold-enriched and gold-barren areas. | veys of areas formerly of little interest | The same rugged features that make 
Hot-spring waters generally contain | because of sampling costs and lack of | certain areas attractive to the minerals 
more gold than other waters. outcrops. The long-established fire as- | explorer may also make them less ac- 

Gold deposits are found in many | saying technique, however, continues to | cessible for mining because these areas 
kinds of rock. Hydrothermal deposits | be the most widely used method for | may be more valued for their undis- 
appear to be somewhat more common | determining the quantity of gold | turbed, or wilderness, qualities than 
in acidic and intermediate igneous | present in samples or market products | for their mineral potential. In recent 
rocks, in silty, laminated carbonate | where precision and accuracy of the | years, the trend toward preserving in- 
rocks, and in silicious or aluminous | results are important. Newmont Gold | creasingly greater areas of unevaluated 
sedimentary or metamorphic rocks. | Co. recently initiated an automatic as- | wilderness land, on which exploration 
The general deposit types include hydro- | say system whereby more than 4,900 | is prohibited or severely restricted, may 

thermal, hydrothermal-metamorphic, | laser-read barcoded samples are di- | lead to a decline in new discoveries as 
metamorphic, replacement (lode, mas- | rected daily through the various labo- | well as jeopardize national security. 

sive, and disseminated), and cavity filling | ratory stages with the aid of computers. 
(fissures, stockworks, saddle, reefs, brec- | Geochemical studies have established Mining.—The technology of gold 

cias, and conglomerates). relationships between gold and other | mining is well established, having 
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evolved largely over the past century. | rock drills, large-diameter raiseboring | cently been incorporated at a number 
Much of the world’s gold production | machines, and new types of rubber | of milling operations. 
has come from deep narrow veins or | tired transporters have been developed | 
from thin-bedded layers called reefs; | in recent years to increase the efficiency Smelting.—Many gold mining oper- 
these have been difficult to mine (in the | of mining operations. Also, the South | ations recover gold from cyanide leach 
Republic of South Africa, for example) | Africans have developed new tech- | solutions by precipitation with zinc 
because of high underground tempera- | niques of shaft sinking, mineral proc- | dust, though in recent years, carbon- 
ture, humidity, and extreme rock pres- | essing, and extraction that are critical | in-pulp (CIP) recovery technology has 
sure, which often causes dangerous | to the success of deep mining. At the | been adopted at a number of new min- 
rock bursts. Most domestic gold comes | Vaal Reefs Mine, for example, part of | ing operations. With CIP, activated 
from surface lode mines. the gold ore is transported to the sur- | carbon made from coconut shells or 

Placer mining was once an important | face from a depth of more than 2100 | other durable carbon sources collects 
source of gold. Dredging offers the max- | meters (7,000 feet) by hydraulic pumps. | gold from the cyanided pulp until it 
imum efficiency in large alluvial or ma- | contains 10 to 12 kg (300 to 400 ounces) 
rine deposits; dragline, hydraulic, or Beneficiation.—Milling technology | of gold per ton of carbon. Gold with 
bulldozing methods are commonly used | for gold is highly developed, and nor- | accompanying silver is desorbed or 
in smaller, bouldery deposits. Most | mal mill recovery rates may range from | stripped from the carbon with a strong 
placer mining requires large quantities of | 92% to 96%. Gold is recovered by | alkaline cyanide-alcohol solution. The 
water, but dry operation is also possible, | cyanide leaching of gold ore contained | precious metals are recovered from the | 
using bellows or other air-blowing equip- | in tanks or heaped on impervious | strip solutions by electrodeposition on | 
ment for separation. However, recovery | leaching pads or by amalgamation, flo- | a stainless steel wool cathode. The | | 
efficiency may be lower in dry process- | tation, gravity concentration, and | cathode deposit is then refined into 
ing. For large-scale, open pit lode gold | smelting, or by a combination of these | bullion or doré, a mixture of mostly | 
mining, computer models have been de- | processes. Heap-leach process compo- | gold and silver. The carbon is reused | 
veloped to analyze various production | nents are shown in figures 1 and 2. | after being screen-sized and reactivated | 
factors and establish optimum pit config- | Increased exploitation of gold-bearing | through controlled roasting. Generally, | 
urations and extraction efficiencies. sulfide ores in recent years has led to | gold recoveries range from 92% to 97% | 

The South African mining industry, | the development and application of | of the feed content. Gold leaching proc- | 
a leader in deepmining technology for | several technologies designed to render | esses in use or under development that | 
many years, has evolved new methods | sulfide and refractory ores amenable to | do not employ cyanide as the principal | 

| of controlling problems relating to rock | cyanide leaching; thus, process steps | lixiviant or dissolution medium include | 
stress, dust, and stope temperature. | such as autoclaving, biological preoxi- | the application of thiourea, iodine, 
Both large and small water-powered | dation, or fluid-bed roasting have re- | malonitrile, or various bioextraction | 
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techniques. Some of these alternate | article of jewelry containing recycled | raised by the U.S. Government from 
techniques, unlike the long-established, | gold could conceivably contain atoms | $20.67 per ounce to $35 per ounce. The 
well-understood cyanide process how- | of gold from a golden earring worn by | value of $1 was thus established at 
ever, may be accompanied by unaccept- | Helen of Troy or from a nugget of gold | 28.57 thousandths of a troy ounce, and 
able cost or environmental burdens. | used in the year 4000 B.C. to barter for | gold flowed into the United States. By 
When gold is associated with copper | ingots of crude copper or other goods | 1949, gold stocks held by the US. 
Ores, it travels with the base metal | at a Mediterranean seaport. Department of the Treasury had risen 
through concentration and smelting to Precious metals refiners throughout | to a peak of 21,708 metric tons (698 

the refining stage. It is eventually sep- | the world recover gold from scrap. In | million ounces). 
arated from the anode slimes that ac- | the United States, about 60% of the | During the 1950’s and 1960’s, for- 
cumulate in electrolytic copper refining | scrap comes from current manufactur- | eign central banks vigorously ex- 
cells and is recovered as gold bullion in | ing operations, and the remainder | changed their large dollar holdings for 
the precious metals refinery. Gold | comes from old scrap in the form of | U.S. gold. Consequently, U.S. stocks 
losses in concentrating copper ores are | items such as discarded jewelry and | declined, with much of the gold accu- 
about the same as for copper, but are | dental materials, used plating solu- | mulating in stocks owned by foreign 
negligible in smelting and refining. tions, junked electronic equipment, | governments. When the outflow of 

Gold is refined by chlorination in the | etc. Gold is so valuable that even the | gold was finally stemmed in August 
molten state (Miller process) and by | gloves, aprons, and dust masks worn by | 1971 by a Presidental order ending the 
electrolysis (Wohlwill process). Gener- | gold workers and the dust or “sweeps” | convertibility of U.S. dollars into gold, 
ally, gold bullion made by the Miller | from their shops may be processed to | U.S. stocks stood at 9,069 metric tons 
process is 996 to 997 fine, and bullion | yield payable quantities of metal. Sim- | (291.6 million ounces). Thereafter, U.S. 
made by the Wohlwill process is 999.5 | ilarly, a specialized field of secondary | stocks declined somewhat, reflecting 
to 999.8 fine. gold recovery focuses on gleaning gold | gold auctioned by the Department of 

from defunct gold processing opera- | the Treasury in 1975, 1978, and 1979 
Recycling.—Because of its high in- | tions. Most domestic scrap processors | and later minting of gold coins and 

trinsic value, gold has been recycled | are located in the Northeastern States. | medallions for public sale. At yearend | 
throughout the ages. Thus, a modern The general flow of gold in the sec- | 1989, U.S. Treasury stocks stood at 

ondary industry is shown in figure 3. | 8,146 metric tons (262 million ounces). 
Refiners receive scrap in a variety of Because of increasingly severe pres- 

FIGURE 2 forms and determine processing steps | sures on official gold reserves stemming 
according to batch size, average gold | from attempts by monetary agencies to 

HEAP AND POND LINER content, and the impurities to be sepa- | hold the price of gold down to $35 per 
CROSS SECTIONS rated. Scrap dealers and semi-refiners | ounce, a seven-nation International 

. may process the scrap and then ship the | Gold Pool established a two-tier price 
Heap Pad Cross-Section Z upgraded product elsewhere, including | system in March 1968. Under this sys- 

ye overseas, for further treatment and re- | tem, there was an official price of $35 
Los fining. Scrap is either purchased out- | on monetary transactions, thenceforth 

Aeqtieap right or treated on a toll basis. restricted to Government-owned gold, 
Upper Liner’ LO , OF A considerable quantity of scrap is | and an open market price for other 

UELERESEUGEUSEEENESERESEREEE generated in manufacturing operations, | transactions, which could fluctuate 
~ ° Pea but because of tight security controls | with supply and demand. Since then, 

\ Pe? over waste materials in precious metals | the free market has flourished, and the 
We yr Leak | plants, nearly all of this “home- | price of gold has risen dramatically, 

Lower Liner!) Detection generated” scrap is recovered. Some old | while the monetary sector has evolved 
Sump scrap, on the other hand, is lost because | to the point where most nations con- 

in practice gold cannot be economically | duct gold transactions and value their 

Pond Liner Cross-Section recovered from all manufactured prod- | gold reserves at market-related prices. 
ucts; this is increasingly true as miniatur- | The United States is the only remaining 
ization of gold-bearing electronic prod- |; holder of large gold reserves to value 

! at tee at ea eh, ucts proceeds. The U.S. Department of | them at the low official price of $42.22 
Upper’ Defense recovers a significant quantity of | per ounce. The U.S. dollar was deval- 

Solution re gold from military scrap; other Federal | ued twice in the 1970’s, raising the 
Government agencies either participate | dollar price of gold to $38 an ounce on 

Leak in the Defense recovery program or have | May 8, 1972, and then to $42.22 on 
Detection \Af EERO | ower! their own. October 18, 1973, where it remains 
Sump ee Liner today. With the second devaluation, the 

11: , , President was empowered to eliminate 
Liners, High density, polyethylene Economic Factors regulations on the private ownership of 

or polyvinyl chloride 1 mm to 2.5 mm On January 31, 1934, following pro- | gold, which had been in force since 
thick (60-100 mils) visions of the Gold Reserve Act of that 1934, and these were eventually re- 

year, the official price of gold was | moved on December 31, 1974. January 
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2, 1975, was the first day that the | subsequent years has ranged from | vided to industrial users by the U.S. 

general public was allowed to resume | about 25,000 to nearly 35,000 metric | Treasury until March 17, 1968. 

holding gold without a licence issued | tons. However, only a small percentage In March 1982, the U.S. Gold Com- 

by the U.S. Treasury’s Office of Do- | of the gold traded enters the physical | mission, which had earlier convened to 

mestic Gold and Silver Operations; the | market. consider a renewed role for gold in the 

office was closed on July 31, 1975. Because of gold’s monetary role and | U.S. economy, concluded that reintro- 

Trading in gold futures began in New | the fixed $35-per-ounce price from | duction of gold into the current mone- 

York and Chicago upon restitution of | 1934 to 1968, domestic producers had | tary system would probably not serve to 

the right to private ownership of gold. | difficulty maintaining production in | alleviate potential economic problems 

Trading volume has increased nearly | the face of rising costs. Gold was par- | such as inflation. The prospects for a 

sixteenfold since 1975, peaking at | ticularly attractive as a commercial | return toa gold standard in other coun- 

nearly 43,000 metric tons (1,380 mil- | metal because its price was stable and a | tries would also seem to be uncertain. 
lion ounces) in 1982; the volume in | dependable domestic supply was pro- | However, as a so-called “hard cur- 
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rency,’ gold may come to enjoy a/| course of future events cannot, of |. those remote corners of the Earth 
greater role in world economics, than it | course, be forecast with accuracy, nor | where exploration for other less valu- 
has in the recent past. This is especially | can the price of gold. Forecasting | able minerals could not be justified but 
important as the world economic sys- | gold’s price is unusually complicated | where their serendipitous discovery as a 

tem adjusts to accommodate rapidly | because gold occupies a unique posi- | byproduct of exploration for gold is 
changing political, economic, and | tion among the world’s commodities. | likely to eventually contribute to the 
trade practices and to address the many | Gold is both an internationally traded | needs of society. — 

issues associated with the rapid growth | commodity and, at the same time, a In the fabrication of gold, particu- 

in world population, dwindling re- | long-established, universally acceptable | larly in the electronic and electrical 
sources, and slower growth in indus- | storehouse of value, considered by | industries, the cost of gold used per 
trial productivity. Small-scale bartering | many people worldwide to be superior | unit item is still such a small percentage 
arrangements involving gold continue | to fiat paper currencies with fleeting | of the total unit cost that the price for 
as they have for centuries, especially in | longevity or fluctuating unpredictable | gold is often of small significance in 
frontier mining areas such as those in | value. Unlike many commodity prices | pricing the product. Some industrial 
South America, Africa, the western | that are more or less tied directly to | consumers of gold, however, con- 
Pacific, and remote areas of North | supply and industrial demand, the | fronted with unpredictable and poten- 
America. price of gold cannot be viewed as one | tially ruinous prices, have turned in 

An issue of increasing concern to the | would view the price of other goods or | recent years to the various world fu- 
mining industry as well as Federal, | services in a free market. Gold also | tures markets to ensure that their future 
State, and local law enforcement au- | cannot be viewed strictly from the | gold requirements will be available at 
thorities has been the recent growth in | standpoint of the U.S. market alone, | preselected prices. 
telemarketing fraud and investment | for international, political, and eco- 
swindles involving sales of gold bullion | nomic events that may impose a posi- Costs. —Costs of mining gold in the 
and investment in questionable mining | tive or negative influence on gold the | United States range upward from costs 
ventures. In late 1988, the North Amer- | commodity may be overshadowed by | typical of low-cost placer mining, 
ican Securities Administrators Associa- | developments perceived to favor gold | where dredging or hydraulic operations 
tion Inc. (NASAA) and the Council of | the medium of exchange. For example, | are conducted profitably on gravels 
Better Business Bureaus Inc. issued an | citizens of nations that have been in- | containing less than 0.49 gram per cu- 
Investor Alert entitled “Dirt Pile Gold | vaded by other countries during the | bic metric (0.01 ounce of gold per cubic 

, Swindles.” The alert was to educate the | course of their history tend to value the | yard). Surface lode mining, although 
public regarding the organization, | monetary and exchange aspects of gold | considerably more expensive than 
characteristics, and pitfalls of the clas- | more highly than countries such as the | placer mining, is profitable with some 

sic “dirt pile’ or “gold-in-the-ground” | U.S.,where this has not been the case. | ores containing as little as 0.3 gram of 
swindle. The NASAA is composed of | To them, gold is money or the preferred | gold per metric ton (0.01 ounce per 
representatives from the securities reg- | substance of wealth, and the ownership | ton), depending on the stripping ratio, 
ulatory agencies of all 50 States plus | of even a small amount of physical | size and type of operation, the charac- 
Puerto Rico. Law enforcement author- | metal ensures escape or a new begin- | teristics of the ore processed, and the 
ities and various industry trade groups | ning. Therefore, many individuals | mine’s location with respect to the du- 
continue to police against other fraud- | worldwide, as a matter of tradition or | ration of the operational season and 
ulent practices such as misrepresented | simple prudence, continue to hold | the infrastructural requirements. Un- 
gold quality marks on jewelry and bul- | small quantities of gold in the form of | derground mining for gold is the most 
lion and faked collector coins. jewelry, coins, nuggets, etc., legally or | expensive mining, but costs vary greatly | 

illegally, as a portable form of univer- | from mine to mine; nevertheless, some 
Prices.—The price of gold is a topic | sally accepted capital; for some, espe- | underground mines are able to produce 

of continuing concern and interest to | cially in developing countries, gold may | an ounce of gold at costs below those 
the producer and the consumer of gold | constitute the only available and rela- | of some surface operation; for exam- 
alike; where it has been, where it will | tively risk-free form of old age or di- | ple, the average cost to produce an 
go, and the reasons behind its wild | saster insurance. ounce of gold at the 2400-meter-deep 
fluctuations over the past decade or so Although the average price has de- | (8,000 ft) Homestake Mine in South 
have been studied from every angle by | clined from its record 1980 level of $612 | Dakota, including a small contribution 
numerous observers. Apparent causes | per ounce, it remains considerably | from a new surface pit, during 1989 
for the price changes have been pre- | higher than the prices of the early | was $322. The cost was distributed as 
sented, and speculation on their future | 1970’s. This high price level, not gen- | follows: mining and treatment, $287; 
directions have been offered. erally enjoyed in recent years by many | administrative and general $16; and 

Unfortunately, many of these sophis- | other commodities, continues to spark | taxes $19. 
ticated econometric models forecasting | investor interest and lead to an overall Costs for processing gold ores can vary 

the price using combinations of eco- | sustained increase in the level of fund- | widely, depending on the treatment re- 
nomic, political, and social factors that | ing available to gold producers to invest | quired. Recent advances in heap leaching 
proliferated in the early 1980’s had all | in exploration and productive capacity. | of gold and extraction with activated 
but disappeared from the public do- | The heightened interest in gold has, as | carbon may afford lower capital and 
main by the end of the decade. The | in the past, promoted exploration of | operating costs than those associated 
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with conventional cyanidation. One re- | stated economic and political objectives. | fates and other soluble compounds. 
cent advance, for example, is particle | For example, in the Republic of South | Pollution resulting from some placer 
agglomeration, a technique developed | Africa gold mines are taxed in accor- | operations may be reduced or elimi- 
and patented by the Bureau of Mines to | dance with two basic formulas: one taxes | nated through the use of properly de- 
increase the flow rate of leaching solu- | the profits of mines opened before to | signed settling ponds. Waste dumps, : 
tions through crushed ore. Fine particles | 1966, while the other formula applies to | mill tailings, and excavations are in- 
in the ore that would otherwise impede | newer mines. Many major gold- | creasingly subject to public scrutiny, 
solution flow are bound together or ag- | producing nations have also provided tax | and control costs must be taken into 

glomerated through the addition of a | concessions, subsidies, and others assis- | account with other operating factors. 
water-soluble binder such as a cement or | tance to gold mining. The U.S.S.R. has | Expanded mine safety requirements in 
lime. Other innovative techniques devel- | supported gold mining through adminis- | recent years are another important cost 
oped in recent years to improve the effi- | trative fiat. China encourages gold pros- | factor. 
ciency of the heap-leaching process in- | pecting by both the civilian and military | | 
clude the use of ore conveyors and | population. Australian mining compa- Employment.—According to annual 
stackers, solution heaters, and improved | nies have for decades been exempted | data prepared by the U.S. Department 

| solution distribution and recovery and | from paying taxes on profits derived | of Labor, employment in the Nation’s 
leak detection systems. Other advantages | from gold mining. However, effective | gold mines and mills, exclusive of of- 

_ | of heap leaching over conventional mill- | January 1, 1991, the Government of | fice employees, more than doubled 
ing include shorter plant construction | Australia will eliminate its six-decade-old | from nearly 7,000 in 1985 to 15,000 in 
time and greater adaptability to lower- | tax exemption for income derived from | 1989. The number of jobs available in 

grade ores. A disadvantage of conven- | gold production, including byproduct | both surface and underground mines 
| tional heap leaching is lowered recovery, | production from copper operations | and associated processing plants is not 

usually 60% to 80% of the gold present, | where gold represents more than 40% of | always directly proportional to mine 
compared with 88% to 92% or greater | the total income. production, reflecting instead varia- 

_ | recovered by conventional mill treat- tions in development activity, the price 
- | ment. The recovery efficiency of heap- | Operating Factors of gold, weather, type of mining oper- 

leaching operations where agglomeration | . ation, etc. Citing employment studies 
technology is employed approaches that Environmental Requirements.—The | for mining in Nevada and South Da- 
of conventional methods. costs associated with meeting various | kota, the Economics Institute of Boul- 

Some producers, by forward selling | Federal, State, and local environmental | der, CO.'° derived an employment mul- 
of their future gold production, are | requirements can vary considerably | tiplier of 19.4 that, when applied to 
able to maintain economic production | from one mine site to another. At mines | each $1 million of gold production, 

even during periods when their produc- | utilizing cyanide recovery techniques in | gave an estimate for total direct plus 
tion costs may exceed the existing mar- | their milling or heap-leaching plants, | indirect employment attributable to 
ket price of gold. special precautions and monitoring | gold production of about 51,000. 

procedures are employed to avoid con- 
Taxes.—Taxes may be levied on min- | tamination of the surrounding environ- 

ing operations for gold and other min- | ment and to reduce the exposure of 1Qunce refers to troy ounce. One kilogram of gold 
erals at the Federal, State, and local | wildlife or humans to cyanide-laden | weighs 32.1507 troy ounces. 
levels. In addition to the usual busi- | process streams. In an emergency, -_Bundizen, T Kane . C. Se ae De ey 
ness, occupation, and property taxes chemical breakdown of cyanide can be oo i Geophys. Surv. Public data file 90-10, Max 1990. 
and licence fees required of all business | induced quickly with chlorine gas. 6 pp. 
enterprises, mining operations in many Because of the danger of mercury 3 Barker, J. C. and F. Skudrzyk. Mining in Siberia: 
States are subject to severance or ex- | pollution, the use of mercury amal- | Americans Get a Look. Minerals Today. Mar. 1990. pp. 
traction taxes imposed on the yield or | gamation in domestic gold operations | !3-!4. 
proceeds received from the sale of | is now virtually nonexistent. The amal- | _ “Placer Mining in Alaska. A Guide to Mitigation and 
newly mined products. In 1989, the | gamation process continues, however, nee > We ath 3  anachorene, ak 
State of Nevada, for example, increased | to be used in an environmentally detri- | 99513, 1989, 50 pp. — 
the net profits tax on State mineral | mental manner in some unregulated 5 Bennett, E. H., V. S. Gillerman, and V. E. Mitchell. 
production from about 2% to 5%. In | frontier mining operations in the Am- | Annual Review of State Activities—Idaho. Mining Eng. 
1986, a new Federal tax, the Customs | azon Basin and in the Philippines. Mer- ee ts ocak Manic Pp. + Mneal evel 

os . 0 
User Fee, was adopted; it places a | cury and arsenic can be natural con- | ___ ” Montana. 1989. Mr BuMines Geol. MBMG 
0.22% levy on all imports, including | taminants of gold ores, requiring | 493 1999, 42 pp. 
gold and gold-bearing products. The | troublesome or costly extraction proc-'| — 7 Brooks, H. C. Mining and Exploration in Oregon in 
fee was reduced to 0.17% on Septem- | esses. Other potential pollutants that | 1989. OR Geol. V. 52, No. 2, Mar. 1990, pp. 37-42. 

ber 30, 1987. may be byproducts from gold mining ® Joseph, N. L. Washington’s Mineral Industry in 
Most major gold-producing nations | include antimony, bismuth, tellurium, | 1989. WA. Geologic Newsletter, WA Div. Geol. and 

impose taxes on domestic mining opera- | and thallium. Two iron sulfides, pyrite Monee ve rien : Kh ns Pe Prat 
tions; taxation of the gold mining indus- | and pyrrhotite, commonly occur in | 7, Green. » others Gold 1990. Gold Fields Mineral 
try in some countries may be specifically | gold deposits and can be a source Of | Services Ltd. (London), May 1990, 64 pp. 
tailored to accommodate a nation’s | stream pollution as they oxidize to sul- 10 Audet, D. Gold. Canadian Minerals Yearbook— 
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1989. (Advance copy) V. 111, No. 3, Mar. 1990, pp. | and Challenges. The Economics Institute (Boulder, Council, New York and Geneva, 

29.1—29.20. CO.). Paper presented at the Gold and Silver Institutes, Switzerland 

11 Work cited in footnote 9. Annual Meetings, Grand Cayman Island, Mar. 12-15, Eneineeri " d Minine Journal 
12Values have been converted from South African | 1989, pp. 19-20. | hgemeering an ining Jou ° 

rands (R) to US. dollars at the rate of Chicago, IL. 

R1.00= US$0.3822 for 1989, as shown in Int. Financial Gold Bulletin (quarterly), World Gold 
° OTHER SOURCES OF INFORMATION . ° Stat., V. 43, No. 5, May 1990, p. 478. ~ Council, New York and Geneva, 

3 Research 1989-90. Bureau of Mines, 1990, pp. ¢ Mines Publicati Switzerland. 

or Bureau of Mines Publications Gold News (bimonthly), Gold Institute, 
Greaves, J. N., W. R. McDonald, and J. M. Gold. Ch. in Mineral Commodity Washington, DC 

Maysilles. Tungsten and Gold Recovery from Alaskan Summaries. annual , ; ° 

Scheelite-Bearing Ores. BuMines RI 9251, 1989, 16 pp. Gold (and Silver) Re orted monthlv in Jewelers’ Circular-Keystone, Radnor, 
Bhakta, P., J. W. Langhans, Jr, and K. P. V. Lei. De NEP y PA. 

Alkaline Oxidative Leaching of Gold-Bearing Arsenopy- Mineral Industry Surv cys. Metals Week, New York. 

ite Ores BuMines RI °258, 1989, 12 PP - eta Miner Today. A bimonthly Mining Journal (London). 

STee eee eee ee et Oe publication. Mining Record, Englewood, CO. 
Impurities on Adsorption of Gold by Activated Carbon : 
in Cyanide Solutions. BuMines RI 9268, 1989, 7 pp. Other Sources The Metalsmiths. Noble Metals. 

15 Work cited in footnote 9. . American Metal Market, New York. Time-Life Books Inc. New York. 

16Thomas, P. R. Gold Into the Nineties: Prospects Aurum (quarterly), World Gold The Northern Miner, Toronto, Canada. 

482 GOLD MINERALS YEARBOOK—1989



ee | 

_ By Harold A. Taylor, Jr. 

Physical scientist, Branch of Industrial Minerals. He has covered graphite for 10 years. Domestic survey data prepared by 
Joseph Daniels, mineral data assistant, Branch of Data Collection and Coordination. International data prepared by Audrey 

Wilkes, international data assistant, Geographic Data Section. 

morphous’ graphite was | ite from the strategic and critical mate- TABLE 2 

mined domestically in 1989. | rials stockpile occurred in 1989. How- | ys. GOVERNMENT STOCKPILE 

Graphite supplies, particu- | ever, new and smaller goals were | GOALS AND YEAREND STOCKS 
larly of fine crystalline flake, | authorized but not implemented, as OF NATURAL GRAPHITE 

lagged behind industrial demand, which | follows: 12,882 metric tons for Mada- IN 1989, BY TYPE 
increased substantially from the previous | gascar crystalline flake and 1,751 tons 
year. Prices of the major imported | for crystalline graphite other than Mad- (Metric tons) 

graphites generally increased from | agascar and Sri Lanka. The following 

those of 1988. Production of manufac- | amounts of graphite were authorized National | 

tured graphite and graphite fibers de- | for disposal: up to 3,298 tons of Mad- Type Goal _ stockpile 
creased slightly and increased by 21% | agascar crystalline flake and up to 792 or 

respectively. tons of crystalline graphite other than adagascar crystalline 
Madagascar and Sri Lanka. flake CAB AAG 

Sri Lanka amorphous 

wee ee lump ~~ «5,715 4,934 

DOMESTIC DATA Crystalline, other than 

COVERAGE TTT Madagascar and Sri 

—$_____————— | PRODUCTION Lanka 2,540 1,754 

OT Non stockpile-grade, all 
Domestic production data for syn- types — 846 

thetic graphite are developed by the Source: General Services Administration, Inventory of Stockpile 
Bureau of Mines from a voluntary sur- United Minerals Co. operated its | Materials as of Dec. 31, 1989. 
vey of domestic producers. Of the 33 | Townsend, MT, mine in 1989. Output 
operations polled, 100% responded. | of manufactured graphite decreased 

This represented 100% of the total pro- | slightly to about 270,000 tons, at 30 | SESS 

duction data shown in table 4. plants, with a likelihood of some unre- | CONSUMPTION AND USES 

ported production for in-house use. |, 

CS} «@Production of all kinds of graphite 

LEGISLATION AND fiber and cloth increased 21% to 2,915 Reported consumption of natural 

GOVERNMENT PROGRAMS | (©1:. Union Carbide Corp. continued | graphite increased 9% to about 37,400 | 

| to operate its Puerto Rican graphite | tons. The three major uses of natural 

electrode plant in 1989, on an interim | graphite were refractories, lubricants, 

No acquisitions or disposal of graph- | basis. and foundries, which together accounted 

| for 59% of reported consumption. 

Nonclay refractories represent two 

TABLE 1 important use categories of graphite. 

SALIENT NATURAL GRAPHITE STATISTICS Standard refractory products, particu- 
larly gunning and ramming mixes, ac- |. 

<< 4eR6S~«~BT~*«<“‘«*‘«‘sBS*C*‘CS#C«C#UWSORO~ counted for a sizeable part of the de- 

$$ | mand in the past 5 years, mainly as 
United States: . . 

oOo amorphous graphite. Crucibles, shrouds, 

_Production _—metrictons CC CCW | zie, stopper heads, and retorts, used 
_ Apparent consumption do. 40,261 31,784 31,634 42,799 50,867 | in hot metal processing operations such 

Exports do. 7,581 7,034 11,700 11,068 11,452 as the continuous casting of steel, use 

Value thousands $3,125 $3,416 $6,218 5,815 7,421 | significant amounts of crystalline flake. 

Imports for High-purity coarse flake graphite is 
consumption metric tons 47,842 38,818 43,334 53,867 62,319 preferred for crucibles and refractory 

Value thousands $16,186 $15,758 $17,654 $23,238 33,707 | associated items, but generally it is 

World: Production metric tons "583.779 624,718 648,156 643,938 °634,050 | mixed with some fine crystalline mate- 

©Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. rial of lower value. The newest impor 
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TABLE 3 

PRINCIPAL PRODUCERS OF SYNTHETIC GRAPHITE IN 1989 

Company Plant location Product ! 

Akzo-Enka America Inc., Fortafil Fiber Div. Rockwood, TN High-modulus fibers. 

Amoco Performance Products Greenville, SC Cloth, high-modulus fibers. 

Ashland Petroleum Co., Carbon Fibers Div. Ashland, KY High-modulus fibers. 

BASF Structural Materials Inc. _ Rock Hill, SC Do. 

Courtaulds Grafil Co. Sacramento, CA Do. 

Fiber Materials Inc. Biddeford, ME Other. 

Fiber Technology Corp. Provo, UT 

BF Goodrich Co., Engineered Systems Div., Super Temp 

Operation . Santa Fe Springs, CA Other. | | 

Great Lakes Carbon Corp. 

Do. Morganton, NC Electrodes, unmachined shapes, motor brushes, other. 

| Do. Niagara Falls, NY 

Do. . Ozark, AR 

Hercules Inc. Salt Lake City, UT High-modulus fibers. 

HITCO Materials Group, British Petroleum Co. Ltd. Gardena, CA — Cloth and high-modulus fibers. _ 

National Electrical Carbon Co. , Fostoria, OH Motor brushes, unmachined shapes, cloth. 

North American Carbon Inc. Punxsutawney, PA Other. 

Pfizer Minerals, Pigments & Metals Div. Easton, PA Do. 

Polycarbon Inc. Valencia, CA Cloth. 

Showa Denko Carbon Inc. Ridgeville, SC Electrodes, other. 

Sigri Carbon Corp. Hickman, KY 

Stackpole Fibers Co., Inc. Lowell, MA High-modulus fibers. 

The Stackpole Corp., Carbon Div. _ St. Mary’s, PA Motor brushes and unmachined shapes. 

Standard Oil Co., Specialty Graphite Metallics Div. Sanborn, NY Motor brushes, unmachined shapes, cloth. 

Superior Graphite Co. Russellville, AR Electrodes and other. 

Do. | Hopkinsville, KY 

Textron Corp., Avco Specialty Materials Div. Lowell, MA High-modulus fibers. | 

The Carbon/Graphite Group Inc. Niagara Falls, NY Anodes, electrodes, unmachined shapes, motor brushes, | 

refractories. 

Do. St. Mary’s, PA 

Union Carbide Corp., Carbon Products Div. Clarksburg, WV _ 

Do. | Clarksville, TN Anodes, electrodes, unmachined shapes, crucibles and 

. vessels, other. 

Do. Columbia, TN 

Do. Yabucoa, PR | | 

' Cloth includes low-modulus fibers; motor brushes include machined shapes, crucibles include vessels. 

tant refractory use for graphite in steel- | The graphite is mixed with a small abrasive-type impurities. 
making is in carbon magnesite brick, | amount of clay, suspended in an adhe- Some interchange of the various 
where large amounts of crystalline | sive material, and applied as a thin | types and grades of natural graphite 
flake are now used. coating to mold surfaces to provide for | and between manufactured and natural 

Graphite is used in brake and clutch | clean and easy mold release of the | graphite takes place, but the degree is 
linings. More graphite is being used as | metal castings. difficult to determine. Manufactured 
users change over from asbestos. The Graphite is important as a lubricant | graphite does not compete with natural 
graphite lubricates, transfers the heat | and as an ingredient in special pack- | graphite in most uses because of its 
of friction away from the part, and | ings. When used as a lubricant, it can | greater cost. Manufactured graphite is 
leads to a lower rate of wear. Graphite | be a dry powder or mixed with oil or | not substitutable for natural flake 
is more commonly used in heavier-duty | water. It is used with materials that | graphite in clay-bonded graphite cruci- 
nonautomobile linings. Low-quality | must withstand extreme conditions, | bles, although some crucibles are ma- 
crystalline flake and amorphous graph- | such as very high temperatures. Mate- | chined from manufactured graphite for 
ite are suitable for foundry facing use. | rial for this use must be free of | special uses. Calcined coke and other 
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TABLE 4 | consumption. 

U.S. PRODUCTION OF SYNTHETIC GRAPHITE, BY USE The price for crystalline graphite at the 
point of consumption—mostly crystal- 

—__—- a _ | Tine flake, some crystalline dust, and a 
1988 1989 . . 

Use Ounw Ne OTCOLAM Wale little lump graphite—rose by 27% to 
Quantity Value Quantity ane $1,540 per ton. The price for amorphous 

(metric tons) (thousands) (metric tons) (thousands) . . . 
Prodchge TT graphite (including small amounts of 

So amorphous-synthetic graphite mixtures) 
Anodes 6,827 $17,399 6,196 $18,144 | ce by 5% to $707 per ton. 

Cloth and fibers (low-modulus) 239 28,228 377 34,846 

Crucibles, vessels, refractories W W W W 

Electric motor brushes and 

machined shapes W W W W FOREIGN TRADE 

Electrodes 192,959 "382,538 188,264 379,196 Te 

Graphite articles! — 35,656 — 32,492 

High-modulus fibers 2,176 117,754 2,538 128,603 The United States changed its tariff 

Unmachined graphite shapes 5,033 33,258 4,584 27,297 classification to the Harmonized Code 
Other 6,542 47,881 6,201 57,516 on January 1, 1989. This has rendered 
‘Total i(asé‘éét!!U.OUOCOC~*~*S2 3776 ©) 662,714 208,160 ~——«26 78,094 the 1988 and 1989 import and export 

Synthetic graphite powder and scrap —S>_ "63,939 "34,648 62,259 28,574 | Statistics to be somewhat noncompara- 
~Grandtotal~=—=<“‘éSC!O OS 697,362 «9 270,419 «| 706,668 ble. The statistics for imports of artifi- 
i —§@§ | cial graphite are completely noncompa- 
Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” oe . . 

' Includes all items for which no quantity data is available. rable; actual activity is believed to be 

fairly similar in both years. 
Total exports of natural graphite de- 

creased slightly. Exports of graphite 
TABLE 5 , electrodes totaled 97,307 tons valued at 

$142.6 million, of which 32,966 tons | 
U.S. PRODUCTION OF GRAPHITE FIBERS | ($20.3 million) went to Canada, 11,474 

NN | tons ($15.0 million) to Brazil, 11,161 | 
lowenoha ane bers High-modulus fibers Total tons ($22.4 million) to Japan, 7,051 | | 

Year Quantity ~—Vailue “Quantity —~Vaiue Quantity ~—~-Vailue tons ($15.6 million) to Venezuela, 3,542 

(metric tons) (thousands) (metrictons) (thousands) (metrictons) (thousands) tons (89.2 million) to ve Prone Re- 
1979 153 $10,089 176 $13,031 329 $23,120 | Public of Germany, and the balance to 

"| other destinations. 
198000 S38 SATB T2833 Imports of natural graphite in- 
198) 1961552982757 37,052 | Greased 16% from those of 1988. Im- 
1982 192 17,706 549 30,091 741 47,797 _ | ports of natural graphite from Canada, 
1983 171 14,217 670 33,854 841 48,071 China, the Republic of Korea, and 

1984 202 17,979 1,052 56,436 1,254 74,415 Madagascar rose substantially. 

1985 287 27,235 1,439 84,743 1,726 111,978 

1986 149 17,895 1,373 76,622 1,522 94,517 

1987 231 23,706 1,583 84,559 1,814 108,265 UE UE 

1988 239 28,228 2,176 117,754 2,415 145,982 | WORLD REVIEW 
1989 377 34,846 2,538 128,603 2,915 163,449 

The current year has been interesting 

) | and murky, as we watched two major 
developments being played out. At 

carbons are satisfactory substitutes for | gotiated between the buyer and seller | yearend 1988, the Chinese announced 
graphite for certain foundry core and | and are based on purity and other | some major price increases in crystal- 
mold washes and are used when they | criteria. Therefore, published price | line flake coupled with a cutback in 
can compete in terms of price and | quotations such as those in Industrial | exports of 40,000 to 50,000 tons. They 

supply. Other carbons with high purity | Minerals are given as a range of prices. | stated that this resulted from a drought 
can be used in batteries. - Another source of information for | which affected the water supply for ben- 

graphite prices is the average customs | eficiation and transportation, greater in- 

Sts per ton of the different imported | ternal consumption, and the closure of 
PRICES classes. These mainly represent ship- | economically marginal mines. The 

—_——_,_—!_—!——1——— | ments of unprocessed graphite. A third | higher prices continued to be posted 
source for natural graphite prices is the | throughout the year. A high Bureau 

Natural graphite prices are often ne- | amount paid per ton at the point of | official was told earlier by the Chinese 
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that industrial mineral prices at the Oc- | backdrop, a number of Canadian would- | merchant banker to perform a feasibil- 
tober 1989 Canton Fair would be “very | be graphite producers struggled to come | ity study of the Munglinup graphite 
competitive.” In spite of this supposed | on-stream to fill this perceived gap. New | prospect. The prospect is 80 kilometers 
cutback, the actual Chinese graphite ex- | capacity came on-stream in Norway and | east of Ravensthorpe, Western Austra- 

ports to major markets changed little | Mexico which also offset the shortfall in | lia. Earlier diamond drilling showed 
from 1988. No drop off was observed | production. graphite continuity over a strike length 
towards the end of the year. The demand | in excess of 600 meters. Total resources 
by actual consumers such as the steel | Australia | were stated to be 1.6 million tons aver- 

industry held up well, and it was proba- Gwalia Minerals NL entered into a | aging 18% carbon. Pilot plant testwork 
bly even stronger than 1988. Against this | joint venture with a London-based | is also underway. If the feasibility study 

TABLE 6 

U.S. CONSUMPTION OF NATURAL GRAPHITE, BY USE 

| Crystalline Amorphous’ Total ? 

Use Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1987: 3 13,132 $14,795 16,046 © $9,082 29,178 $23,876 

1988: | 

Batteries Ww Ww Ww Ww 804 1,340 
Brake linings "2,601 *1,948 "2,494 "3,107 5,095 5,055 

Carbon products* 317 879 232 374 549 1,253 

Crucibles, retorts, stoppers, 

sleeves, nozzles W W W W 1,641 1,818 

Foundries ° 465 283 3,907 1,247 4,373 1,530 

Lubricants ° "3,386 74,895 "2,815 1,623 "6,201 "6,518 

Pencils "1,596 "1,947 303 174 “1,899 2,121 

Powdered metals 1,450 1,472 50 84 1,500 1,556 

Refractories W W W W 7,382 4,352 

Rubber 95 128 338 324 434 452 

Steelmaking 188 116 1,153 1,405 1,341 1,521 

Other’ ’ 2,533 5,655 455 677 2,988 6,332 

Withheld uses , 7,267 6,848 2,560 663 — — 

Total’ 2 19,897 24,171 14,308 9,678 34,205 33,848 

1989: OO OO OC 

Batteries W WwW W W 1,243 1,924 

Brake linings 2,281 2,436 2,427 5,450 4,708 7,886 

Carbon products* 340 886 167 242 507 1,128 

Crucibles, retorts, stoppers, | 
sleeves, nozzles W W W WwW 1,497 1,697 

Foundries°> 408 481 4,847 1,412 5,255 1,893 

Lubricants ° 3,391 5,033 3,125 1,068 6,516 6,101 

Pencils 1,757 1,876 248 150 2,005 2,026 

Powdered metals 1,401 2,551 58 111 1,459 2,662 

Refractories W W W W 10,195 8,985 

Rubber 72 108 406 314 478 422 

Steelmaking 218 122 1,035 484 1,253 606 

Other’ 2,108 7,542 189 284 2,297 7,826 

Withheld uses 8,527 9,552 4,408 3,054 — — 

Total? 20,503 30,587 16,910 12,569 37,413 43,156 

W Withheld to avoid disclosing company proprietary data; included with ‘Withheld uses.” 

‘Includes mixtures of natural and manufactured graphite. 

* Data may not add to totals shown because of independent rounding. 

3 Revision reflects a data correction in the lubricant and other use categories 

4 Includes bearings and carbon brushes. 

> Includes foundry facings. 

© Includes ammunition, packings, and seed coating. 

7 Includes paints and polishes, antiknock and other compounds, soldering and/or welding, electrical and electronic products, mechanical products, magnetic tape, small packages, industrial diamonds and 
drilling mud. 
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TABLE 7 TABLE 8 

REPRESENTATIVE YEAREND GRAPHITE PRICES INDEXES OF UNIT VALUE 
, , OF GRAPHITE FIBER PRODUCED 

(Per metric ton) wc 
IN THE UNITED STATES 

1988 1989 (1973 = 100) 

Industrial minerals: 

Crystalline large flake, 85% to 90% carbon $820-$1,300 $820-$1,300 | Year low. coh ane pers High-modutus 

Crystalline medium flake, 85% to 90% carbon 770- 1,120 770- 1,120 | —————————— 

Crystalline small flake, 80% to 90% carbon 540- 900 s4o- 900 | 278 
Powder (200 mesh), 95% to 97% carbon -770- 1,000 770- 1,000 979A 

Powder (200 mesh), 97% to 99% carbon 1,000- 1,300 1,000- 1,300 $9800 SC 

Amorphous powder, 80% to 85% carbon 220- 440 220- 440 i 

Custom value, at foreign ports: 98200 

Flake 742 951 W830 
Lump and chip, Sri Lankan 843 1,027 i 

Amorphous, Mexican 53 114 Wes A 

Source: Industrial Minerals, No. 255, Dec. 1988, p. 82, and No. 267, Dec. 1989, p. 82. 98600 

1987 153 50 

1988 179 57 

1989 164 52 

' The indexes were calculated from company data most represen- 

tative of the industry and are not based solely om data shown im 

table 5. 

| TABLE 9 

U.S. EXPORTS OF NATURAL AND ARTIFICIAL GRAPHITE, BY COUNTRY 

Natural ! Artificial Total 

Countr : . _ TT 

° anette tons) Value cneirie tons) Value unetric tons) Value 

1988: 

~ Brazil 17 $5,524 284 $330,791 301 $336,315 
Canada 5,989 2,093,978 12,170 638,990 18,159 2,732,968 

Germany, Federal Republic of 15 3,735 2,027 | 737,953 2,042 FAL O88 

Italy 20 23,518 167 197,891 187 221,409 

Japan 1,500 1,314,394 | 4,037 3,201,325 5,537 4,515,719 

Mexico 1,158 526,572 463 245,695 1,621 772,267 

United Kingdom 328 276,731 1,694 1,195,560 2,022 1,472,291 

Venezuela 504 382,071 224 140,754 728 §22,825 

Other 1,536 1,188,192 11,348 7,323,521 12,884 8,511,713 

Total 11,068 5,814,715 32,414 14,012,480 43,480 19,827,195 

1989: nn Oo ne SO 

Brazil 8 17,452 885 1,324,786 893 1,342,238 

Canada 5,936 3,032,576 14,295 4,964,881 20,231 7,997 ,457 

Germany, Federal Republic of 156 72,316 1,860 848,464 2,016 920,780 

Italy 102 211,966 268 261,984 370 AT3 950 

Japan 572 691,249 1,905 2,734,937 2,477 3,426,186 

Mexico 2,382 1,203,060 1,176 656,173 3,558 1,859,233 

United Kingdom 448 189,271 3,777 2,485,322 4,225 2,674 ,593 

Venezuela 411 686,777 90 79,166 501 765 ,943 

Other 1,437 1,316,130 13,021 12,610,802 14,458 13,926,932 

Total 11,452 7,420,797 37,277 25,966,515 48,729 33,387,312 

! Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 

Source: Bureau of the Census. 
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TABLE 10 

U.S. IMPORTS FOR CONSUMPTION OF NATURAL GRAPHITE, BY COUNTRY 

eee 

hake chippy dust sen and refined Amorphous Total’ 
Country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

(metric (thou- (metric (thou- (metric (thou- (metric (thou- (metric (thou- 

tons) sands) tons) sands) tons) sands) tons) sands) tons) sands) 

1987 5,964 $4,683 1,272 $1,137 17,771 $10,710 18,328 $1,123 43,334 $17,654 

| 1988: TE TE — OO 
Austria 34 25 — — — — 61 39 95 64 

Brazil 2,080 1,607 — — 2,646 2,064 — — 4,726 3,671 

Canada 2,216 1,533 — — 2,494 1,188 — — 4,710 2,721 

China 1,186 613 — — 13,752 6,051 138 25 15,076 6,689 

France 18 22 — — 27 78 — — 45 100 

Germany, Federal 

: Republic of — 1 — — 248 624 — — 248 624 

Hong Kong 131 53 131 53 

India — — — — 220 207 — — 220 207 

Japan 19 83 — — 224 635 — — 243 718 

Madagascar 2,615 2,169 — — 1,332 1,032 — — 3,946 3,201 

Mexico — — — — 1,607 869 18,794 _ 1,000 20,401 1,869 

Netherlands — — oo — 6 65 — — 6 65 

South Africa, Republic 

of — — — — 340 188 — — 340 188 

Sri Lanka — — 2,819 2,376 — — — — 2,819 2,376 

Sweden — — — — 1 1 — — 1 1 

Switzerland — — — — 119 108 — — 119 108 

Taiwan — — — — 14 3 — — 14 3° 

United Kingdom 80 63 — — 1 1 — — 81 64 

Zimbabwe — — — — 634 410 — — 634 410 

Other 1 4 — — 11 101 — — 12 105 

Total! 8,249 6,120 2,819 2,376 23,676 13,625 19,123 1,117 53,867 23,238 
1989: TO a Te SO 

Belgium-Luxembourg — — — — 50 12 — — 50 12 

Brazil 2,613 2,937 — — 2,935 3,018 — — 5,548 5,955 

Canada 2,144 2,235 — — 3,261 2,684 — — 5,405 4,919 

China 2,995 2,047 — — 12,504 7,906 1,090 995 16,589 10,948 

France — — — — 50 196 — — 50 196 

Germany, Federal 

Republic of 38 48 — — 182 479 — — 220 527 

Hong Kong — — — — — — 220 43 220 43 

India 36 45 — — 431 417 — — 467 462 

Japan 46 161 — — 411 1,646 — — 457 1,807 

Korea, Republic of — — — — — — 7,275 380 7,275 380 

Madagascar 294 322 — — 4,368 3,318 — — 4,662 3,640 

Mexico 71 43 — — 1,704 229 17,073 1,939 18,848 2,211 

Netherlands — — — — 22 404 — — 22 404 

South Africa, Republic 
of — — — — 58 66 — — 58 66 

Sri Lanka — — 675 693 — — — — 675 693 

Switzerland — — — — 66 75 — — 66 75 

United Kingdom — — — — 1 6 — — l 6 

Zimbabwe 685 643 — — 1,018 697 — — 1,703 1,340 

Other — — — — 3 23 — — 3 23 

Total ! 8.922 8,481 675 «693. ~—S—«(27,,064 21,176 25,658 3,357 ~—S—«6 2,319 33,707 
'Data may not add to totals shown because of independent rounding. 
*Less than 1/2 unit. 

Source: Bureau of the Census. 
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is positive, the option on the property TABLE 11 

will be exercised. _ U.S. IMPORTS FOR CONSUMPTION OF ARTIFICIAL GRAPHITE 
_ Graphite Mines of Australia, a sub- AND GRAPHITE ELECTRODES, BY COUNTRY 

sidiary of Solution Mining, announced 

that it would reopen its Uley Mine near | ——-v--__——__ WN] 
Port Lincoln, South Australia. It will Country Sg Ne one 
have an output of 2,500 tons per year (metric tons) (thousands) (metric tons) (thousands) 
of product. The firm plans to gradually TORR 
double the mine’s production and ex- | ———-_______ 
port about 75% of the product. It | —Beleum _ — 352 $676 
plans to spend around $3.8 million. Brazil — — 187 56 

Canada 1,588 $599 9,916 12,606 

China — — 258 376 

Brazil France 769 3,326 1,495 1,983 
Nacional de Grafite Ltda. is plan- Germany, Federal 

ning to increase its product capacity at Republic of 641 2,997 5,138 7,906 
Pedra Azul by building a new plant on Italy 203 411 4,827 7,477 

the same site. The present capacity of Japan 1,002 8,418 21,839 33,245 
28,500 tons of product per year will Mexico _ _ 8,230 9,734 
increase by 18,000 tons per year in| “gpain ti (i‘séS~S _ —— 1,049 1,791 
mid-1991 and by an additional 18,000 | “svg, Sti<i<C‘<C272;2C;CO _ _ 1 15 

tons per year by 1992. Switzerland 4,579 9,852 499 905 
Taiwan — — 234 267 

Canada United Kingdom 7 101 2,703 3,919 

Stratmin Inc. was the only Canadian | Other, 48 212 293 
producer of graphite in 1989. It Total ! 8,793 25,751 56,940 - 81,309 

brought its second mine on-stream and | 1989: | 
was considering expanding its mill ca- Belgium — — 306 542 

pacity to 30,000 tons per year of con- Brazil — — 1,289 503 
centrate. Cal Graphite Corp. and Ex- Canada 37 19 6,130 6,277 
ploration Graphicor Inc. may come | China t—t™S 2 6 526 931 
on-stream in 1990. Exploration Graph- | “france i 9 1,387 1,367 

icor holds three deposits near those of Germany Federal 
. . . ermany, Federal 

Stratmin and is hoping to have a pro- Republic of 217 268 2,758 4,082 
duction capacity of 11,000 tons. a _ _ 5,931 9,747 

Societe d Exploration Miniere Maz- “Japans—<CS~stsS 4 48 4,889 7,807 
arin Inc. estimates that its heavily- “Mexico 190 é 11,333 14,122 

| drilled deposit near Fermont has over | ————-_____- 
8.5 million tons of an unusually rich | _SP@ _ — 325 985 
ore averaging 17% graphite. This | Sweden — _ —_ 5 
would be a 67 years supply at the Switzerland (7) 2 55 105 
proposed productive capacity of 20,000 Taiwan 12 29 4 14 
tons per year. The deposit has good United Kingdom 124 810 588 928 

road access and is close to the iron ore Other 77 126 669 874 
towns of Labrador and Quebec. The Total! 665 1,322 36,390 48,189 
firm tried to negotiate a partnership | ‘pata may not add to totals shown because of independent rounding. =S=<“‘(it~*‘*‘(CS!S*<=~S*é‘iO™SOSOS”S”S”SSSCS 
with Cassiar Mining Ltd., but was un- | *Less than 1/2 unit. 
successful. The project cost was eSti- | Source: Bureau of the Census. : 

mated to be $32 million. | 

add an acid and pressure leaching stage CURRENT RESEARCH 
Mexico that will allow it to make a 99.6% | ~~ 

For $5.7 million, the Mexican Gov- | carbon final product. 
ernment sold all of Grafito de Mexico The Bureau of Mines examined substi- 
SA, its crystalline flake graphite opera- | Sri Lanka tutes for the crystalline flake graphite 
tion. The buyer was Minerals No- Guerillas attacked the Kolongaha | used in dolomite-carbon refractories, 
Metalicos Mexicanos SA, a member of | graphite mine towards the end of the | and the use of graphite fiber in particu- 

the Jose Valdes group. The capacity | year. They set fires that destroyed some | lar. Test samples were evaluated for mod- 
doubling now underway should be fin- | vehicles and machinery, doing about | ulus of rupture, deformation under load, 
ished this year. The firm is planning to | $500,000 in damage. and air-slag-metal resistance. Graphite 
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TABLE 12 | metallic luster, and is greasy to the feel. 

GRAPHITE: WORLD PRODUCTION, BY COUNTRY’ It is anisotropic in its physical proper- 
ties and has a weak plane of cleavage 

| (Metric tons) parallel to the lamellae. 
The term “amorphous” when ap- 

Country? 1985 1986 1987 1988? 1989° | plied to graphite is a misnomer. The 

Argentina 32 40 216 24 50 | term “microcrystalline” is more de- 

Austria 30,764 36,167 39,391 7,577 7,000 | scriptive. The definition of amor- 
Brazil (marketable)? «27,239 28,586 31,404 32,000 +~—=-30,000 | Phous, as applied to graphite, has been 
Burma’ st—<‘i‘i™SSC~CS 234 oy) _ _ _ further complicated by longstanding 

Chinaeé ~~~. 185,000 185,000 185,000 200,000 —-200,000 indus app ication of ne rT 2 
Czechosiovakia® "38,000 £25,288 £25,000 "25,000 25,000 | FE ie Tr nd only for 
Germany, Federal Republic of 12,798 13,233 9,891 7,000 7,000 | low-value uses such as foundry facings. 
India(mine)® 27,337 38,412 42,589 52,134 55,000 | Fine-grained varieties of lump graphite 
Korea, North 25,000 25,000 25,000 25,000 25,000 | that are easily reduced to fine particle 
Korea, Republic of: size by grinding are called amorphous 
Amorphous 69,877 96,577 106,507 107,767 98,000 | lump, to distinguish them from the 

Crystalline flake 1,602 641 838 678 1,000 | tough, platy and acicular varieties, 

Madagascar 13,971 16,187 13,169 14,106 14,000 | known as crystalline lump, that can be 
Mexico. | | reduced in particle size only with ex- 

Amorphous —sti(‘éCOC~*‘éS «AGB 36,018 36,674 42,096 45,000 | treme difficulty. a 
“Crystalline flake —~—~—~CS«*N:C 9 1,838 1.787 1,735 2,000 | . Crystalline flake graphite is well de- 
Norway 3 684 _ _ _ ___| fined in paragraph 214 of the Tariff Act 

a _ of 1930 as follows: 
Romania" «12,000 12,000 12,000 12,000 10,000 “The term crystalline flake means 
Srilanka 7,413 7,453 9,400 8,547 °4,163 | graphite, or plumbago, which occurs 
Turkey (mine) “5,000 3,586 11,760 12,833 13,000 | disseminated as a relatively thin flake 
US.S.RE 82,000 83,000 84,000 84,000 84,000 | throughout its containing rock, decom- 

| United States — — — W W | posed or not, and which may be or has | 
Zimbabwe 10,450 15,004 13,530 11,441 11,000 | been separated therefrom by ordinary 

Total 583,779 "624,718 648,156 643,938 631,213 | crushing, pulverizing, screening, or me- 
©Bstimated. Preliminary, ‘Revised. W Withheld to avoid disclosing company proprietary data. | Chamical concentration process, such 

, Table includes data available through May 8, 1990. . flake being made up of a number of 

oe ee ee ee ee ee eer ya; | Parallel laminae, which may be separated 
1987—10,505; 1988—20,000 (estimated); and 1989—20,000 (estimated). by mechanical means.” . “Data are for fiscal year beginning Apr. 1 of that stated. Under the foregoing definition, finely 

Sindion marketable production is 10%-20% of mine production. divided p articles of crystalline flake 

graphite would be classified as crystalline 
graphite. However, the Court of Cus- | 

| toms Appeals has reportedly held that 
fiber at the 1.5% level was added to | flake graphite totaled 23,000 tons for | commercial designations and not scien- 
sample dolomite-carbon brick. The re- | 1995 and 25,000 tons for 2000. Demand | tific terms must govern classification 
sulting physical properties were generally | for other graphite, mostly amorphous, | and when a commercial meaning differs 
comparable to those obtained with natu- | totaled 12,000 tons for 1995 and 10,000 | from the technical meaning the commer- | 
ral flake graphite, but were below those | tons for 2000. This relatively slow rate | cial designation must govern. Thus, 
obtained with 10% flake graphite addi- | reflects the maturity of the market, | quantities of fine crystalline flake graph- 
tions. Therefore, graphite fiber was | mostly in refractories, and particularly in | ite are imported under the other Natural 
shown to be an unsatisfactory substitute | carbon-magnesite brick. The supply sit- | Crude and Refined classification. | 
for flake graphite.! uation, previously described, is unusu- Sri Lankan lump graphite is classi- 

The U.S. Air Force sponsored a ma- | ally cloudy and appears likely to stay that | fied as amorphous or crystalline. Each 
jor conference on the occupational | way for at least several years. type is divided into a number of grades, 
health aspects of advanced composite depending upon the size (such as lump, 

materials use in the aerospace industry | ___ —i—‘PCCSCSCCCCCS§Ns aannging from the size of walnuts to that 
in Dayton, OH in February. BACKGROUND of peas; chip, from that of peas to 

TNT |_ @DOUL that Of wheat grains; and dust, 

a finer than 60 mesh), graphitic carbon 
OUTLOOK Graphite, a soft crystalline form of | content, and degree of consolidation. 

TT AANNAAvATATT™"'=._|_ Carbon, has been called plumbago and Amorphous graphite is graded pri- 
black lead. It crystallizes in a lamellar | marily on graphitic carbon content. 

Projected demand for crystalline | hexagonal system, has a gray to black | Commercial ore contains about 75% to 
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93% carbon, depending on the source. | that are exploited are alluvial, lateritic | methods. 
Crystalline flake graphite from Mada- | clays that have accumulated at the sur- _Flake graphite from disseminated de- 

gascar is divided into two main grades, | face. Graphite, quartz, and other resis- | posits must be concentrated to meet 
“flake” (coarse flake) and “fines” (fine | tant minerals have been freed by kaolin- | market requirements. Virtually every 
flake). Madagascan crucible flake must | ization of the feldspars, lessening the | known concentrating device and com- 
have a minimum of 85% graphitic car- | amount of crushing necessary before | bination of separating principles have 
bon and be essentially all minus 8 plus 60 | beneficiation. been tried. The mineral has gained a 
mesh in particle size. Other crystalline World graphite reserves totaled 21.0 | reputation of being difficult to concen- 
flake graphites are also graded according | million tonnes. Detailed breakouts are | trate, and probably in no other indus- 
to graphitic carbon content and particle | given in the 1988 Mineral Yearbook | try has such a large proportion of the 
size. chapter. mills failed to make commercial recov- 

Natural graphite is marketed in the eries. Graphite actually is one of the 
form of crystalline graphite as flake, easiest minerals to segregate into a 
lump, chip, and dust and in the form of TECHNOLOGY rough concentrate, but one of the most 

amorphous graphite in sizes from fine | ———"___"___"_""——SCCtCSsCS Ss df ffficult to refine. | 
powder to lumps up to the size of a Graphite floats readily and does not 
walnuts. It is common practice to blend | Mining require a collector; hence, froth flota- 
different graphites to obtain a product In Sri Lanka, lump graphite is mined | tion has become the accepted method 
having certain desired physical and | underground from narrow, steeply dip- | for beneficiating disseminated ores. 
chemical properties. In many instances, | ping veins. The ore is mined principally | The chief problem lies with depressing 
the composition of these blends is re- | by overhand stoping and filling, using | the gangue minerals. Relatively pure 
tained as a trade secret. temporary stulls when necessary to sup- | grains of quartz, mica, and other 

port the walls. Hand drilling is used in | gangue minerals inadvertently become 

CS Smoot stoping to achieve selective min- | smeared with the soft, fine graphite, 

GEOLOGY—RESOURCES ing and to avoid unwanted fines and | making them floatable and resulting in 

—_____111_—_————— | product contamination. Air drills are | the necessity for repeated cleaning of 
used in development headings. The ore | the concentrates to attain high-grade 

The three principal types of natural | is hauled by truck to the sorting and | products. 
graphite—lump, amorphous, and crys- | classification yard. 
talline flake—are based on physical Amorphous graphite beds also are | __—SSSSSSSSSSSSSSSSSSSSSSSSSSSSFF 
characteristics that are the result of | usually mined underground, however, | KCONOMIC FACTORS 
major differences in geologic origin | the beds are much thicker than those of | —-7-———M__ 
and occurrence. A variety of silicate | amorphous lump and crystalline lump. . 
minerals are generally associated with | The ore is drilled, blasted, handloaded The price structure of graphite is 
‘graphite in the ore. into cars, and hauled to the surface by | quite complex because of the wide va- 

Lump graphite occurs as fissure- | conventional methods. riety of products and the lack of stan- 
filled veins. It is typically massive, rang- Flake graphite deposits have been | dard market quotations. Prices quoted 
ing in particle size from extremely fine | mined by underground and surface | in trade journals are only a range ne- 
grains (amorphous) to coarse, platy in- | methods. Underground deposits are | gotiated between buyer and _ seller. 
tergrowths of fibrous to acicular aggre- | usually unweathered and require drill- | These quotations are available in In- 
gates (crystalline). The origin of vein- | ing and blasting. Most surface mining | dustrial Minerals, Chemical Marketing 

type graphite deposits is believed to be | is confined to the weathered part of the | Reporter, and the Bureau of Mines 

hydrothermal and/or pneumatolytic. deposit, and normal excavating equip- | Minerals Yearbook. However, average 
Amorphous graphite is formed by | ment such as power shovels, bulldoz- | declared import values per ton for 

metamorphism of coalbeds by nearby | ers, and rippers is used with a mini- | amorphous and crystalline graphite 
intrusives. Its purity depends on the | mum of drilling and blasting. The ore | have been available for years from Bu- 
purity of the original coalbeds. Amor- | is usually trucked to the mill. reau of the Census data. 
phous graphite usually is associated The cost for domestically produced 
with sandstones, shales, slates, and | Milling graphite from new mines would be 
limestones. | Sri Lankan amorphous and crystal- | much higher than that for graphite 

Flake graphite commonly occurs dis- | line lump graphites are refined by hand | from the major foreign sources, for the 
seminated in regionally metamor- | cobbing and sorting, and wiping lumps | same type and purity, chiefly because 
phosed sedimentary rocks, such as | on wet burlap to remove fines. Light | of high labor costs and the low graphite 

gneisses, schists, and marbles. It is | hand sorting and cleaning operations | content of the ore. 
believed that the graphite was formed | are done by women, while the heavier 
under the same conditions that caused | duties are performed by men. Employment and Productivity 
the metamorphism of the rocks—from Most amorphous graphite that re- Production of marketable natural 

carbon deposited with the sediments. quires beneficiation is not worth min- | graphite requires little hand labor,. ex- 
Although the flake graphite deposits | ing. Preparation for most uses requires | cept for the graphite mined in Sri 

of certain countries conform to this | grinding only, and coarse impurities are | Lanka. Even in areas of low-cost labor, 
description, the commercial deposits | removed by screening or air separation | mechanical methods are used to mine 
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and concentrate flake graphite. TABLE 13 
Because of the small size of the U.S. IMPORT DUTIES 

domestic natural graphite industry, no 

publishable employment data are avail- inst favored nation (MEN) NomMEN 
able. Since there is only one small mine Tariff item No. Jan. 1, 1990 Jan. 1, 1990 

and the product is beneficiated and Crystalline flake, (not ~~ ~~SCSsCSSSOSS 

processed to a minimal extent, employ- including flake dust): 2504.10.10 0.7 cents per kilogram 3.6 cents per kilogram. | 
ment probably does not exceed 50. | “Other powder. +~—-«2504.10.50.«éEree’=~*~*é“‘“‘*”;*C«dNOM A Val. 
Much of the imported graphite requires | Gines SO*=C«*=<“CS*C“<CS~S~SSOCVN»éreS”S~=“‘S™*”:””””!OCOUW@*S dO 
grinding, perhaps further refining, | ——@ — OO —W- 
mixing with other grades to meet con- 
sumer specifications, bagging, and 
shipping..The total number of persons 

engaged in these operations, including OPERATING FACTORS OTHER SOURCES OF INFORMATION 
marketing, probably does not exceed | ——— Ss 
500. Bureau of Mines Publications: 

Natural graphite is an inert nontoxic Graphite. Ch. in Mineral Commodity 
Taxes and Tariffs substance and environmental require- Summaries, annual. | 

Graphite producers are granted a | ments are limited to dust control and | Graphite. Ch. in Minerals Yearbook, 
22% depletion allowance for tax pur- | certain organic vapors arising from in- annual. 
poses on domestic lump and amor- | gredients blended with it to manufac- Graphite. Reported annually in Mineral 

phous and 14% on domestic flake and | ture products. Industry Surveys. 
on foreign operations. Other Sources: 

Duties on graphite items imp orted ‘Bennett, J. P. Effect of Natural Flake Graphite and Industrial Minerals (London) ° 

from most favored nations (MFN) are | Carbon Fiber Additions on High-Temperature Proper- Wall Street Journal. 

minimal. Graphite from the U.S.S.R. | ties of Dolomite-Carbon Refractories. BuMines RI Materials Engineering. 

and certain other nations is subject toa | 9275. 1989, 16 pp. Chemical Week. 
higher duty. European Chemical News. | 
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By Lawrence L. Davis 

Mr. Davis, a physical scientist with 34 years of industry and Bureau of Mines experience, has been the commodity specialist 
for gypsum since 1985. Domestic survey data were prepared by Pamela Shorter, mineral data assistant; and international data 
tables were prepared by Peter J. Roetzel, international data assistant. , 

Ithough demand for gypsum TABLE 1 

A products remained strong in SALIENT GYPSUM STATISTICS 
1989, new public and private 
housing unit starts, a major in- (Thousand short tons and thousand dollars) 

dicator of gypsum product demand, | 
decreased 8% to 1.4 million units. The 1985 1986 1987 1988 1989 

gypsum industry set new record-high United States 

levels for crude gypsum mined, calcined Active mines and plants! 116 113 109 112 112 
gypsum produced, and shipments of pre-_ | Foo 
fabricated wallboard products. Crude; 

Sales of gypsum products increased _ Mined 14,414 15,403 15,612 16,390 17,624 

7% to 27 million short tons, and value Value $111,785 $99,570 $106,977 $109,205 $128,448. 

decreased 8% to $1.9 billion. Increased Imports for consumption 9,922 9,559 9,717 9,679 9,304 
competition caused lower prices for BYP- Byproduct gypsum sales 779 653 688 733 725 
sum products. Imports for consumption | —-T--YT-—_—"—-—_-_‘"- 
of crude gypsum decreased 4% to about | —C@lcimeds 
9.3 million tons. Total value of gypsum Produced 15,982 17,061 17,592 17,274 17,893 

product exports increased 41% to $60 Value $366,581 $310,353 $321,645 $313,251 $285,659 

million. : Products sold (value) $2,418,296 $2,514,432 $2,278,822 $2,090,786 21,926,676 
Exports (value) $26,419 $28,805 $32,061 $42,789 $60,311 

| Tee Imports for consumption (value) $155,422 $181,168 $163,581 $158,169 $111,012 

DOMESTIC DATA World: Production 95,908 198,175 101,913 105,776 ©108,624 

COVERAGE “Estimated. Preliminary. ‘Revised. 
| lBach mine, calcining plant, or combination mine and plant is counted as one establishment; includes plants that sold byproduct gypsum. 

. . Does not include value of plasters sold. 

Domestic production data for gypsum 
are developed by the Bureau of Mines 
from a survey of U.S. gypsum operations. 
Of the 120 operations to which the | California, Nevada, and Indiana. These | Gypsum’s Sun City Mine, Barber 
annual survey request was sent, 87 re- | Seven States produced more than 1 mil- County, KS; Harrison's Cement Mine, 

sponded, representing 73% of the total | lion tons each and together accounted for Caddo County, OK; Pacific Coast Build- 
crude gypsum production shown in tables 76% of total domestic production. ing Products Inc.’s (PABCO) Las Vegas 
1 and 2. Nonrespondents were estimated Leading companies were USG Corp., | Mine, Clark County, NV; and H. M. 
from monthly and quarterly canvasses or | 11 mines; National Gypsum Co., 7 | Holloway Inc.’s Lost Hills Mine, Kern 
from previous years data. mines; Georgia-Pacific Corp., 7 mines; | County, CA. These 10 mines accounted 

: Celotex Corp., 3 mines; and Harrison | for 41% of the national total. Average 
—siissssststsSs«GGypsum Ince., 2 mines. These 5 compa- | output for the 65 mines increased 6% to 

nies, operating 30 mines, produced 68% | 271,000 tons. 
PRODUCTION of the total crude gypsum. Gypsum was calcined by 13 companies 

Leading individual mines, in descend- | at 71 plants in 28 States, principally for 
The United States remained the | ing order of production, were USG’s | the manufacture of gypsum wallboard 

world’s leading producer of gypsum, ac- | Plaster City Mine, Imperial County, CA; | and plaster. Calcined output increased 
counting for 16% of the total world out- | National Gypsum’s Tawas Mine, Iosco | 4% in tonnage and decreased 9% in 
put. Crude gypsum was mined by 36 | County, MI; USG’s Sweetwater Mine, | value. Leading States, in descending 
companies at 65 mines in 21 States. | Nolan County, TX; USG’s Shoals Mine, | order, were California, Texas, Iowa, 
Production increased 8%. Leading | Martin County, IN; USG’s Alabaster | Florida, Nevada, and New York. These 
producing States, in descending order, | Mine, Iosco County, MI; USG’s Sperry | 6 States, with 29 plants, accounted for 
were Oklahoma, Iowa, Michigan, Texas, | Mine, Des Moines County, IA; National | 48% of the national output. 
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Leading companies were USG, 20 | capacity of 150 million square feet. | ~~ 
plants; National Gypsum, 18 plants; | National Gypsum was adding a new line CONSUMPTION AND USES 
Georgia-Pacific, 10 plants; Domtar, 8 | to their Rensselaer, NY, plant and were } 
plants; and Celotex, 4 plants. These | modernizing their Portsmouth, NH, Apparent consumption, defined as 
5 companies, operating 60 plants, | plant. South Florida Gypsum Co. con- | production plus net imports plus indus- 
accounted for 83% of the national | tinued construction of a wallboard plant | try stock changes, of crude gypsum, in- 
output. in Miami, FL. The plant, scheduled to | cluding byproduct gypsum, increased 

Leading individual plants were, in | begin operating in 1990, will use crude | slightly to 26.8 million tons. Net imports 
descending order of production, USG’s | gypsum imported from Spain. USG com- | provided 34% of the crude gypsum con- 
Plaster City plant, Imperial County, CA; | pleted a $30 million expansion of its wall- | sumed. Apparent consumption of cal- 
USG’s Jacksonville plant, Duval County, | board plant at Sperry, IA. The expansion | cined gypsum increased 6% to 17.8 
FL; USG’s Sweetwater plant, Nolan | doubled the capacity of the plant. million tons. 
County, TX; Briar Gypsum Co.’s Briar Weyerhaeuser Co. sold its gypsum Yearend stocks of crude gypsum at 
plant, Howard County, AR; National | mine, calcining plant, and wallboard | mines and calcining plants were 3.8 mil- 
Gypsum’s Tampa plant, Hillsborough | plant at Nashville, AR, to Boral Ltd., an | lion-tons. Of this, 53% was at calcining 
County, FL; USG’s Baltimore plant, Bal- | Australian building and construction | plants in coastal States. 
timore County, MD; USG’s Shoals plant, | materials company. The gypsum complex Of the total gypsum products sold or 
Martin County, IN; USG’s Sperry plant, | now operates as Briar Gypsum Co. used, 5.5 million tons, about 20%, were 
Des Moines County, IA; USG’s Stony Atlantic Gypsum Co. Inc.’s new plant | uncalcined. Uncalcined gypsum, crushed 
Point plant, Rockland County, NY; and | in Port Newark, NJ, opened in late 1988, | and screened to specifications, is mar- 
PABCO’s Las Vegas Plant, Clark | but was closed for most of 1989. keted for use in portland cement man- 
County, NV. These 10 plants accounted Western Plains Materials operated | ufacture, agriculture, and fillers. The 
for 28% of the national production. | three quarries in Oklahoma, mostly for | cement industry uses gypsum to retard 
Average calcine production for the 71 | the production of road aggregate. Rock | the setting time of concrete. Finely 
US. plants was 252,000 tons, a 7% | for road construction was also produced | ground gypsum rock is used in agricul- 
increase. | by Winn Rock Inc. at its Winnfield Mine | ture to neutralize alkaline and saline soils, 

A total of 725,000 tons of byproduct | in Winn Parish, LA, the only anhydrite | improve the permeability of argillaceous 
gypsum, valued at $2.9 million, was used, | mine in the United States. Quad-Honstein | materials, and provide sulfur and 
principally in agriculture, but some for | Joint Venture’s Woodham Mine in | catalytic support for maximum fertilizer 
gypsum wallboard manufacturing. Ap- | Larimer County, CO, and Cox Enter- | utilization and leguminous productivity. 
proximately 76% was of nonphospho- | prises Inc.’s Levan Mine in Sanpete | Small amounts of very pure gypsum are 
gypsum origin compared with 67% in | County, UT, both idle in 1988, were ac- | used as fillers and in glassmaking, paper- 
19 x 8. ‘i heG Accociat tive during 1989. making, and pharmaceutical applications. 

. ccording to the Gypsum Association, | 
yearend gypsum wallboard plant capaci- | | 
ty for producing 1/2-inch regular wall- 
board decreased slightly to 24.04 billion TABLE 2 
square feet per year. Total wallboard 

shipments were 21.9 billion square feet, CRUDE GYPSUM MINED IN THE UNITED STATES, BY STATE 

91% of capacity. 
Improvements to existing plants and 1988 1989 

construction of new plants continued dur- te 
ing the year. Centex-American’s new State Active tower Value Active thom Value 
plant in Bernalillo, NM, is expected to be MINES short tons) (Housands) mines ort tons) (thousands) 
my operational mn i PL, + ite | Arizona, New Mexico 6 57482956 «6 561 $3,132 
$30 ooh nattheas 4 plant at Newing Arkansas, Kansas, Louisiana 5 1,654 9,95] 5 1,836 13,097 

ton, NH. The plant was expected to be | C@liforma 1,490 11,222 6 1,734 13,066 
operational in 1990, using crude gypsum | Colorado, Montana, South 
imported from Domtar’s Flat Bay quarry | Dakota, Washington, 
in Newfoundland. Annual capacity ofthe | Wyoming 676 9,085 10 673 5,202 
plant was to be 540 million square feet. | Indiana, New York, Ohio, 

Eagle Gypsum Products was building Virginia 5 2,239 14,067 5 2,149 16,226 

a new wallboard plant in Eagle County, | Iowa 6 2,047 13,710 6 2,273 16,884 

CO. The plant was expected to be com- | Michigan 5 1,958 11,630 5 2,089 «15,589 
Pretec in mee Another reer ee | Nevada, Utah 7 1637 «11,400 8s 792—13,839 

eo omen Corp, was coming line a avo Oklahoma § 2173 13393 8 2523 14,369 

sum fiberboard plant in East Providence, | Tex8_ 41579089904 
RI. The plant was scheduled to begin Total! 64 16,390 109,205 65 17,624 128,448 

production in mid-1990 with an annual 'Data may not add to totals shown because of independent rounding. 
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TABLE 3 In 1989, 62% of the uncalcined gypsum 

CALCINED GYPSUM PRODUCED IN THE UNITED STATES BY STATE | Products were used in portland cement, 
and the remainder was used mainly for 

| agricultural purposes. 
| 1988 iB CSCO the total calcined gypsum products, 
State Active Quantity Vane Active Quartiy — Vaiue most went into prefabricated products. A 

plants (thousand (thousands) _ plants (thousand (thousands) small percentage was used in industrial 
short tons) short tons) and building plasters. Of the prefabricated 

Arizona, Colorado, New Mexico, products, based on surface square feet, 
Utah 5 673 $10,001 5 651 $7,831 62% was regular wallboard; 28% was 

Arkansas, Louisiana, fire-resistant type xX wallboard; 3% WwaS 

Oklahoma 7 1,729 29,371 7 1,982 25,741 | 5/16-inch mobile home board; and 3% 
California 6 1,950 39,767 6 1,958 32,401 | Was water. and/or moisture-resistant 
Delaware, Maryland, SSS | board. Lath, veneer base, sheathing, 

North Carolina, Virginia 6 1,681 30,538 6 1708 28,155 _ | Predecorated, and other types made up 
Sa an | the balance. Of the regular wallboard, 

Florida 1,309) 27,001 3 1,303 21,066 =| 830% was 1/2 inch and 10% was 5/8 inch. 
Georgia 3 782 14,070 3 724 12,022 In descending order, the leading sales 
Illinois, Indiana, Kansas 6 1,524 25,143 6 1,513 24,721 regions for prefabricated promnets were 

the South Atlantic, Pacific, East North- I 5 1,271 20,979 5 1,490 24,575 aw) >: 
annie New Hamachi Central, and Middle Atlantic. Together 
New Jersey Peres 4 995 16.451 4 939 14.410 they accounted for 69% of the total. 

Michigan 4 675 ‘(11,332 4 650 10,677 , | 
Washington, Wyoming 4 729 17,592 4 761 18,016 PRICES | 

Nevada 4 1,228 20,590 4 1,186 19,075 _— S$ ss 

New York 4 1,101 19,289 4 1,093 15,646 

Ohio 3 485 11.194 3 458 7.405 On an average value-per-ton basis, 
a | f.o.b. mine or plant, crude gypsum in- 

wens 7 1312 19,932 TBA 93,918 creased 9% to $7.29, calcined gypsum 

— Total 1274 313,251 17,893 285,699 | decreased 12% to $15.96, and byproduct 
‘Data may not add to totals shown because of independent rounding. gypsum decreased to $4.03, 20% lower 

than in 1988. Prefabricated products 
were valued at $85.96 per ton, plasters 
at $128.29 per ton, and uncalcined 
products at $13.44 per ton. 

FIGURE 1 According to the Department of Com- 
SUPPLY OF CRUDE GYPSUM IN THE UNITED STATES merce, the average producer price of 

regular 1/2-inch wallboard was 4% lower 
30 30 | in 1989 than in 1988, and type X board 

was 3% lower.) _ 

26 — 426 _ 
/. ©.| | FOREIGN TRADE 

3 20 ~ foo 4 20 | 
- a Imports for consumption of crude gyp- 

: a EG, | sum decreased 4% to 9.3 million tons and 
VE ON SS £By BZ 18 | represented 34% of apparent consump- 

imported: LZ EF <= tion. Crude gypsum from Canada and 

10 SEA en Ey o 
10 Mexico was used mainly to feed wall- 

Ze board plants in coastal cities. Imports 
LZ from Spain, the other major source of 1m- 

5 LZ A 5 ported gypsum, were used mostly for 
portland cement manufacture. Gypsum 

ZZ wallboard imports, principally from 
0 LEAL EEA LALLA Canada, decreased 44% to 355 million 
1965 " 1970 1975 1980 1985 1989 | square feet. The sharp decrease is be- 

lieved to be caused by fewer housing 
starts in the United States and strength- 
ening of the Canadian dollar against the 
US. dollar. 
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TABLE 4 ig 

GYPSUM PRODUCTS (MADE FROM DOMESTIC, IMPORTED, WORLD REVIEW REVIEW 
AND BYPRODUCT GYPSUM) SOLD OR USED 

IN THE UNITED STATES, BY USE | Estimated world production of crude 

| (Thousand short tons and thousand dollars) gypsum increased slightly to 109 million 
tons. Total world production figures are 

oO a es | DrObably low because, in some countries, 
1988 1989 eT . Use ————__-____ _____*""_______ | significant production was consumed cap- 

ao Quantity Value Quantity Value | tively and not reported. Also, production 
Uncalcined: | from small deposits in developing coun- 

Portland cement 3,987 47,622 3,422 41,834 | tries was intermittent and often un- 

Agriculture and miscellaneous! 1,388 27,851 2,094 32,310 | reported. The United States remained the 
Total2 5,375 75,473 5,516 74,145 | world’s largest producer of crude gypsum 

Calcined: YS 0G = we is % of the world total. | 

Plasters 792 «98,411 W w | Oustrala 
Prefabricated products? 19,155 1,916,901 21,552 1,852,531 mn F rene fanned i catarge-1-oppee 

Total calcined? 4 19,948 2,015,313 21,552 1,852,531 | p: 7c a planned joint venture wit 
 Grandtota?=S*=<CS~s=“CsSstCS”sS 58 700078 ~D7068 1006676 loneer Concrete to manufacture SYp-. 
__Grand total” 25,323 2,090,786 27,068 1,926,676 | sum wallboard products at plants in Syd- | 
W Withheld to avoid disclosing company proprietary data. ney and Melbourne 2 

Includes byproduct gypsum. ° , 

Data may not add to totals shown because of independent rounding. 
jincludes weight of paper, metal, or other materials and some byproduct gypsum. Canada 

ata not melude plasters in 1989 Louisiana-Pacific Panel Products Ltd., 
| a subsidiary of U.S.-based Louisiana-. 

TABLE 5 Pacific Corp., broke ground in early May . 
PREFABRICATED GYPSUM PRODUCTS SOLD OR USED for a new fiber gypsum board plant in 

IN THE UNITED STATES Sydney, Nova Scotia. The $64.5 million 
facility will have an annual capacity of 

1988 1989 ae million Sauare feet. The company | — 

Product Thousand Thousand Value Thousand Thousand Value P ste to Us ‘it t ct progucts in the north- 

square short (thou- square short (thou- eastern Unite ates. 

feet tons! sands) feet tons! sands) Eastern Gypsum Inc. announced plans 
lah... — — for construction of a $40 million gypsum 

3/8inch—ti(<‘éOO;!;!;!*#«C‘N‘ «AT 14 $3,145 15,319 11 $2,747 | Wallboard facility in McAdam, New 
pink 376 ) 65 460 5 61 | Brunswick. The plant is scheduled to start 

_Memen Oo 0 production in the summer of 1990.4 
Other 2322 8B 3B 8832 | The Gypsum Association in the United 
_— Tota 21,145 16 3,993 19,259 15 3,339 | States, of which all Canadian wallboard 
Veneer base 472,127 473 47,931 476,330 478 40,810 producers were members, reported that 

Sheathing 311,264 299 43,008 310,880 301 36,543 | yearend wallboard capacity in Canada 
Regular gypsumboard: was 3.72 billion square feet, about the 

3/8 inch 438,430 330 41,850 891,365 819 100,335 |. Same as In the previous year. 

1/2 inch 11,503,724 10,184 935,825 11,187,062 9,830 802,976 France 

28 inc 1,605,138 = 1,495 163,910 1,303,673 2,244 101,706 Escogypse SA, a small wallboard 

Pinch 30,897 37 6,495 76,604 94 -16,712 | producer with a single-line plant at Valen- 
Other“ | 309,780 202 32,490 80,820 62 ~—— 8,834 | ciennes, was in the process of being pur- 

Total? 13,887,669 12,247 1,180,570 13,539,524 13,050 1,030,564 | chased by Redland Plasterboard Ltd. 

Type X gypsumboard 4,583,338 4,922 445.572 6,027,090 6,398 537,116 | Redland is a joint venture of Redland 

Predecorated wallboard 132,008 125 43,582 129,341 122 41,427 | PLC of the United Kingdom and CSR 
5/16-inch mobile home board 604,988 474 55,208 725,283 549 67,049 | Ltd. of Australia. 

Water/moisture-resistant Ital 

board 549,814 504 76,325 587,830 557 77,385 y ‘ted 

Other 96,486 95 21,112 83,561 83 18,297 Kinch Sa enning a build Italy's 
3 SA CER ODD OEE Pe Pee ay ingdom was 

, Grand total 20,098,882 19,155 1,916,901 21,899,098 21,552 1,852,531 first wallboard plant. The country was 

2 hetud’s weight of paper, metal, or other material one of the few in Western Europe that 
Data may not add to totals shown because of independent rounding. ‘relied totally on imported board. 

Includes 1/4-, 7/16-, and 3/4-inch gypsumboard. _- | 
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FIGURE 2 of portland cement. Therefore, gypsum 
SALES OF GYPSUM PRODUCTS, BY USE demand correlates well with construction 

| activity. Using the macroeconomic indi- 
30 30 | cator, New Construction Activities, an- 

nual gypsum use in prefabricated 

| wallboard products is expected to remain 
| y | about 21 million tons through 1995. 25 425 | °": en 

Plastere: K Using the same macroeconomic indica- 
XC tor, annual gypsum use in the manufac- 

Agriculture | , f © ¥ ture of portland cement is expected to 
3 20 & f Cy 20 | reach 4.8 million tons by 1995, an aver- 
; Cement hy \ C\ y rs age annual increase of about 3%. 

\ ASSES Despite a decline in new housing starts 
q = _\ Lon YY 15 | in each of the past 3 years, the gypsum 
g Vo | CF NS industry has been at record or near-ecord 

yoo ESSE ss evels of production. e industry has 

| 6g 10 Moy FY = | 10 | been able to maintain these high levels 
SSE by increasing markets in commercial con- 
Se ee eee struction, remodeling, and exports. 

5} Pretepricntee AS | However, increased competition, caused 
2 |_| by increased capacity and the slowdown 

SEE in new housing starts, has driven prices 
0 cen ence ccceccccccecnnccccn eee eel ECD gticaponietete glo iligrnennengta, 0g eagielecegelaple elope celeplecelelop itncegpeneneie og SUnengege 0 down and lowered profitability. A 

1966 1970 1975 1960 1986 1989 | problem for the immediate future is that 
sDate withheld in 1989 several new wallboard plants are sup- 

7 posed to begin operations in 1990. The 
added capacity will lead to more compe- 
tition, even lower prices, and lower 
profits. In the short term, some compa- 

TABLE 6 nies will have difficulties remaining 

IMPORTS FOR CONSUMPTION OF CRUDE GYPSUM, BY COUNTRY | Prolitable, even though gypsum demand 
| should continue at high levels. 

(Thousand short tons and thousand dollars) 

Country ___1988_ i989 | BACKGROUND 
Quantity Value Quantity Value | ——— 

Australia 23 178 23 201 
Canada sssts=é“‘SON#NU#é‘™“CW...UO+#~*é«G«229~«<9#4«286—Sté=“‘«iDBS~Ss«41 964. | Deetfiniitions, Grades, and Specifications 

Ching 8 1,235 13 95 Gypsum has a composition of 79% cal- 
Dominican Republic 14 113 () 3 | cium sulfate and 21% water, CaSO, 
Germany, Federal Republic of 12 48 ?) 23 | -2H,O, and is used as a commercial and 
Mexico | 2,177 11,170 2,353 11,606 | generic term for all calcium sulfate 
Morocco 5] 711 12 60 | materials. The well-formed transparent 
Spain. Sststé=<“‘i‘sSS~SstSSTTTC 986 6,221 618 5,142 | Crystalline variety is called selenite. The 
Oth: 4 733 2) 14 | Massive variety Is called alabaster and can 
Tose doa 007 be easily carved. The fibrous, silky vari- 
—— | ety is called satin spar. Gypsite is a mix- 

2 peers aniyene. ture of clay and gypsum crystals. 
3Data do not add to totals shown because of independent rounding. Anhydrite is calcium sulfate, CaSO,, 

Source: Bureau of the Census. with no water of crystallization. It is a 
naturally occurring mineral often associ- 

Spat ated with gypsum. When gypsum is cal- 

pain cined at high temperatures, it is converted 

A German company, G. Siempelkamp OUTLOOK to anhydrite. 
GmbH & Co., has been contracted to Commercially calcined gypsum, 
build a gypsum fiberboard plant at Car- | More than 90% of the gypsum con- | CaSO,-’2H,0, is a manufactured hemi- 
boneras, Almeria, for Internacional de | sumed annually in the United States is | hydrate product produced by partial cal- 
Paneles SA. The plant is expected to open | used in construction, mainly to produce | cination of gypsum. It is produced by 
in early 1991 with an annual capacity of | prefabricated wallboard products, with | heating gypsum at temperatures to 
about 160 million square feet. lesser amounts used in the manufacture | 350° F. Commonly called plaster of paris, 
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| TABLE 7 which exports to the United States, Scan- 
SUMMATION OF U.S. GYPSUM dinavia, and other countries. In the 

AND GYPSUM PRODUCTS TRADE DATA United States and other industrialized na- 
tions, the major use of gypsum is in the 

(Thousand short tons and thousand dollars) manufacture of gypsum wallboard 

| _ | products. Most crude gypsum is mined in 
Year Crude! - Plasters2 Boards? Othert Total’ | rural areas and shipped to urban areas for 

Quantity Value Quantity Value Quantity Value Value Value | manufacture into wallboard and ultimate 
Exports: | consumption. In developing countries, 

1985 4 447 «78 12,574 NA 9332 4,066 26,419 | Most gypsum is consumed by local ce- 
—  —_— | ment plants. 

1986 15 1,056 141 14,425 NA 9,299 4,025 28,805 

1987 4 696 123 14,933 NA 11,444 4,988 32,061 | Geology-Resources 

1988 5 668 266 18,694 NA 16,531 6,896 42,789 Gypsum deposits may be found in any | 

1989 108 2,286 106 15,914 97 25,140 16,972 _ 60,311 | geologic era, but they are most common 
Imports for in the Permian. They are frequently 
consumption: | found in association with the source rocks 

1985 9922 64,089 2 242 694 80,119 10,972 155,422 cnkvdrite deposite oven ns bee oie 
1986 9,559 64,996 3 436 811 99.089 16,646 181,168 ular, stratified bodies that were formed 

1987 9717 59,171 2 384715 _——82,220_—-21,806 163,581 | by evaporation of seawater in basins that 
1988 9,679 59,166 2 670 637 70,866 27,467 158,169 | have one or more restricted openings to 

1989 9,304 59,107 3 270 355 29,355 22,280 111,012 | the sea. The basins range in diameter 
Revised. NANotavailabe. | from a few miles to many hundreds of 
Import and export data for 1989 are for “Gypsum; anhydrite,” Harmonized Tariff Schedule 2520.10. Data for 1985-88 are for “Plaster miles. | : 

, rock or gypsum: Not ground and not wholly or partly calcined,” TSUS 512.21. The two categories might not be comparable. Classic evaporite formation involves 

Import and export data for 1989 are for “Plasters,” Harmonized Tariff Schedule 2520.20. Data for 1985-88 are for “Plaster rock or gyp- ous . ° 

sum: Ground, wholly or partly calcined, or both,” TSUS512.24. The two categories might not be comparable. the deposition of anhydrite, with later 

3Import and export data for 1989 are for “Boards, sheets, panels, tiles and similar articles, not ornamented: Faced or reinforced with paper hydration of the anhydrite by meteoric 

i Cae only, teumice might not be comoa a 1. Data for 1985-88 are for “Gypsum or plaster building boards and lath” TSUS waters to gypsum at depths ranging from 

Import and export data for 1989 are for “Boards, sheets panels, tiles and similar articles, not ornamented: other,” Harmonized Tariff Schedule 0 to 1 000 feet. The depth of hydration 

6809.19 and “Other articles,” Harmonized Tariff Schedule 6809.90. Data for 1985-88 are for “Cement of gypsum,” TSUS 512.3land 512.35, | 1s generally related to topography, struc- 
thet ofp nsph ean of Paris,” TSUS 512.41, and “Alabaster articles, n.s.p.f.,” TSUS 513.94. Data for 1989 might not be comparable ture, and climat e, because these factors 

*Data may not add to totals shown because of independent rounding. affect the depth of ground water and sur- 

Source: Bureau of the Census. | face water penetration. 
Domestic and foreign reserves of gyp- 

sum are adequate for the foreseeable 
| future. World reserves are conservative- 

when water is added to form a paste, it | calcine gypsum and manufacture plaster | ly estimated at 2.6 billion tons, of which 
quickly sets and hardens to form gypsum | and wallboard products. These companies | the United States has 800 million tons. 
again. | also sell crude gypsum for use in cement | In the United States, gypsum resources 

Byproduct gypsum is a chemical | and agriculture. The large wallboard | are centered near five main areas: the 
product of manufacturing processes such | producers, through foreign subsidiaries, | Great Lakes, including the Silurian Ba- 
as phosphoric acid, hydrofluoric acid, | produce most of the crude gypsum that | sin and the Michigan Basin; the gulf coast 

| citric acid, and titanium dioxide from il- | is imported to feed coastal wallboard | embayment of Louisiana, Mississippi, and 
menite, consisting essentially of | plants. Plants on the east coast import | south Texas; the Permian Basin of New 
CaSO,:2H,O. The sludge produced | mostly from Canada’s Maritime Prov- | Mexico, Kansas, Oklahoma, and north 
from scrubbers in the desulfurization of | inces, while plants on the west coast im- | Texas; several basins in the Rocky Moun- 
stack gas in thermal powerplants is also | port gypsum from Mexico. Crude | tain area, including those in Colorado, 
byproduct gypsum. gypsum from Spain, the other major | Montana, New Mexico, Utah, and 

Keene’s cement is anhydrous gypsum | source of U.S. imports, is used mainly by | Wyoming, Utah; and southern California 
plaster with certain accelerator additives. | cement plants. and southern Nevada. 
It is produced by special high-temperature Gypsum production is worldwide, with Gypsum reserves and resources are 
calcining. All of these minerals and | at least 80 countries known to produce. | common throughout the world. More 
materials, including the articles molded | Because of its wide distribution and plen- | than 80 countries produce gypsum, and 
from the plaster, are commonly called | tiful supply, most of the world’s produc- | very few are without any resources. 
gypsum or plaster. tion is consumed domestically. 

Exceptions include Canada and Mexico, | lechnology 
Industry Structure which export significant portions of their | | Gypsum deposits are explored to deter- 

The domestic gypsum industry is large | production to the United States; Thailand | mine their physical and chemical proper- 
and is dominated by a few large vertical- | and Australia, which export to much of | ties and to determine a minable thickness 
ly integrated companies that mine and | the Southeast Asia market; and Spain, | and the ratio of gypsum to anhydrite. The 
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TABLE 8 | 

GYPSUM: WORLD PRODUCTION, BY COUNTRY! 

| (Thousand short tons) 

Country | 1985 1986 1987 1988P 1989¢ 

Afghanistan 3 3 3 3 3 

Algeria® 2 275 303 303 303 303 

Angola® 22 22 22 22 22 

Argentina 508 509 © 682 565 330 

Australia 1,923 1,842 1,742 1,825 1,980 

Austria? 765 774 732 796 4689 

Bolivia‘ 2 2 2 "2 2 

Brazil (direct sales plus beneficiated) $84 "693 727 715 720 

| Bulgaria 428 435 337 442 440 

Burma 43 43 26 35 43 

Canada (shipments)? 9,311 9,704 9,980 10,485 49.590 

Chile 216 213 259 348 330 

China® 6,300 7,200 7,900 8,900 8,900 

Colombia 276 325 333 338 342 

Cuba® 145 145 145 145 (145 

Cyprus 7 18 33 50 36 412 

Czechoslovakia 851 819 851 853 854 

Dominican Republic . 342 146 65 73 77 

Ecuador 349 320 281 “289 287 

Egypt 927 998 1,200 ©1200 | 1,200 
El Salvador® 5 5 5 5 5 

Ethiopia? rey re] 2 2 2 

France? 5,827 5,797 5,962 6,204 16,266 

German Democratic Republic® 397 375 353 353 342 

Germany, Federal Republic of (marketable)? 2,609 2,090 1,882 1,599 2,040 

Greece 516 613 res50 FeS50 550 

Guatemala | 19 31 26 38 43] 

Honduras*° 25 25 25 25 25 

Hungary*° "22 "22 11 4130 127 

India 1,389 1,707 1,900 1,571 41,558 

Iran® aL) 9,300 9,300 9,300 9,300 

Iraq® 330 330 390 390 500 

Ireland 335 318 313 359 4347 

Israel ©50 51 39 34 33 

Italy 1,390 "1,372 1,339 *1,430 1,380 

Jamaica 197 129 194 161 160 

Japan 6,900 7,000 6,600 6,900 6,900 

Jordan 101 77 °77 94 4146 

Kenya? a) 12 43 42 40 

Korea, Republic of 873 — — — — 

Laos*® 120 140 ‘77 88 95 

Lebanon‘ 3 3 2 "2 2 

Libya® 200 200 200 200 200 

See footnotes at end of table. 
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TABLE 8—Continued | 

GYPSUM: WORLD PRODUCTION, BY COUNTRY! 

(Thousand short tons) 

Country 1985 1986 1987 1988P 1989¢ 

Luxembourg® (°) (°) (°) (°) (°) 
Mauritania 6 20 21 7 411 

Mexico : 5,074 4,666 5,044 4,548 45,305 
Mongolia® | 35 35 35 | 35 35, 

Morocco*® 500 500 500 500 500 

Nicaragua | 9 &9 8 °8 8 

Niger® 3 3 — 3 3 

Pakistan 451 411 495 413 4515 
Paraguay 3 3 3 4 44 

Peru 32 "189 252 P°165 176 

Philippines 124 138 138 °14] 132 
Poland? 1,073 1,220 1,242 1,224 1,220 

| Portugal 267 292 356 373 330 | 

Romania‘ | 1,790 1,760 1,650 1,760 1,760 

Saudi Arabia 451 411 411 413 413 

Sierra Leone® | 4 4 4 4 4 

South Africa, Republic of 505 446 385 410 4448 

Spain® 46,090 6,060 6,100 6,060 6,060 

Sudan? 7 eg eg 6 411 

Switzerland® 240 220 250 250 240 

Syria 177 176 273, 197 198 

Taiwan 2 2 2 3 3 

Tanzania? 16 16 27 22 22 

Thailand 1,404 1,836 3,341 5,014 46,038 

Tunisia® 100 110 110 110 110 

Turkey 86 141 333 275 276 

US.S.R. 4,655 5,070 5,270 ©5,300 5,300 

United Kingdom? 3,515 3,765 re3,860 re4.080 4,400 

United States’ 14,414 15,403 15,612 16,390 417,624 

Uruguay* 110 110 110 110 110 

Venezuela r208 275 272 277 276 

Vietnam® 30 30 30 30 30 

Yemen Arab Republic 27 58 165 176 175 

Yugoslavia 662 656 610 612 605 

Total 95,908 98,175 101,913 105,776 108,624 

“Estimated. Preliminary. ‘Revised. 
'Table includes data available through June 27, 1990. 
“Includes approximately 55,000 short tons of plaster a year. 
Includes anhydrite. 
‘Reported figure. 
Data are for years ending July 7 of that stated. Reported in cubic meters and estimated at 2.2 short tons per cubic yard. 
SLess than 1/2 unit. 
"Excludes byproduct gypsum. | 
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depth of hydration is important in min- | plaster is packed in bags and sold under 
ing because the presence of only a few | various trade names. 
percent anhydrite is sufficient to render Prefabricated products include lath, 
gypsum unusable for making plaster. | veneer base, sheathing, and wallboard. 
Adequate samples may be obtained from | These boards products are manufactured 
outcrops or drill cores. by continuous methods on automatic 

Deposits near the surface are devel- | machines that can be adjusted to any of 
oped by stripping the overburden, devel- | the standard products. A slurry of wet 
oping either single- or multiple-bench | plaster with additives and an accelerator 
open pits, and constructing access and | is spread between two moving sheets of 
transportation routes. Underground ore | paper. Moving through the shaping rolls, 
bodies are developed by sinking shafts or | the edges are molded and sealed. The 
driving adits, with mining development | green board is run out on a traveling belt 
and production by the room-and-pillar | until the plaster has set. The board is then 
system. cut with a revolving knife into appropri- 

Most domestic gypsum is produced | ate lengths and slowly passed through a 
from surface mines using standard open | drying kiln. 
pit mining methods. In a typical domestic 
mine, the gypsum is drilled and blasted lInternational Trade Administration (Dep. of Com- 
as needed, probably every week or two. | merce). Construction Review. V. 36, No. 2, Mar.—Apr. 

Broken | gypsum rock, loaded with  Diekson, T. Gypsum. Min. Annu. Rev., June 1989, , 
hydraulic shovel or front-end loader, is | , c113-c114. 
hauled to the primary crusher by a |  3Rock Products. V. 92, No. 5, May 1989, p. 22. 
fleet of three or four 35-ton haultrucks. ‘St. Croix Courier (St. Stephen, ME). February— 
All material removed from the mines is Gypsum, Milk Prices and Truck Route. Dec. 27, 1989. 

crude gypsum. All waste is left in the 5 iii Minerals (London). No. 262, July 1989, 

mine. 6______ No. 268, Jan. 1990, p. 11. 
The processing of crude gypsum de- | 

pends on the end use. Gypsum for use in 
cement is crushed to minus 1% inch plus | OTHER SOURCES OF INFORMATION 
3/8 inch. For agricultural or filler use, the 
gypsum is pulverized to 100 mesh or | Bureau of Mines Publications 
finer. Gypsum. Ch. in Minerals Yearbook, 

To produce plaster and wallboard annual. 
products, minus 100-mesh gypsum is Gypsum. Ch. in Mineral Commodity 
heated in batch kettles to remove three- Summaries, annual. 
quarters of the water of crystallization, Gypsum. Reported monthly in Mineral 
converting gypsum, CaSO, -2H,0, to the Industry Surveys. 
hemihydrate product, CaSO,:12H,O. A Gypsum. Ch. in Bulletin 675, Mineral | 
few rotary kilns are also used, in which Facts and Problems, 1985 edition. 
case a coarse feed with fines removed is | Other Sources 
calcined. During the commercial calcin- Company annual reports. 
ing process, gypsum is heated to 250° F Engineering and Mining Journal. 
for about 2 hours, then the temperature Industrial Minerals (London). 
rapidly rises to 300° to 350° F, at which Industrial Minerals and Rocks, 5th ed., 

time the calcine, called stucco, is dumped AIME, 1983. 
into a hot pit. The calcine is then mixed Nonmetallic Minerals, McGraw-Hill, 
with various additives, including a re- 1951. 
tarder or accelerator, and manufactured Pit and Quarry. 
into prefabricated wallboard products and Rock Products. 
other plaster and cement products. 

Plaster is generally reground calcine, 
modified with retarders or accelerators 
and containing various binders such as 
hair, sisal, fiberglass, aggregates, or 
colored pigments. Retarders, usually glue, 
starch, or slaughterhouse byproducts, can 
increase the setting time to as much as 
6 hours. Accelerators, such as metal salts, 
set plaster, or anhydrite, can reduce the 
setting time to less than 5 minutes. The 
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By William D. Leachman 

Mr. Leachman, chemical engineer, Helium Field Operations, has covered helium for 7 years. He also prepared the | 

domestic survey data and the international data. 

rade-A helium (99.995% or | tained from natural gas supplying fuel | from natural gas increased 5% in 1989 

better) sales volume in the | markets in the winter is stored by the | because most crude helium plants re- 

United States by private in- | Government under contract. This pri- | mained operational throughout the 

dustry and the Bureau of | vately owned crude helium is returned | year. One plant shut down for about 1 

Mines was 2,083 million cubic feet | to the owners for purification as | month because of a legal dispute over 

(MMcf) in 1989.! Grade-A helium ex- | needed to provide for private industry | its feedgas. In addition, Exxon increased 

ports by private producers were 796 | demand. Privatization of all the Gov- the helium production at their Riley 

MMcf, for total sales of 2,879 MMef of | ernment’s helium program, except the | Ridge plant by eliminating ‘“bottle- 

U.S. helium. The price of Grade-A | conservation storage operation, is un- | necks.” All natural gas processed for 

helium, f.o.b. plant, was about $37.50 | der consideration. helium recovery came from gasfields in 

per thousand cubic feet (Mcf) for both Kansas, New Mexico, Oklahoma, Texas, 

the Bureau and private industry. The | _.. ——SCSCSCSS arn Wyoming. Pressure-swing adsorp- 

Bureau price for bulk liquid helium was | PRODUCTION tion is used for helium purification at 

$45.00 per Mcf with additional costs | —--————_——— four of the private helium plants and at 

for container services and rent. The the Bureau’s plant. Cryogenic purifica- 

liquid helium price for private industry In 1989, 12 privately owned domestic | tion is used by the other producers. The 

was also about $45.00 per Mcf with | helium plants were operated by 9 com- Bureau and all seven private plants that 

some producers posting surcharges to | panies. Seven of these and one Bureau produce Grade-A helium also liquefy 

this price. of Mines plant extracted helium from | helium. The plant operators and loca- 

natural gas. Both private and Bureau | tions are Air Products and Chemicals 

| plants use cryogenic extraction proc- | Inc., Hansford County, TX; Navajo 

DOMESTIC DATA esses. The volume of helium recovered | Refined Helium Co., Shiprock, NM; | 

COVERAGE 

TABLE 1 

Domestic production data for helium | — gWwNERSHIP AND LOCATION OF HELIUM EXTRACTION PLANTS 
are developed by the Bureau of Mines IN THE UNITED STATES IN 1989 

from records of its own operations as : 

well as the High Purity Helium Survey, | ———— — ———————____ —  _—H__ 

a single, voluntary canvass of private Category and owner or operator Location Product purity 

U.S. operations. Of the seven opera- | Government-owned: 

tions to which a survey request was Bureau of Mines Masterson, TX Crude and Grade-A helium.! 

sent, 100% responded, and those data | Private industry: 

plus data from the Bureau’s operations Air Products and Chemicals Inc. Hansford County, TX Grade-A helium.! 

represent 100% of the total production KN Energy Inc. Scott City, KS Crude helium.’ 

shown in table 2. Oxy NGL Inc. Ulysses, KS Crude helium. 

Exxon Co. U.S.A. Shute Creek, WY Grade-A helium.! » 

LEGISLATION AND —it#=tw a Refined Helium Co. Otis, KS Grade-A helium.!' 

avajo Refined Helium Co. Shiprock, NM Do. 

GOVERNMENT PROGRAMS Enron Helium Co. Bushton, KS Crude helium. 

Phillips Petroleum Co. Dumas, TX Do. 

The Government’s program for stor- Do. Hansford County, TX Do. 

age of private crude helium in the Union Carbide Corp., 

Government’s helium storage facilities Linde Div. Bushton, KS Grade-A helium.’ 

at the Cliffside Field near Amarillo, Do. Elkhart, KS Deactivated. 

TX, was vital in supplying helium for | po. ~~ ~~~~~~—S—~Sst*~CS~*«< yes, KS. =S~*~<C«s~*«‘i«:*«<rndde-A elim 

the private helium market. Excess he- | taqugmeiquetacion ~—=C=~C*=“‘S*C‘“‘C 

lium production of private industry ob- Output is piped to Ulysses, KS, for purification. — 
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TABLE 2 Kansas Refined Helium Co., Otis, KS; 

HELIUM RECOVERY IN THE UNITED STATES! Exxon Company, U.S.A., Shute Creek, 
. WY; and Union Carbide Corp., Linde 

(Thousand cubic feet) Div., Bushton, Elkhart, and Ulysses, 
| KS. Linde’s helium plant at Elkhart, 

1985 1986 1987 1988 1989 KS, was shut down in 1988 after mod- 
Crude helium: ifications at their Ulysses, KS, plant 

Bureau of Mines total storage  —411,681 —379,827 —289,085 —359,409 —377,508 | were completed and it was restarted. 
Private industry: EEE 

Stored by Bureau of Mines 487,576 431,917 730,360 630,748 547,158 | TTT TTT TTT 

Withdrawn — 956,462  —980,209 '-—697,266 —551,997 —653,263 CONSUMPTION AND USES 

Total private industry storage —468,886 — 548,292 *33,094 78,751 —106,105 

___ Total crude helium | — 880,567 —928,119 ‘—255,991 -—280,658 —483,613 The major domestic end uses of he- 

Stored private crude helium lium were cryogenics, welding, and 
withdrawn from storage and os . . 
purified by the Bureau of pressurizing and purging. Minor uses 
Mines for redelivery to | | included synthetic breathing mixtures, 
industry —5,339  —18,658 —6,765  —11,920 — 5,482 | chromatography, leak detection, lifting 

Grade-A helium: gas, heat transfer, and controlled atmos- 

Bureau of Mines sold 397,446 333,447 266,594 316,954 350,154 | Pheres. The Pacific and Gulf Coast 
___Private industry sold __—=———1,485,662 1,607,963 1,963,750 2,256,997 2,529,226 | States were the principal areas of he- 
Total sold S™S~*«wS*RB,TOB: «1,941,410 2,230,344 2,573,951 2,879,380 | lium consumption. | "Total stored = ~—~CS~S*«< BBS. «= 04GTTT.«F=260,756 292,578 489.095 hoe sales to Federal agencies and 

~ Grant total recovery SS 907,202 904,633 *1.967,588 3381373 7,390,285 their contractors totaled 350 MMcf in 

| TR I 1989, an increase of about 10% when 

' Negative numbers denote net withdrawal from the Government’s underground helium storage facility, a partially depleted natural gas compar ed with last year's sales. This 
reservoir in Cliffside Field near Amarillo, TX. increase was due largely to the U.S. 

Department of Defense Strategic De- 
fense Initiative projects and the Na- 
tional Aeronautics and Space Adminis- 
tration’s (NASA) resumption of space 
shuttle flights, which include associ- 

FIGURE 1 ated projects that use large volumes of 
| helium. Sales to the U.S. Department 

HELIUM RECOVERY IN THE UNITED STATES ‘of Energy continue to decline. 

| The Federal agencies purchase their 
S major helium requirements from the 

LON | Bureau of Mines. Direct helium pur- 

[ chases by Defense, NASA, Energy, and 
fii | the National Weather Service consti- 

4 HSI IEEE Eos tuted most of the Bureau’s Grade-A 
FF ITD helium sales. All remaining helium 
uu ISIS EEE sales to Federal agencies were made 
L. SOSEEEESnuuuiigs) “7” Recovered through Bureau contract distributors, 

GO 3 ITI IIIEISSIIE ETDS . who purchased equivalent volumes of 
o | PIE stoped cl c0n £ Bureau helium under contracts de- 
O JEU EEUU Ss scribed in the Code of Federal Regula- 
z PDAS oe ES tions (30 CFR 602). Some of the con- 
O 2 IIS EEETIIEIIIIIEIIIIE Sold ~~? 7 tract distributors also have General 
5 SESS SSS Lo Services Administration helium supply 
oO IAI Zr fo contracts. These contracts make rela- 

SEU U IIE UID IIDCIIIED [TIC tively small volumes of helium readily 
1 (EEE YA a #7 EN available to Federal installations at 

ads" OSS? bef lower freight charges by using the con- 
we . ‘- - precy $ . ° ° . . 

> Removed from Storage = tractors’ existing distribution systems. 

0 ce 

1960 1965 1970 1975 1980 1985 1990 STOCKS 

The volume of helium stored for 
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FIGURE 2 was withdrawn, for a net decrease of 

MAJOR U.S. HELIUM-BEARING NATURAL GAS FIELDS 112 MMcf of private helium in storage. 

SOUTHWEST WYOMING AREA ?wmsaatonAMnmawrinart.... UU 
[sou Riley Ridge Area Fields A] KANSAS Otis-e Qa e* Pushton TRANSPORTATION 

| = Shute Creek Plant | ° 7 | 
@ Church Buttes Field ee vent City *<Great Bend 
LL _____l Ulysses GRE All Grade-A gaseous helium sold by 

COLORADO SSS the Bureau was shipped in cylinders, 
See Satanta modules (large gas cylinders), special 

Greenwood Field as ey Hugoton Field railway tankcars, or highway tube semi- 
Ute Dome Fiele Keyes Field —. eee -Liberal trailers. Small gas cylinders are filled at 

J Shiprock Keyes” Y is Guymon the Amarillo plant, and railway tank- 
SD, cars are filled at the Exell plant. Other 

NEW MEXICO Stratford SS * Gruver shipping containers for gaseous helium 
KEY on SN Panhandle Field may be filled at either plant. Bureau 

ey liquid helium was shipped in dewars 
f Bureau of Mines hewam _ SSS OKLAHOMA and semitrailers from the Exell plant 

| System (Cliffside Go SEER exclusively. Private industrial gas dis- 
Field Ca RS ae . . . . 

_— — Wyoming Inset Lo marillo 5 tributors shipped helium primarily as a 
liquid in semitrailers. These semitrail- 

| Q Hellum Bearing Natural TEXAS ers delivered the liquid helium to distri- 

bution centers where some of it was 

gasified and compressed into trailers 
| and small cylinders for delivery to the 

end user. The remaining liquid helium 
was sold as bulk liquid or repackaged 

TABLE 3 in dewars of various sizes for delivery. 

SUMMARY OF BUREAU OF MINES HELIUM PLANT OPERATIONS 

| (Thousand cubic feet) PRICES 

1987 1988 1989 . 
Grade-A supply. —~CSS The Bureau of Mines price, f.o.b. 

"Inventory at beginning of period’ —=—S«A7, 784 38,899 35,937 | Plant, for Grade-A helium has been 
Helium recovered: Exell plant? 294,474 325,912 355,591 | Maintained at $37.50 per Mcf since 

SE ooo a —— —-— | October 1, 1982, when it was raised 
— Total 312,258 364,811 391,518 | from the $35.00 per Mcf price estab- 
Grade-A disposal: lished in 1961. The price for Grade-A 

Sales 266,594 316,954 350,154 | helium from private producers is also 
Redelivered to private producers 6,765 11,920 5,482 | about $37.50 per Mcf. The Bureau 

Inventory at end of period! 38,899 35,937 35,882 | trailer-load liquid helium price was $45 

Total 312,258 364,811 391,518 | per Mcf during all of 1989 with addi- 

' At Amarillo and Exell helium plants. tional charges for container services 
7 Includes 6,765 Mcf purified for private industry in 1987, 11,920 Mef in 1988, and 5,482 Mcef in 1989. and rent. The typical private industry 

price for liquid helium was also $45 per 
Mcf gaseous equivalent plus sur- 

TABLE 4 future use in the Bureau of Mines he- | charges. The Bureau has submitted a 
TOTAL SALES lium conservation storage system, | report to Congress on options for the 

OF GRADE-A HELIUM ‘which includes the conservation pipe- | routine adjustment of helium prices. 
IN THE UNITED STATES line network and the Cliffside Field 

7 near Amarillo, TX, totaled 35.1 billion | 
(Million cubic feet) cubic feet (Bcf) at yearend. The conser- | FOREIGN TRADE 

vation storage system contains crade |_--])\_C_™l_lNTd 
Year Volume | helium purchased by the Bureau under 
1985 1,444 | contract, Bureau helium extracted in Exports of Grade-A helium, all by 

1986 1,509 | excess of sales, and privately owned | private industry, increased by 20% in 
1987 1,736 | helium stored under contract. During | 1989 to 796 MMcf (table 7). About 53% 

1938 —C”tétC‘ <2 3W®!*~<S~S*é‘ié‘é;é*;*;*YCGYY:”S«*L:«9B9, 547 MMccff Off private helium was | of the exported helium was shipped to 
1999. *9.2983 delivered to the Bureau’s helium con- | Europe. Belgium-Luxembourg, France, 
———w = | servation storage system and 659 MMcf | and the United Kingdom, collectively, 
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TABLE 5 received about 88% of the European 

BUREAU OF MINES SALES OF GRADE-A HELIUM BY PURCHASER! | helium imports. About 34% of the U.S. 
helium exports went to Asia, with Japan . 

(Thousand cubic feet) taking about 85% of this helium. Other 
exports were as follows: 3% each to 

1987 1988 1989 North and South America; over 2% each 

Federal agencies: to Australia-New Zealand, the Middle 

Department of Defense 95,386 96,934 121,913 | East, and Central America; and less than 
Department ofEnergy = sst—=<CSts«SwN 27,497 23,088 20,416 | 1% each to Africa and the Caribbean. 

"National Aeronautics and Space SOS The shipments of large volumes of he- 

Administration 17,504 49,654 63,322 | lium to Western Europe were attributed 
National Weather Service 7166 84] 711 | to helium use in cryogenic research and 
Other 7,223 4,557 3,440 superconducting equipment. Significant | 

Toal 148,376 175,074 309,802 volumes were also being used in breath- 
~ Federal agency sales supplied by. —S ing mixtures for diving, welding, and as a 

private contract helium distributors” 117,052 140,944 139,333 lifting Sas ° Although no helium was im- 
~Commercialsalest(‘;SSCS™W 1.166 936 1.019 ported in 1989, import tariffs on helium 
—~“Grandtoal ——— —— ——— | remained at the 3.7% rate established on 

rand total 266,594 316,954 350,154 . 
HH | January 1, 1987. No further decreases in 

Table identifies Federal purchaser, who might redistribute the helium to another Federal helium user. ° ° 

2 Purchased from the Bureau of Mines by commercial firms and redistributed to Federal installations under contract authority of 30 CFR import tariffs are currently scheduled. 

602. 

WORLD REVIEW 
FIGURE 3 | TO 

ESTIMATED HELIUM CONSUMPTION BY END USE World production of helium, exclud- 

IN THE UNITED STATES IN 1989 ing the United States, was estimated to 
(Million cubic feet) be 250 MMcf, most of which was ex- 

| tracted in Poland and the U.S.S.R. The 

| remainder was produced in small plants 
in China and India. 

Leak Detection 
44 (2%) a 

| Pressurizing BACKGROUND 
and Purging Co 
475 (23%) 

Controlled The Bureau of Mines role in helium 
Atmospheres matters dates back to the First World 

, 248 (12%) War when the Army and Navy became 
interested in using helium as an inert 

Cryogenics | lifting gas and contacted the Bureau, 
518 (25%) Other E because of its natural gas expertise, for 

A 223 (11%) &£ assistance. In 1925, the Government’s 
mh Ei Helium Program was officially placed 
EN by under Bureau control by Congress (He- 

vey Welding hey lium Act of 1925). In 1929, the Bu- 
YE 529 (25%) hay reau’s Amarillo, TX, large-scale helium 

Mixtures. an Lo extraction and purification facility was 

46 (2%)  <e, KS built and began operation. During 
“em World War II, demand increased signif- 

QS icantly and four more small Govern- 
ment helium plants were built. 

Estimated Total Helium Used New technology increased helium de- 
(2,083 million cubic feet) mand in the 1950’s and led to the 

construction of the Keyes Oklahoma 

| plant in 1959. Dwindling Hugoton- 
Panhandle Field natural gas supplies 
aroused concerns that no economic 
source of helium would exist by the 
turn of the century. 

In 1960, Congress replaced the 1925 
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TABLE 6 TABLE 8 

SUMMARY OF BUREAU OF MINES WORLD GRADE-A HELIUM 
HELIUM CONSERVATION STORAGE SYSTEM OPERATIONS’ PRODUCTION CAPACITY, 

| (Thousand cubic feet) DECEMBER 31, 1989 

(Million cubic feet) 

1987 1988 1989 

Helium in conservation storage system 1989 

at beginning of period: United States '3,000 
Stored under Bureau of Mines Rest of World® 250 

conservation program 34,405,169 34,116,084 33,756,675 © Tole t=CSN "3,250 

Stored for private producers under cEuimatedSt(<“<=‘=~*s‘sCSttSSS 

— contract _1,773,445 _1,799,774 _ 1,866,605 ' Includes capacity of operating plants, as well as plants on 

Total 36,178,614 35,915,858 35,623,280 | standby. . 

Input to system: 

Net deliveries from Bureau of Mines . 

Peaaeenereecnne ~289,08° ~359,409 ~377,508 supply of helium in Government storage, 
re Or private pr 1 ; contract P producers under 730,360 630,748 547,158 assuming all market requirements would 

es ————_ —_———— | come from storage. 
Total 441,275 271,339 169,650 

Redelivery of helium stored for private | Resources 
producers under contract? ~704,031 -563,917 -658,745 Domestic measured and indicated 

Net addition to system * -262,756 -292,578 -489,095 | helium resources as of January 1, 1989, 

Helium in conservation storage system the latest figures available, are esti- 
_atend of periods mated to be 535 Bcf. The total identi- 

Stored under Bureau of Mines fied helium resources are about 1 Bcf 
EE 34,116,084 33,756,675 33,379,167 | more than reported in 1988. The in- 

Stored for private : . : contract producers under 1,799,774 1 866,605 1.755.018 crease is attributed to the reevaluation 
Tol «SS rs sg 35 603.280 35 134 185 of the helium reserves of several fields 

|G hsb ae iw or win (=) fom he Govenmen’s ndersoond Rola aoe aya parialy Senled | Une VF the Uitted Staves, The resouvees 
natural gas reservoir in Cliffside Field near Amarillo, TX. aa . vee us Cas of the United States. The resources 

2 Negative numbers denote net withdrawal from storage. include measured reserves and indi- 

cated resources estimated at 257 and 32 
Bcf, respectively, in natural gas with a 

Act with new legislation. The purposes | gram were made under 22-year contracts | minimum helium content of 0.3%. The 
of the Act were to provide for conserva- | with private natural gas companies, | measured reserves included 36 Bcf 
tion of helium for essential Government | which added crude helium extraction | stored by the Bureau in the helium 
activities and to promote development of | capabilities to their existing gas process- | conservation storage system. Measured 
a private helium industry. The Act di- | ing facilities. Four companies built five | helium resources in natural gas with a 
rected the Secretary of the Interior to | crude helium plants. The Bureau con- | helium content of less than 0.3% are 
purchase and store helium for future | structed a high-pressure pipeline to trans- | estimated to be 36 Bcf. Indicated he- 
Government use and to operate and | port the helium from Bushton, KS, and | lium resources in natural gas with a 

maintain helium production and purifi- | intermediate points, to the Bureau- | helium content of less than 0.3% are 
cation plants and related helium storage, | owned Cliffside Field, for storage. estimated to be 210 Bcf. Approximately 
transmission, and shipping facilities. Helium needs of the Federal agen- | 165 Bcf, or 93%, of the domestic he- 

Purchases for the conservation pro- | cies, particularly the U.S. Department | lium resources under Federal owner- 

of Defense, NASA, and the U.S. De- | ship are in the Riley Ridge area and the 
partment of Energy, have been met and | Church Buttes Field in Wyoming, and 

TABLE 7 , ; , woe: aa 
there is enough helium in storage to | in the Cliffside Field in Texas. 

U.S. EXPORTS OF meet their foreseeable needs for up to Most of the domestic helium re- 
GRADE-A HELIUM 100 years, depending on how much | sources are located in the midcontinent 

(Million cubic feet) helium will be needed by future Gov- | and Rocky Mountain regions of the 
ernment programs. The entire Federal | United States. The measured helium 

Yaar Whe helium demand is now supplied by the reserves are located in approximately 92 
EY Exell Helium Plant as all other Govern- | gasfields in 11 States. About 87% of 

985 BF) ent plants have been dismantled or | these reserves is contained in the Hugo- 
9860 |“ HOtHdallled.” ton Field in Kansas, Oklahoma, and 
1987 494 In the mid-1970’s, the Bureau began | Texas; the Keyes Field in Oklahoma; the 
1988 663 accepting privately owned crude helium | Panhandle and Cliffside Fields in Texas; 
1989 796 for storage in Cliffside under long-term | and the Riley Ridge area in Wyoming. 
Source: Bureau of the Census. contracts. Private industry has a 1-year | The Bureau of Mines analyzed a total of 
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174 natural gas samples from 18 States | Large Coil Task was completed at Oak | pressure gaseous helium provides the 

| during 1989 in conjunction with its pro- | Ridge National Laboratory. These six | initial push that inserts the projectile 
gram to survey and identify possible new | magnets each incorporated slightly dif- | into the bore of the rail gun at a 
sources of helium. ferent designs, which were being tested | velocity of about 1,100 miles per hour. 

to determine the best configuration for | Electromagnetic energy applied along 
a CCCCSC*dY«saAHie@: CNfine=Meentt Of fusion systems for | the bore accelerates the projectile to a 
TECHNOLOGY the production of clean nuclear energy. | final velocity of about 9,000 miles per 

= _ | Although these magnets are the largest | hour. Easing of tensions with the 

ever tested (8 tesla, or 160,000 times as | U.S.S.R. and Eastern Bloc nations might 
Until recently, all superconductors | strong as the magnetic field of Earth), | slow development of SDI weapons. 

required liquid helium (-452 °F) to | they are only one-third to one-half the Superconducting magnetic energy 
reach superconducting temperatures. | size of those needed for proposed fu- | storage (SMES) is also being investi- 
Current research on superconductors | sion reactors. Successful operation of | gated to provide power for Department 
has resulted in the discovery of super- | these magnets gives researchers more | of Defense laser systems. SMES allows 
conducting materials that operate | confidence in using superconducting | the accumulation and storage of elec- 
above liquid nitrogen temperatures | magnets for fusion containment. trical energy over the long term (hours) 
(-320 °F). These new superconductors Liquid helium use in magnetic reso- | and discharges it in minutes. 
have physical limitations, such as brit- | nance imaging (MRI) continues to in- Other evolving technologies that re- 
tleness and poor current-carrying ca- | crease as the medical profession accepts | quire the unique properties of helium are 
pacities that have limited their use in | and develops new uses for this equip- | (1) metastable helium for energy storage, 
various superconducting applications. | ment. MRI equipment is providing ac- | which involves raising helium electrons 
If these problems are solved, the new | curate diagnosis of medical problems | to an excited energy state and then stabi- 
materials could replace liquid helium- | where exploratory surgery was required | lizing the atom there; (2) fiber-optic pro- 
cooled superconductors and adversely | previously. Another medical applica- | duction, where an ultrapure atmosphere 
affect the liquid helium market. Most | tion being developed uses MRI to de- | is required; (3) helium-filled plastic pil- 
researchers seem to think it will be at | termine by blood analysis if a patient | lows, where low density is required to 
least 5 to 10 years before the new | has any form of cancer. simulate a precursor wave from a nuclear 
materials affect liquid helium demand. Lifting gas applications are increas- | blast; (4) helium ion tumor treatment, 

Meanwhile, technology that uses liq- | ing. Many companies besides Good- | where large inert particles are required; 
uid helium to produce superconducting | year are now using “blimps” for adver- | (5) liquid helium-cooled superconducting 
temperatures continues to be developed | tising. The U.S. Navy and U.S. Air | microswitches, called Josephson junc- 
and operated. Liquid helium continues | Force are investigating the use of air- | tions, which are much faster than con- 
to be used at Fermi National Accelera- | ships to provide early warning systems | ventional semiconductors and use less 
tor Laboratory for Tevatron/Tevatron | to detect low-flying cruise missiles. The | power; (6) “Aneutronic” nuclear fusion 
1, which was the world’s first supercon- | Drug Enforcement Agency has in- | where nuclear energy is produced by fu- 
ducting particle accelerator. The liquid | stalled six radar balloons along the | sion of deuterium and helium-3, which 
helium-cooled superconducting mag- | southern border of the United States to | produces few or no neutrons; and (7) new 
nets used in this accelerator provide an | detect drug smugglers. In addition, | helium-hydrogen breathing mixtures that 
intense and extremely steady magnetic | NASA is now using helium-filled bal- | enable deep-sea divers to reach depths 
field using only a fraction of the energy | loons to sample the atmosphere in Ant- | below 1,700 feet. 
required by conventional electromag- | arctica to determine what is depleting 
nets. The Tevatron is presently the | the ozone layer that protects Earth 1 All helium volumes herein reported are at 14.7 
highest-energy particle accelerator in | from harmful ultraviolet radiation. | pounds per square inch absolute and 70 °F. 
the world (1.6 trillion electron volts). In | Similar work is also underway in the 
addition, the Department of Energy | Arctic. A stealth blimp is being tested | OTHER SOURCES OF INFORMATION 
has already selected the magnets it pro- | by the Army’s Intelligence and Elec- 
poses to use in the Superconducting | tronic Warfare Center in New Jersey. Bureau of Mines Publications 
Supercollider (SSC). The SSC magnets Helium is being used to develop sev- Helium Chapter in Minerals Yearbook, 
will be similar to those used at Fermi, | eral Strategic Defense Initiative (SDI) annual. 
which are liquid helium-cooled, be- | applications such as the antisatellite Helium Chapter in Minerals 
cause they have been proved and tested | (ASAT) rocket, chemical laser, and rail Commodity Summary, annual. 

in operation. When completed, the | gun. The ASAT rocket uses liquid Research “1989-90” Helium Section, 
SSC will have about 20 times the power | helium-cooled infrared sensors for tar- annual. 
of the Tevatron (40 trillion electron | get location and guidance. Gaseous Information Circular 9129, “Analyses of 
volts). The proposed Texas site for the | helium is used in the lasing gas mixture Natural Gases, 1917-85” by B. J. 

SSC was selected by Energy in January | of the chemical laser, and liquid helium Moore and Stella Sigler. 

1989. is used to cool the tracking telescope. Information Circular 9189, “Helium 
Testing of the six liquid helium- | This telescope is used to locate the Resources of the United States, 1987” 

cooled electromagnets supplied for the | target and aim the laser beam. High- by Richard D. Miller. 
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| By Stephen M. Jasinski | 

Mr. Jasinski is a physical scientist with the Branch of Nonferrous Metals. He has covered indium for 2 years. Domestic 

_ survey data were prepared by Lura Nightlinger, Nonferrous Data Section. 

omestic indium production | indium was used for manufacturing | coating for quick defrost of wind- 
was derived from the up- | semiconductors and solar cells. shields. In a similar use, glass doors on 
grading of crude indium Thin film coatings on glass, which | commercial refrigerators and freezers 
metal and residues generated | use indium oxide and ITO, have been | are kept free of condensation and frost 

in the refining of zinc and other base | the largest area of growth for indium | by a heated thin film of indium oxide. 
metals. Two companies accounted for all | usage in the past 3 years. Solar cells, Another group of films includes 
refined indium produced in the United | computers, digital displays, and infra- | transparent, infrared reflecting coat- 
States. Domestic production data for | red reflective window coatings to re- | ings on window glass to control energy 
1989 were unavailable. The U.S. pro- | duce energy costs were some major | losses by reflecting heat inward during 
ducer price for indium dropped through- | applications. Another area of increas- | the winter and out in the summer. For 
out the year because of lower demand | ing importance during this period was | residential windows, the coating was 
and increased world supply. The main | the use of high-purity indium as a | usually applied to a plastic sheet and 
uses were for indium tin oxide (ITO) and | constituent in semiconductors, which | encased between two panes of glass. 
indium coatings, alloys, plating, and | are used mainly for infrared and radia- | This prevents erosion of the coating 
semiconductor compounds. tion detectors, fiber optics, and other | and reduces the cost of production. 

optoelectronic devices. Because the expense of retrofitting a 

a Applications involving thin coatings | commercial building remains high, 
LEGISLATION AND on glass can be divided into two cate- | other less expensive metals, such as 
GOVERNMENT PROGRAMS gories, electrically conductive and in- | silver, were used as a replacement for 
i _| frared reflecting. Electrically conduc- | indium on new windows. 

tive coatings, which comprise the A major use of indium in Europe, and 
On June 1, 1989, the Assistant Sec- | largest group, were used primarily in | a growing application in the United 

retary of Defense announced the inclu- | LCD’s for watches, television screens, | States, was in the manufacturing of low- 
sion of indium in the National Defense | portable computer screens, video mon- | pressure sodium vapor street lamps. An 
Stockpile with a goal of 41,990 kilo- | itors, and other related display devices. | indium oxide coating was used on the 
grams. Purchases were scheduled to | An LCD consists of a liquid crystal | inside surface of the outer glass cover of 
begin at 2,488 kilograms annually for | material bonded between two sheets of | the lamp. The indium oxide acts as an 
fiscal years 1990 and 1991.! glass that are coated on the inside with | infrared reflector, which allows the bulb 

a transparent indium oxide or ITO | to operate at a higher temperature for 

Ss film, which acts as an electrode. A | improved efficiency. 
CONSUMPTION AND USES polarizing filter is placed on the outside Electroluminescent (E-L) lamps are 

TTT ATA _|_ OF the glass, and the entire display is | thin, flat, flexible light sources used to 
sealed in plastic. A small change in | backlight LCD screens, display panels, 

Domestic consumption was about | voltage applied to the electrode causes | and switches for military and civilian 
25,000 kilograms in 1989. Thin coatings | the crystal to become oriented in a | applications. An E-L lamp consists of 
of indium on glass, used in applications | distinct pattern and blocks polarized | a layer of light-emitting phosphor ma- 
such as liquid crystal displays (LCD) and | light emitted from the back of the | terial on an aluminum foil substrate. A 

heat-reflecting window coatings, were | display, thus producing the display.” transparent film of ITO, which acts as 
the largest use in 1989, accounting for Some aircraft and locomotive wind- | an electrode, is placed on the phosphor 
45% of consumption. Other uses were | shields used a transparent ITO film as a | and illuminates the area when electric- 
for electrical and electronic components, | demister or defogger. In this applica- | ity is applied. E-L lighting penetrates 
25%; solder and alloys, 20%; and re- | tion, electric current heats the film to | fog, smoke, and haze making these 
search and other, 10%. clear the glass. Indium coatings are | lights essential in military and commer- 

Indium was available in various | more effective than other types of ma- | cial aircraft. Tactical military aircraft 
forms, such as ingot, foil, shot, ribbon, | terials, but its use is limited because of | used E-L lamps for instrument panels 

| wire, and powder. Standard-grade in- | the higher cost. Many automobile man- | and marker lights, and commercial 
dium was generally used in solders, | ufacturers have also experimented with | planes used the lamps primarily in 
chemical compounds, plating solu- | this use but, because of the higher cost, | safety lighting for aisles and doors. 
tions, and fusible alloys. High-purity | most of them used a zinc-silver oxide High-purity indium was an important 
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element for semiconductor materials | lowing the Three Mile Island nuclear | for producing high-purity metals, in- 
used in infrared detectors and optoelec- | accident in 1979, all orders for new | cluding indium, in Spokane, WA, and 
tronic photonic devices such as fiber | nuclear powerplants in the United | Trail, British Columbia, from Cominco 
optics, laser diodes, optical computers, | States ceased, and subsequent con- | Ltd. Cominco Electronic Materials 
and signal processing. Indium phosphide | sumption has been only for replace- | (CEM) produced high-purity indium 
was the leading substrate material for | ment rods. and other metals for semiconductors 
optical integrated circuits and _ laser Because of its softness and ability to | and a variety of indium solders, wire, 
diodes.? Indium antimonide and indium | cold-weld to itself, certain breath-ana- | and sputtering targets at the two pro- 
arsenide were used in infrared detectors | lyzer units used an indium tube as a | duction facilities. The purchase in- 
for missile-guidance systems, night- | containment device. To obtain a speci- | cluded Crystal Research Inc., another 
vision instruments, and medical devices. |. men, the person exhales into the unit and | subsidiary of Cominco that conducted 

Copper-indium-diselenide (CIS) was a | a breath sample is crimped inside the | research on high-purity metals at Van- 
promising material for high-efficiency | tube and sent to a laboratory for analy- | couver, British Columbia. Johnson 
solar cells. CIS has demonstrated energy- | sis. This method, however, was losing its | Matthey continued operations at the 
conversion efficiency ratings of at least | share of the market to electronic methods | existing plants using source material 
9.7% for large panel units and 14.1% for | of detecting intoxicants. from Cominco. The new company, 

small cells, with a goal of 15% to 20% Minor uses included indium-pallad- | Johnson Matthey Electronics, was 
efficiency by 2000. CIS cells were also | ium and indium-gold alloys in den- | headquartered in Spokane. 
more durable than other materials, such | tistry, as a surface lubricant for abra- Falconbridge Ltd. and Indium Corp. 
as amorphous silicon. For the cells to | sive compounds, and as an additive to | of America planned to complete a new 

become economically viable, two other | lubricating oil to prevent corrosion. | indium recovery plant at Falconbridge’s 
goals have to be achieved. They must | Certain radiation-detection badges used | Kidd Creek Mine at Timmons, Ontario, 
have a 30-year lifespan, and the cost of | indium foil, because low-energy neurons | in late 1990. Indium Corp. planned to 
production must drop from the current | easily induce radioactivity in indium. refine the material at its plant in Utica, 

range of $100 to $240 per square meter NY, and to gradually increase its produc- 
(m7) to near $50 per m*. Other indium tion to about 30 tons per year. Canada 
solar-cell materials, such as copper- | —————————ss—<C—C‘<‘<;73 }PChCCSSSCSCSs(‘CSCSSY Wold eCOMec thee world’s largest pro- 
indium-gallium-diselenide were more ex- | PRICES ducer of refined indium upon comple- 
pensive to manufacture than CIS, but | —-_————-—---—_—— | tion of these projects. 
had higher energy conversion ratios.* | 

A major domestic use for indium has A slight increase in world stocks of | Japan 
been as an alloying addition to bis- | indium and reduced demand resulted in Nippon Mining Co. Ltd., the largest 
muth, cadmium, lead, mercury, or tin | lower prices. The price of standard- | producer of indium in the world, began 
to lower the melting point. These alloys | grade, 99.97%-purity indium in the | developing a new lead-zinc deposit on 
can be used in such applications as a | United States gradually decreased from | Hokkaido, which according to the com- 
heat fuse material for fire-protection | $9.65 per troy ounce in January to | pany contained an estimated 3 million 
systems, or a holding material for the | $7.80 per troy ounce in December. tons of ore. Indium, silver, and copper 
grinding of optical glass. Indium was were expected to be produced as 

used in combination with tin for glass- | ___._——ss—Cs—‘—;sC—~™SS | bypprrcodurcts..° 
to-metal and glass-to-glass seals. WORLD REVIEW Japan increased its reported output 

Low-temperature, indium-base sol- | ————----____LL | Of refined indium from 27 tons in 1987 
der was used as a replacement for tin- to 49 tons in 1989, thereby becoming 

lead solder, because advanced elec- World refinery production in 1989 | the largest producer in the world. The 
tronic components can be damaged by | was about 115 metric tons. Belgium, | reported figure included indium pro- » 
the temperature of tin-lead solder. | France, Italy, and Japan were the larg- | duced from lower purity metal im- 
Indium-base solders melt at a much | est producers. World consumption was | ported from Europe and North Amer- 
lower temperature and remain flexible | about 110 tons. Japan and the United | ica. Therefore, actual production was 
over a greater temperature range. Un- | States were the largest consumers. | estimated at 31 tons in 1989. Consump- 
like tin-lead solder, which can leach tion in Japan was estimated at 60 tons 
gold or other precious metals and cause | Canada in 1989 and was expected to increase 
a defective solder joint, indium does Cominco Ltd. commenced operations | substantially over the next 5 years. The 
not react with those metals. The DOD | at its new indium refinery at Trail, British | leading uses of indium in Japan were 
was studying the inclusion of indium- | Columbia. The company planned to ad- | for transparent, electrically conductive 
base solders for military specifications. | just the output to prevailing market con- | coatings on glass, electroluminescent 

Several manufacturers of pressurized | ditions. Production capacity of the new | lamps, and semiconductors. 
water reactors used an alloy consisting | facility was 30 tons per year. Problems 

of 80% silver, 15% indium, and 5% | with the startup of the plant caused | SSS 
cadmium for nuclear control rods. This | production to be less than planned in | CURRENT RESEARCH 

use declined in the United States in the | 1989. TS 
early 1970’s when orders for new nu- In January, Johnson Matthey Plc., 
clear powerplants began to drop. Fol- | United Kingdom, purchased facilities In May 1989, space shuttle mission 
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STS-30 conducted experiments on pro- | to be used to send data via optical BACKGROUND 
ducing high-grade indium in a weight- | fibers and for satellite transmission. | —————~- SSS 
less environment. Indium Corp. of | Other HEMT applications under devel- io. oo, 
America supplied several indium rods | opment included collision-avoidance Definition, Grades, and Specifications 
for use in the Fluids Experiment Appa- | radar for cars and radar systems for Indium is silvery-white in color and 
ratus. In the process, an indium rod | smart weapons, which can discern a | has a brilliant metallic luster. It is softer 
was slowly moved through a heat | target’s shape though fog or smoke.® than lead, very ductile and malleable; 
source, which caused the impurities to hence, it is well suited for use in solders 
concentrate at one end of the rod, and low-melting alloys. It retains these 
resulting in a high-purity metal. The | CC‘ SCCCCSCSCSSCST,;:sép*zdiasstic-like properties to temperatures 
results of the study were being ana- | QUTLOOK near absolute zero. Indium does not 
lyzed. A similar experiment was ex- | —————___———————————_ | work harden, can endure considerable 
pected to be performed on STS-32 in deformation through compression, and 

January 1990.° | World reserves and anticipated in- | cold-welds easily. 
Several companies developed high- | creases in production capacity are suf- Some physical constants of pure in- 

speed indium phosphide computer | ficient to meet expected demand for | dium are chemical symbol In; atomic 
chips for data transmission. The chips | indium through 2000. Consumption of | number, 49; atomic weight, 114.82; melt- 
operate at speeds up to 250 billion | indium is expected to increase gradually | ing point, 156.61° C; boiling point, 
oscillations per second (GHz), com- | in this period, especially for LCD’s, | 2080° C; and density, 7.31 grams per 
pared to silicon materials, which usu- | semiconductor materials, and in low- | cubic centimeter at 20° C. Standard 
ally operate below 2 GHz. The chips | temperature solder for military and | grade is 99.97% purity, and high grades 
use High-Electron-Mobility-Transistors | commercial electronics. Other uses, | are available from 99.99% (4N) to 
(HEMT), in which the impurities are | such as nuclear control rods, which | 99.99999% (7N) purity. 
not in the regions in which the charge- | have a lifespan of 15 years, and fusible 
carrying electrons travel, resulting in | alloys should remain steady. Industry Structure 
faster speeds.’ The chips were expected | Arconium Specialty Alloys, Provi- 

TABLE 1 

U.S. IMPORTS FOR CONSUMPTION OF INDIUM,' BY CLASS AND COUNTRY 

1987 1988 | 19897 
Class and country Quantity Value Quantity Value Quantity Value 

(kilograms) (thousands) (kilograms) (thousands) (kilograms) (thousands) 

Unwrought and waste and scrap: 

Belgium 10,421 $1,994 8,957 $2,855 6,035 $2,544 
Bulgaria — — 17 76 — _— 

Canada 1,344 286 1,685 619 357 105 

China 4,596 933 3,378 542 2,444 629 

France 10,600 1,614 4,729 1,576 4,629 1,324 
Germany, Federal Republic of 273 102 439 111 2,931 485 

Hong Kong 466 144 — — 44 12 

Italy 5,745 1,121 7,490 2,553 2,150 604 
Japan 907 478 351 416 659 500 

Netherlands 1,442 219 1,771 182 1,109 313 

Peru 3,177 643 1,698 487 914 492 
U.S.S.R. — — — — 529 135 

United Kingdom 8,141 1,887 6,460 3,452 5,012 1,801 

Total 47,112 9,421 36,975 312,870 26,813 8,944 

Wrought: oO ee OO an 

China 11 17 3 11 — — 

Japan 43 61 719 34 — — 

United Kingdom 166 297 171 401 — — 

Other — — 822 69 — — 

Total 220 375 1,075 3516 — — 

' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable to those in 1987 and 1988. 

2 Beginning in 1989, only data for unwrought and waste and scrap are available. 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. ‘ | 
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TABLE 2 and North America because of in- | the crude indium from solution by ce- 
ESTIMATED WORLD INDIUM creased production in Japan and | mentation on aluminum or zinc sheets. 
REFINERY PRODUCTION AND | Planned expansions in the United Solvent extraction with organic solu- 
CAPACITY, DECEMBER 31, 1989 | States and Canada. The major world | tions was used to recover indium from 

refiners were: dilute solutions. Another method in- 
(Metric tons) volved the precipitation of indium 

Company —s—=~S=ésLocaation phosphate Selectively from slightly 
Production Capacity | Binion Metaalundustrie NV Netherlands acidic solutions and conversion to Ox- 

North America: Noe _ 1 ide by leaching in a strong caustic soda 
— Cominco Ltd. Canada : . 

Canada NA 30.0 | = _ | Solution, followed by reduction of the 
nited States!” Capper Pass Ltd. United Kingdom ide to metal. During the smelting of United States NA 30.0 Empresa Minera del OXxl e S ; & 

 Totalst*=<“—t*‘ts‘s‘“s;*é*dSCSSSC*«“C*«SOL Centro del Perd S.A. zinc concentrates, the indium concen- 
SouthAmericas Ss = | s Centromin-Peru) Peru trates in the zinc-lead bottom metal and 
peu 30 6.0 Metaleurop. ~~ Federal Republic | 3S separated from that portion by chlo- 
a of Germany rination under molten salt, forming an 

Furope; Do. France and Italy | indium-rich slag. Indium is recovered 
_ Belgium «i218. 25.0 MetallurgieHoboken- ~~ ~~—~S& «tom thee Slag by leaching and cementta- 
_France—( ssi 15.5 Overpelt Belgium tion on zinc or aluminum sheets. The 

German Democratic Mining andChemical = ~~ | indium deposits on the sheets as a 
__ Republic _ 3.0 Products Ltd. United Kingdom | low-density, sponge-like mass, which 

Germany, Federal Nippon Mining Co. Ltd. Japan breaks away and floats to the surface of | © 
__Republicof 5-0 15.5 | the solution. The indium sponge is 
_iltaly  t—(itstséi22«C 12.0 washed, briquetted, melted, and cast 
_ Netherlands 1.0 3.0 | Geology-Resources into anodes for electrolytic refining.’ | 

U.S.S.R. 6.0 15.0 Indium occurs predominantly in solid 
United Kingdom 3.0 6.0 | solution in sphalerite, but has been re- | Byproducts and Coproducts 
Total 58.0 95.0 | ported in other base-metal ores of cop- Domestically refined indium was a 

Asia: “1 per, lead, and tin. It is not known to | minor byproduct of processing base 
Ching tt—~™S 9.0 12.9 | Occur in the native state. The average | metal ores or zinc residues. The value 

~ Japan” 31.0 50.0 indium content of the Earth’s crust was of recovered indium was negligible in 
Tol —St—=<“Cs~Sst‘=S ODL estimated at 0.1 parts per million (ppm).” | relation to the value of zinc production. 
TS) S = _| The indium content of mined zinc depos- | Coproducts include tungsten, molyb- 

World total 115.0 223.0 . . . 
——_- > ———— | its ranged from 0 to 100 ppm. The | denun, silver, and tin. 

. NA Not available. . . . 
highest known indium occurrences are 
in vein, replacement, and contact meta- 

. somatic sulfide deposits, especially ' Federal Register. Office of the Secretary of Defense. 
dence, RI, and Indium Corp. of Amer- | those containing tin minerals. The in- | y. 54, No. 109, June 8, 1989, p. 24587. 

ica, Utica, NY, the only refiners of | dium contents of these deposits typi- ? Roskill Information Services Ltd. The Economics of 
indium in the United States, produce | cally range from 100 to 21,000 ppm. | Indium. 4th ed., 1987, 100 pp. | 

indium primarily from imported zinc | Deposits include the Central City Dis- * Lasers and Optronics. At RADC Hanscom, A Two- 
residues, low-grade indium bullion, | trict, CO, the Argentine Andes, the Pronged’ Approach. V. 8, No. 5, May 1989, pp. 26-28. 
and indium scrap. Arconium, Indium | Cornwall tin district in England, and Polyeryetelline ie Phat Valtaieg, Bro ar he 
Corp., and Johnson Matthey Electron- | the Mount Pleasant tin deposit in New | 21st 1EEE PV Specialists Conf., Kissimmee, FL, May 
ics produce high-purity indium shapes, | Brunswick, Canada.!° Because indium | 21-25, 1990, 9 pp. 
ingots, and foil. Metalspecialties Inc., | was frequently recovered as a byprod- ° Mining Journal (London). New Mine for Nippon. V. 

Fairfield, CT, and Powmet Inc., Rock- | uct of zinc, world indium reserves were | 312. No. 8009, Mar. 3, 1989, p. 167. 
ford, IL, occasionally recover indium | based on estimates of the average in- _ Materials Engineering. V. 106, June 1989, p. 14. 
from old scrap. | dium content of zinc ore for a particu- journal of Metals. V. 42, No. 1, Jan. 1990) p. 4. 

. . . . . . The Wall Street Journal (New York). Speeding Flow 

Because indium is primarily recov- | lar region. of Data with Indium Phosphide. Apr. 9, 1990, p. B1. 

ered from residues, slags, flue dusts, Hurlbut, C. S., Jn, and C. Klein. Manual of 
and intermediate compounds resulting | Technology Mineralogy. Wiley, 19th ed., 1977, pp. 123-124. 
from zinc smelting, world mine produc- '° Work cited in footnote 2. 
tion is inferred from the average indium Processing.—A variety of methods | "White, C. E. T. Indium: High Technology Metal. 
content of zinc ore mined. Canada is ; were employed to recover indium, de- ee ae mn Processes Inc. Metal Progress, 
the largest producer of zinc in the | pending on the source material and 1 PPE 
world, therefore, its mine production | indium content. Indium was primarily 
was believed to contain the largest | recovered as a byproduct of zinc proc- | OTHER SOURCES OF INFORMATION 
quantity of indium. essing. Among the more common 

Refining capacity was historically | methods of recovery were leaching the | Bureau of Mines Publications 
based in Europe. However, in recent | indium-containing material with sulfu- Indium. Ch. in Mineral Commodity 
years refining capacity shifted to Asia | ric or hydrochloric acid and extracting Summaries, annual. 
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Other Sources 

American Metal Market. 

Canadian Mining Journal. . 

Engineering and Mining Journal. 

Metal Bulletin (London). 

Metals Week. 
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By Phyllis A. Lyday 

Mrs. Lyday, a physical scientist with the Bureau of Mines, has been the commodity specialist for iodine for 11 years. 

Domestic survey data were prepared by Blanche Hughes, mineral data assistant, and international data tables were prepared 

by Peter Roetzel, international data assistant. | | 

hree producers of crude io- | goal remained at 2.6 million kilograms CONSUMPTION AND USES 

dine supplied approximately | (kg) (5.8 million pounds). Responsibil- | 2  ##@#@#@#@@—_—______ 

one-half of domestic démand; | ity for the NDS was transferred from 

the remainder was imported. | the Federal Emergency Management Iodine was used in animal feed sup- 

Because some exports and imports are in | Agency and the General Services Ad- | plements, catalysts, inks and colorants, 

product categories rather than crude | ministration to the Department of De- pharmaceutics, photographic equip- 

products, net imports are not clearly | fense (DOD) (Public Law 100-180). | ment, sanitary and industrial disinfec- 

developed. The major world producer, | Within DOD, the Defense Logistics | tants, stabilizers, and radiopaque me- 

Japan, produced iodine from brines as- | Agency (DLA) was to handle the buy- | dium. Other uses included production 

sociated with gas production. The sec- | ing, selling, and storing of NDS mate- | of high-purity metals, motor fuels, 10- 

ond largest producer, Chile, produced | rials. Executive Order 12626 designated | dized salt, and lubricants. 

iodine as a coproduct of sodium nitrate. | the Secretary of Defense as the Na- A major use of iodine is as a catalyst 

tional Defense Stockpile Manager. in the production of acetic acid by the 

The National Defense Authorization | Monsanto process. BP Chemicals Inc. 

| Act of 1989 (Public Law 100-456) au- | modified the process to coproduce ace- 

DOMESTIC DATA thorized the stockpile manager to dis- | tic acid and acetic anhydride. BP is the 

COVERAGE pose of 19 materials, including iodine, | second largest acetic acid producer with 

S| soddetermined to be in excess of stockpile | a capacity of 870,000 tons.” 

requirements. DLA announced that of- Uniroyal Chemical Inc. is a major 

Domestic production data for iodine | fers for the purchase of iodine would be | consumer of iodine for use as an oxi- 

are developed by the Bureau of Mines | considered during fiscal year 1989. At | dizer in the production of rubber chem- 

from a voluntary survey of U.S. opera- | yearend 1988, 200,000 pounds was dis- | icals and elastomers with joint ventures 

tions. Of the four operations to which a | posed of, leaving 137,657 kgs (303,482 in Brazil, India, Korea, and Mexico. 

survey request was sent, three responded, | pounds) in excess of the goal at yearend Uniroyal Chemical Co. was purchased 

representing an estimated 55% of the | 1989 that was valued at $2.4 million or | with $240 million cash and $560 mil- 

total production shown in table 5. | $17.24 per kg ($7.82 per pound). lion as assumed debt in a leverage 

buyout by a management led team.* 
Ecolab Inc., a major consumer of 

iodine for use in cleaning products, 

LEGISLATION AND ‘PRODUCTION sold Henkel KGaA, its West German 

GOVERNMENT PROGRAMS |... counterpart, an 11.8% voting interest 

oo in preferred stock for $110 million.* 
IoChem Corp., located 2 miles east of GAF Corp. is a major consumer of 

The Food and Drug Administration | Vici, OK, produced iodine by the | pyrrolidone-base chemicals that can be 

extended the provisional listing for Red | blowing-out process. IoChem expanded | used as an environmentally safe cleaning 

Dye No. 3, erythrosine containing 58% | capacity from about 1 million pounds | solvent replacing chlorofluorocarbons.° 

iodine by weight, until January 29, | per year to about 4 million pounds per Eastman Kodak Co., a major con- 

1990, for cosmetic uses.’ year. North American Brine Resources | sumer of iodine in photographic uses, 

operated two miniplants at Dover and | formed a new business unit, Eastman 

Hennessey in Kingfisher County, OK. | Fine Chemicals, that included Sterling 

si The plants were at oil field reinjection | Organic external chemical sales busi- 

STRATEGIC disposal sites where iodine concentra- | ness and sections of Eastman Chemi- 

CONSIDERATIONS tions ranged up to 1,200 parts per million | cals specialty organic operations.° 

| (ppm). The company completed a new Mallinckrodt Inc., a subsidiary of 

$5 million plant in Harper County. | International Minerals & Chemical 

The National Defense Stockpile | Woodward Iodine Corp., a subsidiary of | Corp., began marketing a nonionic 

(NDS) contained 6.1 million pounds of | Asahi Glass Co. of Japan, produced | contrast medium for radiology and car- 

crude iodine valued at $54 million in | iodine from brines using the blowing-out | diology X-ray procedures. The United 

inventory at yearend. The stockpile | process. States market for X-ray contrast media 
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is about $500 million annually. The TABLE 1 

worldwide market was more than twice U.S. CONSUMPTION OF CRUDE IODINE, BY PRODUCT 
the U.S. market.’ 

Ceralure, an iodine-containing lure | ———- _---,-__AW 
for the Mediterranean fruit flies, devel- —___1788_ 8 oped by the US. Department of Agri- Product Number Consumption Number Consumption 

| : of (thousand of (thousand culture, may replace the use of helicop- plants kilograms) plants kilograms) 
ter sprays.® Reported consumption. eported consumption: 

Resublimed iodine 7 86 7 143 

I Hydriodic acid 4 42 3 49 

PRICES Calcium iodate () (’) (7) (7) 

Calcium iodide (') (’) 3 119 

The average declared c.i.f. value for | __Cuprous iodide () () 3 15 
imported crude iodine was $17.68 per Potassium iodide | 7 886 6 829 
kg ($8.05 per pound). The average de- Potassium iodate (') QC 5 56 
clared c.i.f. value for imported crude Sodium iodide 5 177 4 46 
iodine from Japan averaged $17.64 per Other inorganic compounds 13 1,027 14 821 
kg ($8.00 per pound). The average de- | “ Ethylenediamine dihydroiodide _ 5 390 4 398 
clared c.1.f. value for iodine imported ~ Other organic compounds 10 745 8 426 
from Chie was $18.01 per kg ($8.17 Tol SOC 3853 331 3902 

e Quoted yearend U.S. prices for io- Apparent consumption KAKA 
| dine and its primary compounds are "cluded in “Other organic compounds.” 

shown in table 2. 2 Included with calcium iodide for 1989. 
3 Nonadditive total because some plants produce more than one product. 

FOREIGN TRADE TABLE 2 

: YEAREND 1989 PUBLISHED PRICES OF ELEMENTAL IODINE 
The U.S. Government adopted the AND SELECTED COMPOUNDS 

Harmonized Commodity Description 
and Coding System (Harmonized Sys- | Dollars per Dollars per 
tem) as the basis for its export and kilogram! pound! 
import tariff and statistical classifica- | Calcium iodate, FCC drums, f.o.b. works $16.42 $7.44 
tion systems. The system is intended for | Calcium iodide, 50-kilogram drums, f.0.b. works 23.65- 25.65 12.07- 11.62 
multinational use as a basis for classi- | Iodine, crude, drums 19.00- 20.00 8.61- 9.06 
fying commodities in international | Jodoform, N.F., 300-pound drums, f.0.b. works 24.00 10.82 
trade for tariff, statistical, and trans- Potassium iodide, U.S.P., drums, 5,000-pound lots, delivered 9,15. ~~ 4«4<4 
portation purposes. The Harmonized lone, USP ©... 47990 7-79 

stem as Proposed includes resub- | sodium iodide, USP. crystals, 5,000-pound lots drums, —=~S~*~*~S 
. freight equalized 10.15 4.60 

code, and the duty rate 1s free. ' Conditions of final preparation, transportation, quantities, and qualities not stated are subject to negotiations and/or somewhat 

different price quotations. 

ae Source: Chemical Marketing Reporter. V. 237, No. 1, Dec. 29, 1989, pp. 32-39. 

WORLD REVIEW 

mum quantity of product that can be | rated capacity as reported by the com- 
The World Health Organization, | produced in a period of time on a pany, by another government agency, 

headquartered in Geneva, Switzerland, | normally sustainable long-term operat- | or another published source. 
published “Guidelines for Iodine Pro- | ing rate, based on the physical equip- 
phylaxis following Nuclear Accidents” | ment of the plant, and given acceptable | Chile 
(EH-35). The guidelines were a result | routine operating procedures involving Sociedad Quimica y Minera de Chile 
of experience gained from the Cherno- | labor, energy, materials, and mainte- (SOQUIMICH) was the largest pro- 
byl nuclear accident that exposed pop- | nance. Capacity includes both operat- | ducer of iodine in Chile. The Maria 
ulation groups to radioactive iodine. ing plants and plants temporarily | Elena and Pedro de Valdivia plants 

; closed that in the judgment of the | produced iodine, sodium nitrate, po- 
Capacity author can be brought into production | tassium nitrate, and sodium sulfate. 

The data in table 4 are rated capacity | within a short period of time with SOQUIMICH continued to operate a 
for plants as of December 31, 1989. | minimum capital expenditure. plant at Puelma. SOQUIMICH had a 
Rated capacity is defined as the maxi- Mine capacity for iodine is based on | joint venture with Israel Chemicals 

516 IODINE MINERALS YEARBOOK—1989



TABLE 3 | near Huara in the Iquiqui region.'? 

U.S. IMPORTS FOR CONSUMPTION OF CRUDE IODINE, Compania Minera Sierras de Tarapaca 
BY TYPE AND COUNTRY began production of iodine at the San 

Pedro plant 37 kilometers east of Pozo 
(Thousand kilograms and thousand dollars) Almonte, Tarapaca. The plant cost $2 

| million and had a 360 tons per year of 
Country 1988 1989 capacity. 4 Banco Bilbao Vizcaya S.A., 

Quantity Value ! Quantity Value! | Spain, announced a $19.2 million io- 
lodine, crude: dine recovery facility to be built on 
Belgium tst—<“isC*”S 11 56 30 545 | 1,184 hectares of land purchased for 
Canadat(‘é;S; OO! @) 5 @) g | $14 million from Cia Minera Gran 

Chie 79) 13,828 1,014 18.293 | Lamarugal S.A. The plant planned to 
“Germany, Federal Republic of _ _ °) | produce 4,750 tons of iodine the first 
Se 10 years with production destined for 
Japan 450 7,812 2,251 39,791 | markets in Europe.!° Compania Min- 
Mexico — — 13 178 | era del Alba operated a small plant at 

_Sweden — — () 13 | Salar de Lagunas. 
United Kingdom 2 43 — — 

Total 31,255 21,944 3,309 58,795 | Indonesia 
lodide, potassium: The only producer of crude iodine 

Germany, Federal Republic of (@) 6 1 28 | was the state-owned pharmaceutical 
Indasti‘(i‘sOCOS*é*~™” 28 478 7 121 fir m, P. T. Kimia Far ma, that operated 

“faly  ttstS~CSS 3 il 9 3; | 4 plant at Watudakon near Mojokerto, 
“JapanOOtC~CSSSSSS 2) 10 _ __ | East Java. 

Sweden (7) 3 — — | Japan : 

_Switzerland _ _ ©) > Production of iodine was from un- 
_United Kingdom __138 oo ___— | derground brines associated with natu- 

Total *34 646 17 185 | ral gas. Japan was the world’s leading 
lodine, resublimed: producer of iodine in 1989. Six compa- 

Canada (7) 2 NA NA | nies operated 17 plants with a total 

| Finland (7) 3 NA NA | production capacity of 20 million 

Germany, Federal Republic of (7) 1 NA NA | pounds per year. 

Japan 1,969 33,326 NA NA ; ; 
Total 31,969 33,332 NA na | United Kingdom 
Grand total 3,258 55,912 3,326 38,980 | . Lhornton Processing Ltd., Brad- | 

OS rshOwvOOOODDDOOOOom | ford, reported that during 1988 more 
NA Not avaliable because a change in reporting format; crude and resublimed iodine are now one category. 

'Declared c.i.f. valuation. 
*Less than 1/2 unit. | 
3 Data may not add to totals shown because of independent rounding. TABLE 4 

Source: Bureau of the Census. Ww ORLD I ODINE ANNU AL 

PRODUCTION CAPACITY,’ 
DECEMBER 31, 1989 

Ltd. named Compania Quimica Inter- | (ACF Minera), a joint venture of the RATED CAPACITY2 
nacional de Desarrollo (IDC Co.) ded- | Sociedad Contractual Minera Lagunas 
icated to research and development in | and the Amsterdam Pharmaceutical (Thousand kilograms) 
the inorganic chemicals and fertilizers.” | Co. of the Netherlands. ACF Minera : 

North Lily Mining Co. of the United | was operating a plant originally built Country Capacity 

States formed a joint venture, named | by Minera Lagunas. The plant had | North America: United States 1,200 
Taltal Joint Venture, with Zurfund In- | been expanded with a $3 million invest- | south America: Chile 3,800 
ternational Ltd., Canada, to mine io- | ment. The crude product was shipped | Europe: US.S.R. _ 2,000 
dine. North Lily will operate the de- | to the Netherlands for use by the pro- | 453. t—i(‘s™SCS™S 
posit known as the Yolanda Project | ducing company rather than for an China 500 
through Minera Northern Resources, a | open market.!! Cia Minera Chilbras, a | —————_______ 

- : eye ee Indonesia 4 
wholly owned subsidiary. Davey McKee | Chilean-Brazilian joint venture, pro- | ——2———H———_- 
Corp. was retained by the Taltal Joint | duced iodine from nitrate deposits in | _J@P€87 === _7, 000 
Venture to undertake a feasibility study | the Salar de Bellavista.!2 The Merck | Total _ 7, 600 
of the Yolanda Project.'° Pharmaceutical Co. of the Federal Re- | ___Worldtotal 15,000 

Other companies active in iodine | public of Germany was involved in a | | Actual capacity limited by brine supply. 
production in Chile included Amster- | project to produce between 4 to 5 tons | yawn plants as well’ as at plants on 
dam Chemical Pharmaceutical Minera per year of iodine from nitrate tailings 3 Data do not add total shown because of independent rounding. 
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than $2 million worth of iodine was | space are superior to Earth-grown crys- | Miocene age, Monterey Formation, 
recovered at the Caledonia plant from | tals for some applications.!? and the lower Pliocene age Repetto 
industrial residues, principally those Formation. Louisiana brines contain 
generated from growing sodium iodide about 35 ppm of iodine. In Oklahoma, 

crystals. OUTLOOK iodine concentrations associated with 
—_ —————— | oil and gas range between 150 to 1,200 

ppm. In Woodward County, OK, the 

CURRENT RESEARCH Iodine production capacity in the | iodine occurs in the Morrowan Forma- 
A= | United States and Chile has doubled | tion of Pennsylvania age. 

| during the past decade, ensuring an Extensive 1odine-bearing nitrate ores 
Because of their reaction with metals | adequate world supply. Uses for iodine | occur in caliche deposits in a belt sev- 

in the presence of water, alkyl halides | in specialty chemicals has remained sta- | eral hundred kilometers long in the 
may find use in metal recovery and | ble. New processes have decreased the | Atacama Desert of northern Chile. The 
refining and methyl iodide in metallur- | amount of iodine while demand has | ore layers are 1 to 3 meters thick, 

gical processing. Because algae serve as | increased. For example, a patent was | usually flat or gently dipping and near 
a major source of environmentally oc- | obtained that required less iodine to | the surface. Evaporate minerals such as 
curring methyl iodide, a microorgan- | provide the same sanitizing ability. lautarite (Cal,O,) and _ dietzeite 
ism approach in the metallurgical proc- (2CaOrI,0,°CrO;) occur as cementing 

ess could be possible in the future.'® material in unconsolidated surface ma- 
When natural rubber, a polymer, is BACKGROUND | terial or as veins and impregnations in 

treated with iodine, it becomes 10 or- | —_-- ee SS—COFSC—SsSCSCSCtCSCSCSSSS |. belo... 
ders of magnitude more highly con- a Japanese brines contain 50 to 135 
ducting than native rubber. If further | Definitions, Grades, and ppm of iodine in the Kiwada, Otadai, 
research can improve the conductivity, | Specifications and Umegase Formations of the Ka- 
then commercial applications could be Commercial crude iodine normally | zusa Group of Pliocene age. The major 
possible. !” has a minimum purity of 99.5%. Resub- | iodine-producing area was the southern 

A researcher with Nippon Steel | limed iodine is usually 99.9% purity. | Kanto Gasfield, which extends over 
Corp., Japan, used a catalyst of cad- | Most iodine is converted for industrial | Chiba, Tokyo, and Kanagawa Prefec- 
mium and cesium iodides to make liq- | use to potassium iodide, sodium iodide, | tures. Iodine was produced in the Nii- 
uid crystalline polyesters that could be | and other inorganic compounds, as well | gata and Nakojo Gasfields in Niigata 
used in magnetic recording tapes, di- | as numerous organic compounds.” Prefecture, on the Sea of Japan side of 
electrics in capacitors, and thermal central Japan, and the Sadowara Gas- 
printer ribbons.!® Geology-Resources field in Miyazaki Prefecture, southern 

Three experiments to grow lead iodine Iodine occurs in rocks and soils, | Kyushu. 
crystals were completed during a Na- | surface and underground brines, and in In Indonesia, iodine occurs with 
tional Aeronautics and Space Adminis- | caliche ores. Michigan brines contain | trace amounts of bromine in brines 
tration’s Discovery space shuttle flight of | about 30 parts per million (ppm) of | associated with oil. The most impor- 
September 1988. Lead iodide crystals are | iodine in the Sylvania Formation of | tant iodine-producing area is the Gu- 
used as image intensifiers for X-ray and | Devonian age. California brines con- | jangon anticline of sandstone and di- 
gamma-ray films. Larger crystals would | tain 30 to 70 ppm of iodine in brines | atomaceous marls of the Upper 
produce better films. Crystals grown in | associated with oilfields in the middle | Pliocene, Kailiberg Formation. 

TABLE 5 

CRUDE IODINE: WORLD PRODUCTION, BY COUNTRY’! 

(Kilograms) | 

Country® 98S 8G 98F BP 88 
Chile 3,020,000 3,076,000 3,115,000 4,035,000 4,000,000 

China‘ 500,000 500,000 500,000 500,000 500,000 

Indonesia 13,000 6,000 8,000 10,000 *14,000 

Japan 7,251,000 7,389,000 7,014,000 7,451,000 7,600,000 

U.S.S.R.° 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 

United States W W WwW 998,000 31,508,000 

Total 412,784,000 412,971,000 412,637,000 14,994,000 15,622,000 

'Table includes data available through May 30, 1990. 

In addition to the countries listed, New Zealand also produces elemental iodine, but data are not available and available information is inadequate for formulation of reliable estimates of output levels. 

3 Reported figure. 

* Excludes U.S. production. 
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On Okinawa, iodine occurs in con- | eludes iodine as sodium iodide. Iodide | equate supply tends to stabilize the price. 

centrations of about 85 ppm in the | is precipitated under acid. 

Tomigusuku Formation of the Shima- Japanese plants also use an ion- Costs.—Electrical costs for main- 

jiri Group of late Miocene-early Pleis- | exchange resin. Upon saturation, the | taining the pumps to bring the brine to 

tocene age. iodine is eluted using a caustic solution | the surface, for air-blowing the iodine, 

that regenerates the resin. Iodine is then | and for reinjecting the brine are major 

Technology processed with a sodium chloride solu- | components of maintenance costs. 

In the United States and Japan, io- | tion and melted under acid. Capital costs have been estimated at 

dine is removed from brines by proc- Chilean caliche deposits are mined | $20 per pound of annual iodine pro- 

esses that separate the brines from any | by open pit methods. The ore is leached | duction. These costs include high- 

associated oil or gas. In the blowing- | with an alkaline solution to dissolve the quality stainless steels because iodine is 

out process, brine is acidified and io- | iodine as sodium iodate, which is con- | highly corrosive. In addition, the brine 

dine is liberated by reducing the pH to | verted to sodium iodide. Iodine is pre- | must be leased from private landowners 

about 3. A countercurrent stream of air | cipitated by reacting with additional | over large acreage for many years. The 

transports the liberated iodine toa sec- | alkaline solution. The precipitated io- principal material cost is for chlorine 

ond tower in which the iodine is ab- | dine is filtered in bag filters and the | because 1 pound is required for every 

sorbed by a solution of hydriodic acid. | iodine free-leach solution is returned to | 1.4 to 1.8 pounds of iodine produced. 

The iodine settles, is filtered, and | the nitrate-leaching cycle. 

: melted under concentrated acid. Brine Taxes.—Crude and resublimed iodine 

stripped of iodine is treated and then | Economic Factors enter the United States duty free. Cal- 

reinjected into its subsurface formation cium and cuprous iodine has a 25% ad 

of origin. Prices. —Changes in the official price | valorem for non-most-favored-nation 

In the absorption process, brine is | of crude iodine have in the past been | status. Potassium iodide has a 2.8% ad 

passed through an absorber and the | initiated during shortages. Because io- valorem for most-favored-nation status 

waste brine is neutralized and sent to a | dine cannot be substituted in radio- | and 7.5% ad valorem for non-most- . 

disposal well. The absorbent laden with | paque, animal feeds, catalysts, and sta- | favored-nation status. 

iodine is treated with an alkaline solu- | bilizers readily, shortages tend to cause | 

tion to regenerate the absorbent and | the accumulation of inventories. An ad- Depletion Provisions.—The domes- 

| tic and foreign depletion allowances for 
iodine are 14% of gross income, and 

TABLE 6 they may not exceed 50% of net income 

TIME-PRICE RELATIONSHIPS FOR CRUDE IODINE without the depletion deduction. 

—_____—______ | Operating Factors 
Average annual c.i.f.' value, Average annual c.i.f.' value, 

Year dollars per pound . dollars per kilogram Envi ‘al R . / Th 

Actual price Based on constant Actual price Based on constant . n vir onmenta equir emen S.— : e 

1988 dollars 1988 dollars reinjection of waste brine is a limiting 

70. 0 445C(“<s=i‘i‘Csts‘;OUSZ;CSSOSC*C“‘(‘“‘(#(( WO CSCDO”~™”””””:CS*WCBN factor to the production of iodine. Dur- 

71. 44«S8~—~<CSst‘is=StstC‘Cst‘CstCSSBD—( ”S~<Cs~sti‘«é«~S*S]SSSSS~<CS~s~‘za ing 1982, the Environmental Protection 

192A Bt‘“‘is‘“S*S*”*CSZSNSC“‘CONNNNCNCOC(‘(‘(C(SSN NOW” Agency (EPA) reclassified disposal 

io} Lp SOS~S~S wells for spent brine after halogen ex- 

MOMS I" ____ | traction as Class 5 wells. All of the 

74 86 BT} reinjection wells for iodine in Okla- 

975 4B | homaa were drilled for the reinjection of 

1976 2.13 4.09 4.70 4.09 waste associated with brine production 

1977 1.05 3.69 2.31 3.69 or oil and gas effluent. 

1978 2.21 3.71 4.87 3.71 

1979 3.37 5.20 7.43 5.20 Toxicity.—Iodine is absorbed by the 

1980 4.72 6.68 10.41 6.68 body and concentrated in the thyroid. 

181 603. 913.29 | 7.98) Iodine is essential to higher animals 

132. 597.”~<“‘O‘CONN COWH”!”!vUOUMO60U0U!U!U!}!UUUUUOUT24 and humans. A normal person requires 

1983 5.57 6.50 12.28 6.50 about 75 mg of iodine per year, which 
A708 EEE _____ | is usually consumed as iodized salt that 
1984 4.90 5.50 10.80 5.50 : . . 

RMR IEEE ~"_____ | contains | part sodium or potassium 

w9ss 5388 BB BH iodide to 100,000 parts of sodium chlo- 

1986 568 SS S| ride. Iodine deficiency is a major cause | — 
1987 6.92 7.15 15.26 7.15 of goiter.~' 

1988 7.92 7.92 17.46 7.92 The maximum safe concentration for 

1989 7.70 7.70 16.98 7.70 short-term air environment exposure of 

' Cost, insurance, and freight charges for imported iodine. up to 1 hour is 1.0 ppm. Exposure of 

Source: Bureau of the Census. the lungs and eyes Can be irritating at 
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concentrations of 0.1 ppm and should 1989, p. 7. ’ Borman, S. Alternate Theories of Conductivity in 

be avoided. Greater exposure can cause | _°Furopean Chemical News. Eastman Rejigs Fine Non omdusate’ 10. Toso ae Chem. & Eng. 
severe irritations to the eyes and the Chemicals Division. V. 52, No. 1365, 1989, p. 28. il We 905 NO. 175 » PP. 99-9. 

: 7 Chemical Marketing Reporter. Mallinckrodt Begins Stinson, S. New Monomers Offer Better Thermo- respiratory tract and may lead to pul- | ___ _ plastics. Chem. & Eng. News, v. 68, No. 2, 1990, pp. monary e dema. Selling Nontonic Agent. V. 235, No. 23, 1989, p. 13. 29-30, 
In 1979 and 1986, nuclear accidents "Chemical and Engineering News. Meeting Briefs '°Haggin, J. Lead Iodide Crystals Studied in Space. 

caused the release of radioactive io- From Pacifichem ’89: New Medfly Lure Lasts Longer. V. | Chem. & Eng. News, v. 67, No. 39, 1989, pp. 38-39. 

dine, I'3!. into the atmosphere. Inges- 68, No. 2, 1989, p. 37. *°Lyday, P. A. Iodine and Iodine Compounds. UIl- 
. ; : a, . ” Chemical Marketing Reporter. Chile’s SQM Sets the | man’s Encyclopedia of Industrial Chemistry VCH Ver- 

tion of potassium iodide, KI, can re- Stage for ’90’s Growth. V. 236, No. 7, 1989, pp. 7, | lagsgesellschaft Mbh, 1989, (Federal Republic of Ger- 
duce the amount of radiation absorbed | 18-20. many). V. A 14. 1989, pp. 381-391. 
by the thyroid gland.?2 ‘Mining Magazine. Panorama: Chile-Taltal Joint *' Work cited in footnote 21. 

Venture: A New Nitrate and Iodine Project. V. 162, No. Federal Register Federal Emergency Management 
4, 1990, pp. 238-239. Agency: Federal Policy on Distribution of Potassium 

1 Chemical Marketing Reporter. D.C. Currents: Red "Crozier, R. D. The Chilean Economy 1987-88. lodide Around Nuclear Power Sites for Use as a Thyroid 

Dye No. 3 Extended. V. 236, No. 21, 1989, p. 7. Indus. Min. (London). No. 262, 1989, pp. 51, 53, 55-56, | Blocking Agent. V. 50, No. 119, June 20, 1985, pp. 
? Acetic Acid Gets Back on Track. Chem. Week. V. | 59-60, 65. 25624-25625. 

145, No. 4, 1989, pp. 34-35. ‘Work cited in footnote 11. OTHER SOURCES OF INFORMATION 
> Kiesche, E. S. After Four Years of Limbo, Uniroyal '> Work cited in footnote 11. 

Takes the Wheel. Chem. Week, v. 145, No. 24, 1989, pp. 14 Industrial Minerals (London). Mineral Notes: New Bureau of Mines Publications 
24-26. Iodine Plant in Chile. No. 265, 1989, p. 91. : 

“Chemical Marketing Reporter. Chemlawn Write- 'S' Work cited in footnote 14. , Minerals Facts and Problems. 
down For Ecolab. V. 236, No. 35, 1989, pp. 7, 22. '© Thayer, J. S. React Metals, Organic Halides, and Iodine Ch. in Minerals Yearbook, 
>. GAF Eyes New Markets. V. 236, No. 16, —Water!?! ChemTech, v. 20, No. 3, 1990, pp. 188-191. annual. 
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| By Peter H. Kuck and Cheryl M. Cvetic 

Dr. Kuck has been the commodity specialist for iron ore since 1986. Ms. Cvetic joined the Bureau of Mines in 1988 and 
has a background in geology and international business. The domestic survey data were compiled and analyzed by Sarah P. 

Guerrino, Chief of the Ferrous Data Section. The world production table was prepared by Peter J. Roetzel in the International 

Data Section. 

cursory glance at the salient | ——-~7—__—___ __—__——_ | US. trade strategy. This comprehensive 

statistics in table 1 suggests | DOMESTIC DATA act, included among other items, provi- 
that the domestic iron ore in- | COVERAGE sions modifying U.S. customs laws and 

dustry made little headway in | —-----____| tariff schedules. Subtitle B of the new law 

1989. In actuality, dramatic technological , requires that all tariff schedules after 

changes occurred that will have far- | , U-S: Production data for iron ore are | January 1, 1989, conform to the nomen- 
a developed by the Bureau of Mines from : ; 

reaching effects on the entire iron and clature of the internationally established 
; two separate voluntary surveys of domes- | yy zed Svstem— bal svst f 

steel sector in both North America and | ,. «6 D cae armonized system—a glo al System O 
tic operations. The annual “Iron Ore” sur lassif d f ff pur 

the rest of the world. classifying products for tariff purposes 
., | vey (1066-A) provides the basic data used | that had been adopted earlier by man 

The United States produced 59.03 mil- | ;.. 44; | ple y y 
in this report. Of 31 addressees to whom | maior trading countries 

lion metric tons (Mmt) of usable iron ore | the 1066-A form was sent. 30 responded J 8 
5 ponded, The new law restructured both the im- 

during the year. Although the tonnage | representing 99.99% of total production fi nati presenung 77.77 70 Dp port and export classification systems. 
was only slightly more than that of 1988, | chown in tables 1 through 4. Production Ping tinn 3 
sionificant improvements were made in fl 4. The new schedule B classification is now 

ei t qualit P For the first time. fluxed for nonrespondents to the annual survey | based on the organizational framework 
let qualty. ted f hanonethird | Con be estimated from monthly surveys | of the Harmonized Tariff Schedule of the 
yr “ts duction Tl or dort sally fl r 4 (1066-M), from railroad reports, or from | United States (HTSUS). That is, equiva- 
of production. Fluxed or partially luxe reported production levels in prior years. | lent import and export items are assigned 

pellets were being made at six of the Na- | This information may be supplemented | the same 10-digit classification code. In 
tion’s nine active taconite plants. A 10th | by employment data, mine-inspection | the case of iron ore, seven subheadings 
plant, the E.W. Davis Works at Silver | reports, and information from consumers. | replaced the two less definitive ones in use 
Bay, MN, was reactivated in December, | Data on consumption and stocks of | since September 1963. 
but did not begin producing pellets until | iron ore and agglomerates at iron and Various Executive and Congressional 
January 27, 1990. steel plants were provided by the Ameri- | mandates have directed that all Federal 

Mine shipments of pellets, concen- | can Iron Ore Association (AIOA). AIOA | Agencies convert their statistics to the In- 

trates, and direct shipping ore totaled | also provided data on ore shipments from | ternational System of Units in a timely 

58.30 Mmt, again an amount only slight- | loading docks on the upper Great Lakes | manner. The principal regulations 

ly higher than that of 1988. Combined | as well as receipts at transfer docks and governing the conversion are contained 

USS. imports of ore, concentrates, and ag- | furnace yards nationwide. The dock and | in the Metric Conversion Act of 1975 

glomerates decreased 3% to 19.60 Mmt, | steel plant data were compiled jointly by | (Public Law 94-168), as amended in 1988 
with Brazil and Venezuela gaining mar- | AIOA and the American Iron and Steel | (Public Law 100-418). All of the iron ore 
ket share at the expense of Australia and | Institute (AISI). Data on consumption of | trade statistics collected by the Bureau of 
Canada. Exports, in contrast, have been | iron ore for nonsteel end uses were com- | the Census are now being compiled and 
slowly creeping upward since 1985. Vir- piled from information gathered from published In metric units. The Bureau of 

tually all of the 5.37 Mmt exported in | other Bureau surveys. Mines also has begun publishing its statis- 
1989 went to Canadian steel companies Hon an ere promucen and consemp 
that hold equities in U.S. taconite proj- | ,; 

ects. Consumption of iron ore by the iron LEGISLATION AND 7084907 ns to long tons, multiply by 

and steel industry rose slightly between | GOVERNMENT PROGRAMS | ~- 
1988 and 1989 to 73.06 Mmt. Pig iron 

production was 50.69 Mmt, virtually the | Congress enacted the Omnibus Trade 
same as in 1988, for an average output | and Competitiveness Act (Public Law EMPLOYMENT 

of 4.22 Mmt per month. On December | 100-418) on August 23, 1988, to enhance 
31, 48 blast furnaces were in operation, | the competitiveness of the Nation’s indus- Statistics on employment and produc- 
2 less than at the end of 1988. tries and to improve the management of | tivity in the U.S. iron ore industry in 
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| FIGURE 1 

U.S. IRON ORE PRODUCTION AND IMPORTS FOR CONSUMPTION 
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1989, shown in table 2, were derived from | calculated productivity by 10% to 25% | to fluxed pellet production or making 
quarterly employment data supplied by | for some operations, but its effect on | other major technological improvements. 
the Mine Safety and Health Adminstra- | others is not known. If company report- | The conversion to fluxed pellets adversely 
tion (MSHA) and from production data | ing practice is consistent, however, com- | affected productivity because pelletizing 
derived from Bureau of Mines surveys. | parison of productivity from one year to | lines and grinding lines had to be shut 
Both sets of data were obtained from | the next should be reasonably valid. down so that existing equipment could be 
producers’ reports. Average quarterly employment was | modified and new equipment installed. 

The statistics include production work- | 10% more than that of 1988, with at | As a result, operating parameters and | 
ers employed at mines, concentrators, | least two mine operators calling back laid | procedures had to be readjusted. The 
pelletizing plants, and in repair and main- | off workers to meet increased pellet de- | switchover at the Tilden Mine from 
tenance shops, but do not include 798 | mand from domestic steel producers and | hematite to magnetite also helped to tem- 
persons engaged in management, re- | start up idled capacity. The additional | porarily lower productivity. Consequent- 
search, or officework at mines and plants. | personnel enabled the iron ore industry | ly, average productivity for usable ore in 
Employees engaged in ore preparation, | to boost its output of usable ore by 3%. | the Lake Superior District was 7.4% 
such as sintering, at blast furnace sites are | The relatively small gain in output is | lower than that of 1988. Because the dis- 
not included. An additional 140 individu- | somewhat misleading because 214 pro- | trict accounts for the bulk of U.S. output, 
als were engaged in the secondary | duction workers were recalled during the | the average productivity for the entire in- 
beneficiation of iron ore for heavy media | last quarter of 1989 to help renovate the | dustry dropped 6.9%. 
and other nonsteel uses. idled operations at Silver Bay and Babbitt, 

Because employment data reported to | MN. 
MSHA are primarily for safety analysis, Total hours worked rose 10% because PRODUCTION 
hours spent by salaried employees in | of the renovation project, the recalls, and | ———————_- >> 
mines or plants may be included by | increased level of production. The in- 
operators in the total number of hours | crease in demand came at a time when The outlook for the domestic iron ore 
worked at individual mines or plants. | at least three operations in the Lake Su- | industry has changed dramatically since 
This has resulted in understatement of | perior District had begun switching over | the disastrous summer of 1986 when 
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FIGURE 2 | 

EMPLOYMENT AT IRON MINES AND BENEFICIATING PLANTS 
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monthly pellet production dropped below | considerable improvement over that of | capacity. Only five of the nine operation- 
the 3.5-Mmt level. At that time, USX | 1987 and 1986, when the utilization fac- | al pelletizing plants utilized more than 
Corp. was shut down by a nationwide | tors were 55% and 46%, respectively. | 85% of their installed capacities, despite 
work stoppage, and LTV Corp. had just | Secondary factors contributing to the | the upswing in demand since 1987. 
filed for reorganization under chapter 11 | 1988-89 turnaround were the weak U.S. An average of 3.2 tons of crude ore 
of the Federal Bankruptcy Code. | dollar, which made the importation of | was mined in 1989 for each ton of usable 
However, by reducing costs, recapitaliz- | some steels less attractive and increased | ore produced. This ratio does not take 
ing, adopting new technologies, and im- | exports of goods fabricated from steel; | into account the tonnage of waste rock 
proving pellet quality, the iron ore | higher prices for quality steel scrap; in- | or overburden removed. The ratio of total 
industry extricated itself from a difficult | creased demand for steel worldwide; and | materials mined to usable ore produced 
situation that skirted total economic col- | the Federal Voluntary Restraint Ar- | was probably greater than 5:1. Low-grade 
lapse. A strengthening of demand for | rangements program, which reduced steel | ores of the taconite type mined in Michi- 

finished steel products in the wake of | imports to a little more than 20% of the | gan and Minnesota accounted for 99% 
these improvements caused domestic iron | U.S. market. of total crude ore production. U.S. pro- 
ore shipments to jump 36% between Iron ore was produced by 20 open pit | duction of pellets totaled almost 57 Mmt, 
1986 and 1988. Ore sales continued to | mines and 1 underground mine. Fourteen | 97% of usable ore output. The average 
improve in 1989, with shipments reach- | mines produced ore for the iron and steel | iron content of usable ore produced was 
ing 58.30 Mmt, the highest level since | industry, while the remainder shipped ore | 63.4%. 
1981. Two taconite operations, the Em- | mainly to cement plants. Installed pro- The iron ore industry of the United 
pire and Minorca Mines, set new records | duction capacity for usable ore at yearend | States and Canada had finally begun 
for pellet production in 1989. Total out- | was estimated at 83 Mmt per year, in- | to untangle itself from the web of finan- 
put of usable ore was equivalent to about | cluding 79 Mmt of capacity for pellets. | cial problems created by the collapse of 
71% of installed production capacity on | Effective production capacity for pellets | steel demand in 1985 and 1986. This col- 
January 1, 1989. This percentage was a | was at least 12 Mmt less than installed | lapse accelerated the reduction of U.S. 
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_ | steelmaking capacity, which started in | equity transfer left each company witha | Mesabi Range, operated at full capacity 
1978, and triggered a major restructur- | 25% interest in Empire, which had the | for most of the year. About 70% of the 
ing of the iron ore and steel industries on | capacity to produce 8.1 Mmt per year of | production was railed on the Burlington 
both sides of the border. Since 1986, the | fluxed pellets. Other partners in the mine | Northern to the Allouez Terminal at 
two industries have introduced major | were Inland Steel Co. (40%) and | Superior, WI, and later loaded onto ves- 
changes aimed at lowering operating | Wheeling-Pittsburgh (10%). CCI also had | sels for delivery to the Great Lakes steel- 
costs and improving competitiveness. the right to supply 75% of any future | works of National Steel Corp. (NSC) in 

The first phase of the restructuring of | iron ore requirements of LTV above its | Detroit. The remaining 30% was hauled 
the iron ore industry occurred in the sum- | existing equity interests as long as CCI’s | in 160-car unit trains to NSC’s smaller 
mer of 1986, when the industry was ex- | prices were competitive. The terms of the | steelworks at Granite City, IL. 
periencing one of its worst years since the | settlement were approved by the USS. NSPC was a wholly owned subsidiary 
Great Depression. However, some of the | Bankruptcy Court for the Southern Dis- | of NSC. NSC was controlled in turn by 
organizational changes introduced then | trict of New York on August 17, 1989. | NKK Corp., the second largest steel 
were still being implemented in 1990. The | As part of the settlement, LTV agreed to | producer in Japan. In May 1990, NKK 
second phase of the restructuring took | reject its 12% interest in the Tilden Min- | increased its equity in NSC from 50% to 
place in the summer of 1989, and main- | ing Co. However, the claims of several | 70% and took steps to acquire an addi- 
ly affected Canadian mines. This second | major creditor groups were still to be | tional 20% from its partner, National In- 
phase culminated with the transfer of the | resolved. tergroup Inc. 
Quebec Cartier Mining Co. from USX A large part of CCI’s claims against All of LTV Steel’s natural ore produc- 
Corp. to a partnership formed between | Wheeling-Pittsburgh were settled earlier | tion came from its McKinley Extension 
Dofasco Inc., Cia. Auxiliar de Empresas | in September 1988. As part of the 1988 | Mine, 4 kilometers (km) north of Aurora. 
de Mineracao (CAEMI), and Mitsui & | settlement, Wheeling-Pittsburgh assumed | The mine, operated by LTV Steel’s 
Co. Ltd. (See “Canada.”) its 10% interest in the Empire Mining | Northwest Ore Div. under a lease from 
LTV Corp., Wheeling-Pittsburgh Steel | Partnership on January 1, 1989, but sur- | USX, shipped 592,000 metric tons (mt) 

Corp., and Sharon Steel Corp. were all | rendered its 4% interest in the Tilden | of beneficiated sinter fines and 20,000 mt 
forced to file for bankruptcy at the time | Mining Co. In exchange, CCI was al- | of 1- by 4-inch coarse ore in 1989.2 The 
of the 1986 collapse, but continue to | lowed an unsecured claim of $100 million | lump ore was being added by LTV Steel 
operate under the protection of chapter | for damages resulting from the steel | and outside customers to their electric arc 
11 of the Federal Bankruptcy Code. The | producer’s rejection of its Tilden obliga- | furnaces to assist in the oxidation of im- 
bankruptcy problems of the three inte- | tions. Wabush Mines of Labrador and | purities and to serve as a coolant. Exces- 
grated steel producers immediately spilled | Quebec was allowed a similar claim of | sive capacity and large stocks of pellets 
over into the iron ore industry, which had | $59 million, but two lesser claims by | continued to be a problem for LTV Steel 
been under direct control of United States | Wabush were being disputed. An ex- | Mining. In January 1989, LTV Steel 
and Canadian steel companies for | change of equities in Wabush was pro- | Mining laid off 92 hourly employees at 
decades. The Reserve Mining Co., a | posed toward the end of 1989, but a | its Hoyt Lakes operation, 32 km east of 
50-50 joint venture between Armco Inc. | number of details were still under negoti- | the city of Virginia. In recent years, nor- 
and LTV, was forced to suspend produc- | ation. LTV and Wheeling-Pittsburgh had | mal seasonal layoffs in response to the 
tion in July 1986 and was eventually sold | interests in Wabush of 15.6% and | end of the shipping season had been 
by the bankruptcy court to Cyprus | 10.2%, respectively. | about 64 employees, but the company 
Minerals Co. in August 1989. The min- . laid off more employees than usual in an- 
ing partners of the bankrupt steel com- | Minnesota ticipation of projected cutbacks in 
panies have continued, for the most part, Minnesota produced 70% of the na- | production later in the year. 
to ship pellets to the three companies’ | tional output of usable ore in 1989. On November 5, LTV Steel Mining 
blast furnaces and have relied patiently | Production of pellets totaled 40.76 Mmt, | laid off one-third of the 1,400 hourly and 
on the courts and lengthy legal negotia- | equivalent to about 72% of installed | salaried employees at Hoyt Lakes for 2 
tions to resolve their financial claims. | production capacity of the State’s six ac- | weeks. During the 2-week period, produc- 
Several claims were settled in 1989, pend- | tive taconite plants. Utilization of active | tion was cut back about 50% to trim 
ing court approval. pelletizing capacity by the six, though, | pellet stocks. According to mine officials, 

In April 1989, Cleveland-Cliffs Inc. | was 91%. The remainder of the output | the temporary cutback was part of a 
(CCI) tentatively settled its bankruptcy | consisted of hematite concentrates | broader action taken by the parent com- 
claims against LTV Steel Co. Inc., the | produced by LTV Steel from natural | pany, LTV Steel, to reduce excessive in- 
steelmaking group of LTV Corp. CCI | ores. A seventh taconite plant, the E.W. | ventories in its production system. 
brought suit after LTV Steel rejected its | Davis Works at Silver Bay, was being | During the fourth quarter of 1989 and 
Tilden Mine obligations, related purchase | refurbished by Cyprus. the first quarter of 1990, the domestic 
contracts, and a royalty agreement at its National Steel Pellet Co. (NSPC) | steel industry experienced a modest drop- 
LTV Steel Mining Co. subsidiary. Under | produced 4.76 Mmt of standard acid | off in orders, especially from manufac- 
terms of the settlement, CCI received an | pellets at its Keewatin complex in 1989.! | turers of automobiles and appliances. 
unsecured claim of $205 million for | The pellets averaged 65.10% iron (Fe), | LTV was a major supplier of finished : 
damages. CCI also assumed an addition- | 4.92% silica (SiO,), and 0.010% phos- | steel to both consuming industries. 
al 10% interest in the adjoining Empire | phorus (P) on a wet basis. The complex, The Hoyt Lakes operation had a rated 
Mine from LTV on January 1, 1990. The | situated at the southwestern end of the | annual capacity of 8.1 Mmt of standard 
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acid pellets and shipped 7.68 Mmt in | complex, and Stelco Inc. (14.7%). In | pellets, 17% more than in 1988. The 
1989. The design capacity of the mining | December, Hibtac began developing a | magnetite concentrate from the taconite 
complex, though, was 11 Mmt per year. | new mining area southwest of its exist- | was mixed with Peridur and a 1% lime- 

In January 1990, representatives of | ing section 36 pit. The new area was to | stone additive to make a pellet averaging 
LTV Steel Mining met with Minnesota | encompass parts of the former Mahon- | 64.56% Fe, 4.97% SiO, 0.016% P, and 
Pollution Control Agency (MPCA) offi- | ing natural ore pit, worked by Pickands | 0.67% lime (CaO) on a wet basis. Eveleth 
cials to discuss ways of improving the | Mather & Co. from 1923 to 1973. was managed and partly owned by the 
quality of surface waters in the vicinity Minntac, the largest iron mine in the | Oglebay Norton Co., which had an 
of the Dunka pit. The Dunka pit, 6 km | United States, produced 9.9 Mmt of | 18.5% equity in the venture. The remain- 
east of Babbitt at the northeastern tip of | fluxed pellets and 2.3 Mmt of standard | ing equity was divided between Armco 
the Mesabi Range, was one of six pits | acid pellets.4 The output from the com- | Inc. (35.1%), the Rouge Steel Co. 
supplying crude taconite to the Hoyt | plex at Mountain Iron matched the 12.2 | (31.7%) and Stelco (14.7%). In June 

| Lakes plant. In early 1989, environmen- | Mmt produced in 1988, but fell far short | 1988, Eveleth reactivated the second of 
tal monitoring teams discovered that rain | of its installed capacity of almost 19 Mmt. | two pelletizing lines at its Fairlane plant, 
and melted snow percolating through 4.9 | Minntac was owned and operated by the | 11 km south of the city of Eveleth. This 
square kilometers (km2) (1,200 acres) of | USS steel segment of USX, the largest in- | older line, which had been idle since July 
stockpiled waste rock were picking up ex- | tegrated steel producer in the country. | 1982, gave Fairlane a total effective ca- 
cessive amounts of cobalt, nickel, and The bulk of the beneficiation facilities | pacity of 6.2 Mmt per year. At yearend, 
zinc. The three metals apparently were | at Mountain Iron were switched from | Eveleth employed about 670 hourly and 
being leached from minor sulfides that | acid to fluxed pellet production in July | 130 salaried personnel. 
had begun to oxidize in some of the | 1988 at a cost of more than $8 million. In late 1987, Oglebay Norton filed an 
stockpiles. A number of improvements were made | environmental assessment plan with the 
LTV Steel Mining has been closely | to the concentrator at that time, includ- | Minnesota Department of Natural Re- 

monitoring seepage from the Dunka | ing the installation of a flotation circuit | sources seeking approval to expand the 
stockpiles as part of a 1986 agreement | to reduce silica levels in the new fluxed | north pit of the Thunderbird Mine 
with the State. Water samples taken from | pellet. Refinements were made to the cir- | toward the city of Virginia. Under the 
the Bob Bay area of Birch Lake, 800 | cuit in 1989 that raised the iron content | long-term plan, Eveleth would expand 
meters (m) northeast of the pit, also had | of the new pellet while further reducing | the pit by 400 acres and create three new 
elevated levels of the three metals. Part- | its silica. The limestone-dolomite fluxed | stockpiles. One of these stockpiles would 
ly because of the elevated levels in Bob | pellet produced during the 1989 cam- | be in the old Rouchleau pit on the south- 
Bay, the MPCA issued a notice of viola- | paign contained 62.22% Fe, 3.96% | eastern edge of the city of Virginia. 
tion to the company, charging that the | Si0,, and 0.0147% P on a wet basis. For More than two-thirds of the 15.8 Mmt 
seepage exceeded water quality standards. | comparison, the acid pellet produced in | of crude taconite mined in 1989 came 
Citizen groups were concerned because | 1986 averaged 5.40% SiO,. The 50-50 | from the north pit. The south pit pro- 
the 31-km2 (7,600-acre) lake drained into | blend of limestone and dolomite was be- | vided about 3.5 Mmt, with the remainder 
the environmentally sensitive Boundary | ing shipped from Michigan to Duluth in | coming from the new Spruce Hill reserve. 
Waters Canoe Area Wilderness. The sit- | self-unloaders and then transferred to | Stripping of the Spruce Hill reserve be- 
uation was further complicated because | Duluth Missabe and Iron Range Railway | gan in 1986, but mining did not actually 
there were at least five inactive copper- | Co. (DM&IR) ore cars that would nor- | start until November 1988. The highway 
nickel workings on the southeastern side | mally return empty to the pelletizing | between Leonidas and West Eveleth had 
of the string-bean-shaped pit. The old | plant. to be relocated because of the Spruce Hill 
workings are in an area where the An additional 2-Mmt-per-year pelletiz- | Project. The reserve is near the old 
Biwabik Iron Formation has been meta- | ing line, idle since 1982, was started up | Spruce Mine on the northwestern edge 
morphosed and truncated by gabbros of | in August 1989 to meet increased | of the south Thunderbird pit. 
the younger Duluth Complex. LTV Steel | demand for fluxed pellets from the com- In the spring of 1989, Inland Steel 
Mining submitted a preliminary plan to | pany’s blast furnaces at Gary, IN, and | Mining Co. obtained the rights to mine 
deal with the seepage problem in the | Braddock, PA. Both fluxed and acid | a large taconite reserve in the central part 
fall of 1989 and was taking steps to | pellets were shipped to the company’s in- | of the Mesabi Range. The new property, 
change the configuration of some of the | tegrated steelworks at Lorain, OH, which | the Biwabik-West Taconite reserve, was 
stockpiles. was placed in mid-1989 under the opera- | near the city of Gilbert, about 10 km 

The Hibbing Taconite Co. (Hibtac) | tional control of a joint partnership with | southeast of Inland’s Minorca mining and 
produced 8.24 Mmt of acid pellets, fall- | Kobe Steel Ltd. Limited amounts of acid | pelletizing complex. Shortly after acqui- 
ing somewhat short of the record 8.79 | pellets also went to the Weirton Steel | sition, company officials drafted a plan 
Mmt set in 1988.3 The pelletizing plant, | Corp. in West Virginia. About 1.44 Mmt | calling for immediate development of the 
which was expanded in 1979 to 8.2 Mmt, | of pellets was railed to Geneva Steel’s | property. The ores would be used to sup- 
had an effective capacity of 9.0 Mmt at | works at Orem, UT, as part of a 5-year | plant Minorca’s dwindling reserves and 
the end of 1989. Hibtac’s biggest cus- | contract signed in 1987. would be recovered using the same sur- 
tomer was Bethlehem Steel Corp., which The output of Eveleth Mines grew for | face mining techniques employed else- 
owned 70.3% of the joint venture. The | the fourth consecutive year and was the | where on the range. The new pit would be 
remaining equity was divided between | highest since 1981. The joint venture | known as the Laurentian Mine because 
CCI (15.0%), which managed the | produced 5.03 Mmt of partially fluxed | of its proximity to the Laurentian Divide. 
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In late November, the board of direc- | northeastern end of the Mesabi Range. | The final details of the sale and bank- 
tors of Inland Steel Industries Inc. for- | At that time, CCI and Northfield Min- | ruptcy settlement were completed on 
mally approved development of the | ing Inc. also expressed an interest in ac- | August 25, 1989. The operation was re- 
Laurentian Project. Inland Steel Mining, | quiring or managing the defunct | named Cyprus Northshore Mining Corp. 
a wholly owned subsidiary of the Inland | operation. Reserve’s principal assets con- | The sale included the company railroad 
Steel Co., expected to spend $20 million | sisted of the Peter Mitchell Mine near | that runs from the mine to Silver Bay. 
on the mine, which would provide iron | Babbitt and the E.W. Davis pelletizing | The environmentally sensitive Milepost 
units for the parent company’s integrated | plant 65 km to the southeast at Silver | 7 tailings basin was leased to Cyprus by 
steelworks at Indiana Harbor, IN. The | Bay. State officials had become increas- | the bankruptcy trustee for a minimum of 
Laurentian ore would be trucked 10 km | ingly concerned because key machinery | 5 years. Cyprus was expecting to spend 
to Inland’s existing beneficiation plant on | at both sites had begun to deteriorate | at least an additional $30 million refur- 
the northeastern edge of the city of Vir- | from the harsh Minnesota winters and | bishing the mining complex and improv- 
ginia. Minorca produced a record high | lack of maintenance. The bankruptcy | ing pellet quality to meet current industry 
2.50 Mmt of fluxed pellets in 1989 and | trustee had also sold half of the flotation | standards. New equipment was to allow 
was still operating at almost full capaci- | cells in the concentrator to pay expenses. | Cyprus to produce fluxed pellets and use 
ty. If the present rate of production were | Potential buyers were discouraged by | different organic binders in place of the 
maintained, the existing pit at Minorca | several additional obstacles, including | traditional bentonite. 
could be exhausted as early as 1992. The | liabilities for the sprawling Milepost 7 tail- After settlement, Cyprus moved quick- 
new ore body would provide the plant | ings basin and the questionable viability | ly to reopen both the mine and plant. The 
with more than 15 years of reserves. In- | of the reactivated operation if demand for | coal-fired electric generating station at Sil- 
land also hoped to negotiate leases on ad- | pellets dropped back to 1986 levels. In | ver Bay, which provided power for the | . 

joining properties that could supply an | short, the chances of finding a suitable | processing facilities, was restarted on 
additional 25 years of reserves. buyer were diminishing daily. November 16. Drilling was resumed that 

The current plan calls for the Lauren- The Denver talks led to the drawing up | same week at the mine. Contracts, total- 
tian ore to be blended with Minorca ore | of a maintenance agreement between the | ing more than $5 million, were let to up- | 
beginning in 1991. Blending would ex- | State, Cyprus, and the bankruptcy trustee | grade the pelletizing plant and the 
tend the life of the Minorca pit until | in October 1988. Under the terms of the | Milepost 7 tailing disposal system. The in- 
1995, when mining would be shifted en- | agreement, Cyprus began stabilizing the | stallation of a hearth layer for the two 
tirely to the new ore body. A dedicated | situation at the two sites, but was not ob- | largest pelletizing furnaces and related 
haul road would be constructed from the | ligated to buy the operation. retrofitting alone cost $2.6 million. The 
pelletizing plant through the Pike River By the spring of 1989, the outlook for | hearth layer work on the two 1964- 
Basin to the proposed mine site. Inland | Babbitt and Silver Bay had improved con- | vintage furnaces was completed on 
planned to build a series of berms to | siderably. On April 21, Cyprus tentatively | December 20. Four of the six smaller fur- 
reduce nuisance noise from the operation. | agreed to pay $40 million in cash for the | naces installed when the processing plant 
Overburden and waste rock would be | bankrupt company’s assets. The acquisi- | was commissioned in 1955 may be up- 
used to construct a 12-m high sound bar- | tion agreement was filed with the U.S. | graded at a later date. 
rier along the section of haul road that | Bankruptcy Court for the Southern Dis- On December 27, Cyprus formally 
would border Gilbert. The company was | trict of New York, and a hearing was | reopened the mine at Babbitt. The Gov- 
experimenting with several new methods | scheduled for June 12. CCI and North- | ernor of Minnesota attended the cere- 
of blasting designed to minimize ground | field were given until June 5 to better the | monies and was given the honor of 
shock to homeowners. offer from Cyprus. On June 5, CCI bid | detonating the first blast since the 1986 

The Laurentian Project would be the | $44.5 million. On the day of the hearing, | closure. The Chief Executive was one of 
first entirely new taconite mine to come | both companies increased their bids sub- | the individuals instrumental in convinc- 
on-line in Minnesota in more than a | stantially. Although CCI’s final bid was | ing Cyprus to acquire the idled complex. 
decade. However, environmental permits | $54 million, the bankruptcy judge | On January 5, 1990, 150-car unit trains 
still had to be obtained from the U.S. | awarded Reserve’s assets to Cyprus for | began hauling crushed ore on the 76-km 
Army Corps of Engineers, the Minneso- | $52 million, after weighing recommenda- | long railroad extending from Babbitt to 
ta Department of Natural Resources, the | tions from Reserve’s bondholders, the | the concentrator at Silver Bay.’ Reserve 
Minnesota Pollution Control Agency, | trustee, and the State of Minnesota. Ac- | removed so much overburden at the mine 
and three local governments. The re- | cording to a spokesperson for the State of | between 1979 and 1983 that mining can 
quired environmental impact statement | Minnesota, one of the principal reasons | be carried out for 10 to 14 years with little 
was released in final form in August | for the judge’s ruling in favor of Cyprus | or no additional stripping. 
1990. Inland also considered mining two | was that Cyprus had sufficient cash on Cyprus was planning to produce 1.7 
other sites, the Ordean Reserve west of | hand, while CCI did not. Another reason | Mmt of standard acid pellets in 1990 and 

: Minorca and the East Rouchleau pit on | was that Cyprus had already negotiated | started shipping after the Soo Locks 
the outskirts of Virginia, but temporari- | agreements with the Mesabi Trust Co. | opened in late March. Armco Inc. had 
ly shelved both of these projects. (which held the mineral rights to the | agreed to buy 1.5 Mmt per year for the 

In August 1988, the Governor of Min- | Peter Mitchell Mine) and some other in- | next 7 years. If all goes well, the North- 
nesota met in Denver with Cyprus execu- | volved parties. The sale to Cyprus was ex- | shore operation could be producing 4.0 
tives to explore new ways of reopening | pected to provide Reserve’s bondholders | Mmt per year by 1994. On January 12, 
Reserve’s mining complex at the extreme | with $45 million after expenses. 1990, a fire broke out in the pelletizing 
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plant and completely destroyed two elec- | plant would cost $7.5 million; develop- | ore tax should have been only $206,000, 

trostatic dust collectors. No one was in- | ment of the new pit, about $6 million. An | instead of the $527,000 billed by the 

jured, but the fire caused an estimated $1 | additional $15 million was required to | township. Republic Township quickly 
million damage to the fluid ionics section | buy new equipment and upgrade existing | filed a response to the company’s appeal. 
of the plant. Startup of the No. 12 fur- | facilities. In November 1988, CCI and its | At the end of the year, both sides were 
nace, which was to have begun on Janu- | two Canadian partners decided to com- | still waiting for the tribunal to set a pre- 
ary 15, was delayed about 2 weeks. The | pletely underwrite the $30 million project | hearing date. The outcome of the appeal 
No. 11 furnace was not brought on-line | with equity funds instead of using outside | was important to the mining communi- 
until mid-March. | sources for funding and ordered Tilden’s | ties of the Upper Peninsula because CCI 

At the time of the fire, Cyprus had 88 | engineering staff to immediately begin | is challenging the way in which the 

employees at Babbitt and 238 at Silver | modifying the concentrator. Preproduc- | specific ore tax was computed. A ruling 
Bay. About 90% of those hired between | tion stripping at the new pit, which had | in the township’s favor could lead to in- 
June 1989 and March 1990 were former | already begun in July 1988, was acceler- | creased ore taxes on the much larger Em- 
employees of Reserve and had an aver- | ated. Equity interests in the new Tilden | pire and Tilden Mines. Six of the thirteen 
age age of more than 50. Additional de- | Magnetite Partnership were divided as | local units of government agreed to pay 
tails on the startup of Cyprus Northshore | follows: Algoma, 50%; CCI, 33.3%; and | part of the legal fees incurred by Repub- 
are given in reference 5. Stelco, 16.7%. lic Township. 

— | | The beneficiation part of the refur- CCI’s appeal disputed two items used | 
Michigan bished plant had been scheduled to begin | to compute the ore tax on the Republic 

Michigan produced about 26% of the | producing magnetite in early August | Mine: (1) the township’s use of a pub- 
national output of usable ore in 1989. | 1989, but startup had to be postponed 2 | lished price to determine the value of 
More than 98% of the production con- | weeks because of engineering problems | Michigan ore, and (2) the rated capacity 
sisted of pellets produced from ores mined | with the 54 new magnetic cobbers. De- | of the idled pelletizing plant. The com- . 

at the Empire and Tilden Mines near Ish- | velopment of the ore body also took | pany claimed that fundamental changes 
peming in Marquette County. Both min- | longer than anticipated. Despite these | in the North American iron ore market, 
ing ventures were managed and partially | problems, the converted operation | such as the increased number of spot 
owned by CCI’s Cleveland Cliffs Iron | reached 88% of designed concentrating | sales, had made the published price inac- 
subsidiary. The company’s wholly owned | capacity in December 1989 and, by | curate and that the lower prevailing mar- 
Republic Mine remained idle throughout | yearend, had produced 1.8 Mmt of the | ket price should have been used instead. 
the year. Production of pellets totaled | new pellets. An additional $1.7 million | Because the Republic Mine was inactive, 
15.41 Mmt, of which 8.24 Mmt was | had been set aside for eliminating produc- | its rated capacity was used in the tax for- | 
produced at the Empire plant and 7.17 | tion bottlenecks, perfecting the benefici- | mula in place of a 5-year average of 
Mmt was produced at Tilden.6 The | ation process, and improving pellet | production. When the mining complex 
Empire plant operated beyond its rated | quality. As a result of the capital improve- | was shut down in 1981, the pelletizing 

capacity, setting a new production record | ments, Tilden was able to make both | plant had two lines and was able to . 

and surging past the 95% mark reached | magnetite and hematite pellets in either | produce 2.7 Mmt per year of pellets aver- 
in 1987 when it made 7.75 Mmt of | standard or fluxed grades. The operation | aging 63.3% Fe on a wet basis. This was 
pellets. The output of the Tilden plant | became more flexible and cost competi- | the figure that the township supervisor 
was up 4% from that of 1988, despite de- | tive, but had to sacrifice capacity, at least | used in his 1989 tax determination. CCI, 
lays associated with the startup of the | for 1989 and 1990. Tilden was currently | though, moved some of its equipment to 
new magnetite operation. able to produce 4.1 Mmt per year of | other mines several years ago and argued 

From 1982 to 1987, Tilden was used | magnetite pellets, but only 2.7 Mmt of | that Republic had only one operational 
as a swing producer because it had higher | hematite pellets. Hematite pellet capaci- | pelletizing line at the end of 1988, limit- 
operating costs than Empire. The eco- | ty could be quickly raised to 4.1 Mmt | ing production to 1.3 Mmt per year. 

nomics of the Tilden operation was hob- | with additional capital expenditures if Later in the summer, CCI announced 

bled by the mineralogy of the taconite. | pellet demand in North America im- | that it would not reopen Republic in 

The ores of fine-grained martite and com- | proved dramatically. _ | 1990, as had been rumored. The compa- 
mon hematite were much more difficult The Republic Mine in the western half | ny decided not to make any decision 
to beneficiate than the magnetite-rich | of Marquette County was shut down in | about the idled complex until corporate 
varieties of taconite found elsewhere in | October 1981 at the beginning of the | staff could better define near-term | 
the Lake Superior District. In March | 1982-84 recession and has been main- | production costs and evaluate adverse 
1988, Tilden’s three solvent partners— | tained since then in a standby status. On | forecasts put forth by some industry 
the Algoma Steel Corp. Ltd., CCI, and | June 27, 1989, CCI formally appealed the | analysts. At the time of the 1981 shut- | - 

Stelco Inc.—decided to make the mining | 1989 tax assessment on the inactive min- | down, Republic was owned by the Mar- 

complex more competitive by upgrading | ing and pelletizing complex to the Michi- | quette Iron Mining Partnership, a joint 

the Tilden concentrator so that it could | gan Tax Tribunal. In Michigan, mining | venture between Jones and Laughlin 

process both magnetite and hematite. The | companies are required to pay a specific | Steel Corp. (which later became part of 

magnetite-rich taconite would come from | ore tax to the local township in lieu of | LTV Steel), Cleveland-Cliffs Iron, 

the Cliffs Drive III ore body at School- | property taxes. In this case, the ore tax | Wheeling-Pittsburgh, and the Interna- 
house Lake, about 1 km north of the ex- | was determined and paid to the township | tional Harvester Co. CCI acquired full 
isting pit. Conversion of the pelletizing | of Republic. CCI claimed that the specific | ownership of Republic after the other 
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three filed for chapter 11 bankruptcy | made significant progress in lowering the Some geologists speculated that Pea 
protection. phosphorus content of the magnetite con- | Ridge could be an outlier of a much 

At the beginning of 1989, the M.A. | centrate used as pellet feed. The phospho- | larger Olympic Dam-type deposit. To 
Hanna Co. donated 22.81 km2 (5,637 | rus came from apatite and several help test the Olympic Dam model, 
acres) of mining properties in the Menom- | rare-earth minerals that form inclusions | Cominco American Inc. drilled two holes 
inee Range to the State of Michigan. The | in the fine-grained massive magnetite. | on the undeveloped Boss-Bixby Precam- 
land was part of the former Groveland | Control of phosphorus is critical in the | brian copper-iron deposit. Like Pea Ridge, 
Mine, 21 km northeast of Iron Mountain | making of quality steels. The ideal situa- | Boss-Bixby was discovered in the 1950’s 
and 6 km east of Randville. About one- | tion is to keep the phosphorus level as low | by drilling a prominent magnetic anom- 
fourth of the land was covered by tailings | as possible in the pellets, coke, and flux- | aly. This second Precambrian deposit was 
ponds and other impoundments. An ad- | es so that even minor amounts of the ele- | in Dent County, about 65 km southwest 
ditional 8.90 km? (2,200 acres) that in- | ment cannot accompany the iron into the | of Pea Ridge, and bordered on the west- 
cluded the old pit was acquired in late | steel. In 1979, pellets from Pea Ridge | ern edge of the Viburnum Trend. The 
December by a real estate company based | averaged 0.080% P. At that time, the ore | Viburnum Trend was the largest lead 
in the Bahamas. Between 1959 and 1962, | feeding the concentrator typically ran | producing district in the United States in 
the Groveland operation produced 2 | 0.60% P. Since then, the company has | 1989. Cominco was planning to drill into 
Mmt of concentrates from a jasper-type | been able to gradually reduce the pellet | Boss-Bixby from new underground work- 
ore. In 1963, Hanna built a 2-Mmt-per- | phosphorus content to 0.020%. ings in its neighboring lead mine. 
year pelletizing plant at Groveland to The improved liberation of phosphate DGLS and USGS were extremely in- 
process a 60% magnetite-40% hematite | minerals was achieved by installing ad- | terested in mapping the Pea Ridge Mine 
blend made from ore averaging 35% | ditional magnetic separators between | because it was one of only a few sites in 
Fe.’ The plant operated until December | 1981 and 1985 and by switching over to | the midcontinent region where geologists 
1982, supplying a pellet that contained | a larger and more sophisticated flotation | could examine the buried Precambrian 
63.1% Fe and 6.95% Si. The Michigan | circuit. The new phosphate flotation | basement in three dimensions. Pea Ridge 
Natural Resources Commission incorpo- | circuit became fully operational in Sep- | is referred to as a “blind” ore body be- 
rated the land into the Copper Country | tember 1988. Amine, fatty-acid, and | cause none of it is exposed at the ground 
State Forest, making future development | fatty-alcohol collectors all were tried and | surface. The dike-like mass of magnetite 
of the remaining 100 Mmt of taconite less | eventually discarded. A suite of propri- | is covered by 400 m of relatively flat- 
likely. etary collectors developed specifically for | lying, barren sedimentary rocks and 

. . Pea Ridge concentrates was being used | extends almost vertically from the uncon- 
Missouri in 1990. Preliminary tests suggested that | formity to an unknown depth greater 

The Pea Ridge Iron Ore Co. operated | the pellet phosphorus content could be | than 1,000 m. The deepest working and 
the smallest of the 10 active mining and | reduced even further to 0.015% by finer | development levels were at 754 m and 
pelletizing complexes in the United | grinding. 815 m, respectively, in mid-1990. The un- 
States. The Pea Ridge Mine is on the In April 1988, the Missouri Division | derground mapping project has already 
northeast flank of the Ozark uplift in | of Geology and Land Survey (DGLS) | revealed that the deposit is far more com- 
Washington County near Sullivan, MO. | entered into a cooperative agreement | plex than originally thought in terms of 
The operation produced slightly more | with Pea Ridge to map in detail selected | both structure and mineralization. The 
than 1 Mmt of iron ore products in 1989 | levels of the mine. The U.S. Geological | volcanic host rocks consist of at least four 
and was the only active underground iron | Survey (USGS) agreed to provide finan- | different types of brecciated rhyolite por- 
mine in the country. More than 90% of | cial and technical support for the under- | phyries, which are believed to be rem- 
the production consisted of olivine- | ground mapping project. The Pea Ridge | nants of a Precambrian collapse caldera.? 
enriched pellets made from magnetite | Project had been incorporated into | Veins and carbonate pods exist that are 
concentrate containing 70% Fe and less | DGLS’ larger “Operation Basement” | rich in monazite, allanite (a cerium- 
than 1% SiO,. The addition of 5% oli- | study, which also involved surface map- | yttrium epidote), and at least five other 
vine increased the reducibility of the | ping of exposed Precambrian rocks in the | rare-earth minerals. The Rolla Research 
pellet while improving its high- | St. Francois Mountains. Preliminary data | Center of the Bureau of Mines was work- 
temperature properties in the blast fur- | indicate that many similarities exist be- | ing with the company to determine if it 
nace and increasing its resistance to low- | tween the basement rocks of southern | would be economically feasible to recover 
temperature breakdown. The complex | Missouri and those of South Australia, | the rare earths as a byproduct of the iron 
also produced heavy-medium magnetite | especially in terms of age, composition, | ore operations. 
for coal cleaning, as well as a variety of | and apparent origin. The striking resem- 
iron oxides for ferrites, pigments, and | blance between the two basements ex- | New York 
ceramic magnets. cited exploration geologists because On November 23, 1989, NL Chemicals 

During the first quarter of 1990, Pea | South Australia is the host for the world- | Inc. shut down its magnetite concentrat- 
Ridge received increased attention be- | class Olympic Dam deposit discovered in | ing operation at Tahawus in Essex 
cause of the uniqueness of the deposit and | 1975. The Olympic Dam ore body aver- | County, NY. The company and its pred- 
the novel steps taken by the engineering | ages 1.6% copper and 0.06% uranium | ecessor, NL Industries Inc., had been 
staff to solve problems shared by the en- | oxide (U308) and also contains econom- | producing heavy-medium quality concen- 
tire North American iron ore industry. | ically significant amounts of gold, silver, | trate from crude magnetite stockpiled at 
After a decade of work, the company had | and rare earths. the MacIntyre Mine. There had been no 
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mining at the site since 1982. The bulk | line to the Essex County Industrial De- | plant operated at Rapid City by the State 
of the concentrate was being railed to | velopment Agency (IDA), but subleased | Cement Commission. 
eastern coal mines for coal washing. it back for 5 years. The purchase and sub- | 

The MacIntyre Mine was opened by | sequent subleasing agreement prevented. 224 
the National Lead Co., the grandparent | the rail line from being torn up for scrap | CONSUMPTION AND USES 
of NL Chemicals, in July 1942 to provide | and gave NL Industries an option tore- |" __—CSs=“‘<; 73MF!!F!S!STSTSTSt”StC<CSttt”SSSCS 
ilmenite (FeTiO;) for the titanium diox- | open the mine in the distant future. Deed- 
ide (Ti0,) pigment industry. At the time, | ing the rail line to the county reduced 1% owing toe ictus "off of less than 
the ilmenite was desperately needed to | carrying costs because the IDA is a tax | from the iron and steel industry. Con- | 
replace supplies of beach sands from In- | exempt organization. The rail line was sumption for ironmaking and steelmak- 
dia, which had been cut off at the begin- | critical to future mine development be- ing totaled 73.55 Mmt, including 65.60 
ning of World War II. Crude magnetite | cause of Tahawus’ isolated location. Mmt in blast furnaces “119 Mmt in sin- 
was recovered as a byproduct of the 1l- tering plants, 0.49 Mmt for production of 

menite operation. During the 40-year | Other States direct-reduced iron (DRD, and 0.34 Mmt 
period, National Lead recovered 12 Mmt Geneva Steel of Utah continued to ex- | ;, steelmaking furnaces An additional 
of ilmenite and 18 Mmt of magnetite | pand production at its open pit mines in | 19 000 mt was used by the industry for 
from 60 Mmt of crude ore.!° The il- | the Iron Springs District of Iron County. | miscellaneous and unspecified purposes 
menite was shipped to National Lead’s | The district, 24 km west of Cedar City, Monthly consumption of pellets direct- 
TiO, plants in Sayreville, NJ, and St. | has provided magnetite and hematite ores shipping ore, and merchant sinter by the 
Louis, MO. National Lead dominated the | for blast furnaces in the Rocky Mountain industry averaged 6.09 Mmt, compared 
titanium pigment market for many years, | region on an intermittent basis since | with 5.99 Mmt in 1988 Reported con- 
accounting for as much as 60% of the | 1923. Coarse ore and fines were shipped sumption of iron ore for manufacture of 
country’s output of TiO}, but lost ground | 370 km on the Union Pacific Railroad to | cement heavy-medium materials, animal 
when its sulfate process became uncom- | Geneva’s integrated steelworks at Provo. | fooq ballast ferrites, pigments and other 
petitive with the newer, more economi- | The ore was hauled twice a week in | jonstee] products was 1.21 Mmt 
cal chloride process. Officials of NL | 75-car unit trains. The 100-ton railcars The near-term outlook for the iron and 
Chemicals estimated that 31 Mmt of il- | were originally built to carry pellets from | ye] industry had improved considerably 
menite and 21 Mmt of magnetite remain | USX’s former Atlantic City Mine in | Gnce the 1986 collapse. U.S. production 
in the deposit. | Wyoming to Geneva. The actual mining | of hot metal and pig iron totaled 50.69 

The MacIntyre and other ore bodies in | was contracted out to the Gilbert Devel- | y4mt in 1989 only a fraction more than 
the Sanford Lake District are part of a | opment Corp. Run-of-mine ore averaging | j, 1988 but still the largest tonnage since 
large Precambrian anorthosite massif that | 55.1% Fe, 6.7% SiO), and 0.27% P was | 1991 Hot metal and pig iron production 
forms the central part of the Adirondack | crushed and screened at the Comstock- | yo. extremely stable throughout the 
Mountains. The ore bodies of ilmenite | Mountain Lion Mine, two adjoining year, averaging 4,224 mt per month. The 
and vanadiferous-titaniferous magnetite | properties leased by Geneva from CF&l deviation from the mean was never more 
occur as massive lenses in the anortho- | Steel Corp. of Pueblo, CO. Gilbert De- | than 10% for any one month. Monthly 
site or as bands in gabbro associated with | velopment also produced wet screened | ion ore consumption statistics reflected 
the anorthosite. Iron mining in the dis- | and magnetically cobbed material from | ;pi, stability, which developed after over- 
trict dates back to 1832, when a forge was | old stockpiles of lean ore at the former | 47 demand ‘for steel mill products had 
built near Sanford Lake by a group of en- | Iron Mountain Mine, 8 km to the south- strengthened in the fall of 1987 
trepreneurs led by Archibald McIntyre. | west. Mining was also underway at the Consumption of pellets direct-shipping 

NL Chemicals was to maintain an ac- | new Excellsior and Chesapeak, two | oe and merchant sinter for the first 6 
tive presence at the mine and had ini- | smaller ore bodies on the northeastern months was 38.45 Mmt. a 9% increase 
tiated a voluntary reclamation program | edge of Iron Mountain. The Excellsior | ¢,om the same period in 1 988 The situa- 
going beyond requirements set by the | and Chesapeak material was averaging | tion reversed in the second half of the 
New York State Department of Environ- | 58.7% Fe, 5.2% SiO, and 0.30% P on year, with blast furnace output dropping 
mental Conservation. The company kept | a wet basis. A total of 776,000 mt was | below corresponding 1988 levels. During 
its State mining permit in force, con- | shipped from the district in 1989.!! More | 1989. the number of blast furnaces in 
tinued to ship concentrate from existing | than 50% of the material consisted of operation ranged from 48 to 52. At year- 
stockpiles, and planned to sell crushed | fines, which could not be charged direct- | end, 48 of the 83 blast furnaces available 
stone to contractors. In August 1989, NL | ly into Geneva’s three blast furnaces and | were on-line. The monthly blast furnace 
Chemicals acquired a 72-year lease on the | had to be sintered. data show how pig iron production has 
53-km long railroad line extending from In South Dakota, Pete Lien & Sons | stabilized since 1986, when the number 
the mine to the trunk line of the Dela- | Inc. mined low-grade hematite at the | of furnaces operating dropped from 50 to 
ware & Hudson Railway at North Creek. | CF&I pit near Nemo in Lawrence | 31 over a 7-month period. The industry 
The lease was obtained at a public auc- | County. The mine was reopened 1n 1988 | continued to dismantle obsolete furnaces 
tion from the General Services Admini- | after a hiatus of 9 years. The company | and improve active furnace utilization. 

stration for $950,000. The branch line | produced direct-shipping ore averaging | Twenty-nine blast furnaces had been 
was built by the Federal Government be- | 32.0% Fe. Production was limited by the | scrapped since December 1983. 
tween 1942 and 1944 to eliminate truck | relative remoteness of the Black Hills Consumption of iron ore and all types 
haulage of the concentrates. At the end | mine site from consumers. The bulk of | of agglomerates reported to the AISI by 
of 1989, the company deeded the branch | the ore was shipped to the Dakota cement | integrated producers of iron and steel 
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totaled 78.75 Mmt. This included 61.74 | mine stock data to avoid disclosing com- | a record-breaking cold spell in mid- , 
Mmt of pellets; 13.66 Mmt of sinter, | pany proprietary information. December. Early ice formation in the 
briquettes, etc; and 3.35 Mmt of natural St. Marys River forced the Corps of 
coarse ore. Of the primary ore consumed, | ——__—____~———_ | Engineers to close the locks at Sault Ste. 

| 73% was of domestic origin, 10% came | TRANSPORTATION Marie, MI, on December 28, 2 weeks 
from Canada, and 17% came from other. | TTT ahead or schedule. Ms carly Closing of | 
countries. Other materials consumed in | — Vegge] shipments of iron ore from U.S. 4 r ved lek S mt i re vets ‘ks sintering plants included mill scale, flue he U Lak led | Co tvered at Lake superior loading COCKS. ; ? ports on the Upper Great Lakes totale No iron ore shipments were made from dust, limestone and dolomite, slag and | 51.04 Mmt, about 3% less than those of the dock at Silver Bay in 1989. However 
slag scrap, and coke breeze. Other iron- | 1988. Nearly 90% was destined for U.S. | coal was unloaded for the reopened 
bearing materials charged to blast fur- | consumers, with the rest going to Cana- | powerplant beginning in October. The 
naces included steel-furnace slag, mill | da. Shipments of iron ore through the St. | number of vessel shipments from the 
scale, and slag scrap. Lawrence Seaway to U.S. ports on the | other six ports totaled 1,506, indicating 

Great Lakes totaled 4.88 Mmt and ac- | an average cargo of 33,890 mt. Individual 
——_——— | counted for almost 25% of U.S. imports. | cargoes of 60,000 mt or more were loaded 
STOCKS The balance of imports, 14.71 Mmt, was | at five of the ports during the year, 
——§£2— | Shipped primarily through ports on the | although the average shipment from in- 

east and gulf coasts. dividual ports ranged from 23,679 mt at 
Stocks of iron ore and agglomerates Ore shipments from three of the seven | Marquette to 46,421 mt at Taconite 

reported at U.S. mines, docks, and con- | U.S. ports on the Upper Great Lakes | Harbor, MN. 
suming plants have been gradually drop- | decreased from the levels of 1988, with On September 25, The Interlake 
ping for more than 30 years. This trend | the largest decrease at Two Harbors, | Steamship Co. and other lake carriers 
temporarily reversed itself in 1988, but | MN. Tonnage shipped from each port in | raised freight rates between 6% and 
continued downward in 1989. At | 1989 is shown in the text table. 13% to offset increased labor costs and 
yearend, total industry stocks were 21.70 
Mmt, only 3% more than the record low oo DateofSS*~*éiS rate of ~=S*~*~S*«SrTta”di‘ tonnage 
set in 1987. The renewed decline was Port first last (thousand 
caused primarily by a cutback in domes- shipment shipment _ metric tons) 
tic ore stocks at furnace yards. Asaresult | Duuth, MN. ~~—SCO*«C«é‘“<i~CS*‘pCS‘C“‘<i‘C(XSW. C@’ewd'd'-~-O«O720608 
of the cutback, furnace yard stocks stood Two Harbos MN Mar. 14 Dec. 25 9 503 
at only 15.73 Mmt, a 61% drop from the | -<————_—____ ° 
39.93 Mmt reported at yearend 1978. Silver Bay, MN’ ~ — ~~ 
Combined stocks at furnace yards and | Taconite Harbor, MN Mar. 26 Dec. 19 8,217 
receiving docks included 13.03 Mmt of | Superior, WI Mar. 25 Dec. 22 11,052 
domestic ores, 2.45 Mmt of Canadian | Marquette, MI | Mar. 24 Jan. 2 9,117 

ores, and 2.43 Mmt of other foreign ores. | Escanaba, MI Mar. 23 Jan. 19 5,742 
Mine stocks at yearend were 29% more | Joa? sti(<i~Ssts~S~S 51,038 

than those of 1988 because of unusually | ix, cies have teen shipped sine Nov. 1987, However, Cypros Minerals Co, aoqired al of the facies of the defunct Reserve Mining 
cold weather in November and the early Co. in Aug. 1989 and was in the process of refurbishing the beneficiating and pelletizing complex at Silver Bay. The port was reopened 

spudow OF Soading ports on the UPPer Sea DB wnvain ane wh esac oe 1 AO ns en Nn 
Great takes in stocks senor at mines Source: Lake Carriers’ Association, 1989 Annual Report. 

peaked at 12.12 Mmt in March and con- a oo, 
tinuously declined to 4.11 Mmt in The decline in overall shipments was shipyard expenses. The shipping industry 
November. Stocks of ore at consuming primarily the result of adverse winter continued to give discounts on class X 

plants were 180° out of phase with those weather. At the end of October, cumula- | vessels (1.e., vessels with hulls greater than 
at the mines, ranging from a low of 9.31 | tive shipments were slightly ahead of 1,000 feet in length), but the discounts 
Mmt in April to a high of 15.73 Mmt in | those of 1988. However, an inordinate were less generous than in the past. The 
December. As in previous years, these | Number of storms delayed sailings in | different rates are compared in the text 
variations were principally caused by the November. The storms were followed by | table. 

seasonal nature of ore shipping on the | 
Great Lakes. Dollars per long ton! 

Stocks of unagglomerated concentrates From To Oct. 13, 1988 Sept. 25, 1989 
reported at pelletizing plants totaled 0.56 ClassX Other ClassX Other 

tent trom 25% ta 70 a ee leek Head of the Lakes Lower lake ports 4.95 5.60 5.60 6.00 

not included in mine stocks of usable ore | Marquette, OB 
reported in the accompanying tables be- | Escanaba" sake Erie ports 3.74 4.200 4.200 4.50 
cause it is considered an intermediate Do. Lower Lake Michigan ports 2.97 3.19 3.36 3.60 

product. Stocks of byproduct ore also | ‘Excludes winter surcharges for shipments after Dec. 15 and before Apr. 15. 

have been excluded since 1983 from the | sources: Cleveland-Cliffs Inc., Interlake Steamship Co., and Skillings’ Mining Review. 
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Published bulk vessel freight rates from | vessels were in actual operation in 1989. | amounted to 2.31 Mmt, substantially 

the Gulf of St. Lawrence to Lake Erie | However, these 65 represented 97.7% of | more than the 1.32 Mmt hauled in 

and Lake Michigan were $5.00 and $7.00 | available carrying capacity. 1988.!5 Shipments from USX’s Minntac 

per ton, respectively. Freight rates for Construction of a second Poe-sized | Mine at Mountain Iron to the reacti- 

self-unloading vessels were $1.50 per ton | lock at Sault Ste. Marie continued to be | vated Geneva works in Utah accounted 

higher. stymied by funding problems.!3 The new | for 1.44 Mmt, or 63% of the all-rail to- 

The two principal issues concerning | lock was desperately needed as a backup | tal. An additional 169,000 mt of Minn- 

US. lake shipping in 1989 continued to | to prevent total paralysis of bulk shipping | tac pellets was railed to USX’s Edgar 

be the proposed construction of a second | on Lake Superior should the Poe be shut | Thomson steelworks at Braddock, PA. 

Poe-class lock at Sault Ste. Marie and the | down for more than 30 days. The new | About 696,000 mt of Eveleth pellets went 

question of sharing domestic lake and | lock would also be needed to accommo- | to USX’s Fairfield works near Bir- 

coastal trade with Canadian vessels.!2 | date the growing number of class X ves- | mingham, AL, on a trial basis. Shipments 

| The latter issue was rejuvenated in 1987 | sels projected for the 21st century.!4 The | of pellets and small quantities of natural 

during negotiation of the United States- | Water Resources Development Act of | ore to the Ports of Duluth and Two 

Canada Free-Trade Agreement (FTA), | 1986 (Public Law 99-662) authorized con- | Harbors totaled 17.15 Mmt for a total ore 

causing both the Reagan and Bush Ad- | struction of the new lock, but required | movement on the railway of 19.42 Mmt 

ministrations to review the justifications | 35% of the funding to come from non- | during the 1989-90 shipping season. 

for existing cabotage laws. Title I of the | Federalsources. New estimates made by | More than 1 Mmt of pellets was also 

Merchant Marine Act of 1936 mandates | the Corps of Engineers in October 1989 | hauled all rail via the Burlington North- 

that all domestic waterborne commerce | indicate that the lock will cost $256 | ern to NSC’s two blast furnaces at 

be conducted in vessels that are built in, | million. Granite City, IL. 

owned by, and crewed by the United The Soo Lock Funding Alternatives Published railway freight rates for 

States. The Government of Canada | Task Force formed by the Great Lakes | pellets from mines to upper lake shipping 

wanted these cabotage restrictions waived | Commission has recommended that the | ports were unchanged in Minnesota in 

as part of the FTA. In exchange, U.S. | lock be built at full Federal expense. The | 1989. The volume rate for pellets from 

vessels would have been allowed to carry | task force concluded that the cost-sharing | the western Mesabi Range to the Allouez 

cargo between Canadian ports. Because | provision should be waived because of the | docks at Superior remained at $5.01 per 

of the complexity of the cabotage issue, | uniqueness and international nature of | long ton. In the third quarter of 1989, the 

United States and Canadian negotiators | the project. The 101st Congress was con- | rate for pellets from the Marquette Range 

agreed to exclude the controversial sec- | sidering legislation that could end the | of Michigan to Presque Isle was raised 

tion dealing with maritime services from | funding impasse. | from $2.15 per long ton to $2.35. The 

the final trade agreement. However, the All-rail shipments of iron ore and ag- | rate to Escanaba remained at $3.03. Es- 

cabotage issue could be resurrected at any | glomerates in the United States and | canaba also hada handling charge of 3.5 

time during the annual review process. | Canada totaled 9.48 Mmt, compared | cents per long ton since 1980. 

United States and Canadian iron ore ship- | with 7.14 Mmt in 1988. This was the Rail rates from lower lake ports to a 

ments on the Great Lakes for 1985-89 | highest tonnage ever reported for the two | number of consuming points were raised 

are compared in the text table. countries, breaking the record just set in | between 4% and 12% on January 16, 

1989. Most ore transfer charges were un- 
changed. At Lake Erie ports, ore trans- 

| United States and Canadian ore shipments on the Great Lakes Nock geceing rom Sinect into vailway 

Loading district __(thousand metric tons)_ | carg ranged from $1.00 to $1.20 per long 

88S 19GB BB 1989 | ton. Key rail rates for 1986-89 are com- 
Lake Superior 37,962 31,677 41,835 46,098 45,296 pared in the text table. 

Lake Michigan 7,503 7,497 6,032 6,660 5,742 Published nominal ocean freight rates 

Eastern Canada 7,542 7,108 8,109 9,209 9,480 | for iron ore from eastern Canada to U.S. 
Total!: 53,008 46,282 55,976 61,966 60,518 mid-Atlantic ports were $3.50 to $3.75 

US. flag fleet shipments? 44,027 39,457 48,952 55,028 51.799 | Per deadweight ton (dwt) of cargo, but 
nn some spot rates quoted for cargoes of 

Percent carried by US. fleet 83 8ST 8D «8 | 60,000 to 110,000 dwt were as low as 
jincludes transshipments. Data may not add to totals shown because of independent rounding. $2.75 per dwt. 
Includes mill scale, scarfer ore, and slag in addition to iron ore. 

Source: Lake Carriers’ Association Annual Reports. 

PRICES 

Since 1980, the number of U.S.-flag | 1988. Separate statistics for the United- 
vessels on the Great Lakes has dropped | States are not published to protect Very few published prices for domesti- 

from about 140 to 69. At the same time, | proprietary company information. All-rail | cally produced pellets changed in 1989. 

the average carrying capacity has risen | shipments of pellets from Minnesota by | CCI and Oglebay Norton were both still 

from 20,900 mt to 28,700 mt. Of the 69 | the Duluth, Missabe and Iron Range | quoting a price of 72.45 cents per long 

vessels, 64 are self-unloaders. Only 65 | Railway Co. and connecting lines | fon unit of iron, natural, for their standard 
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Dollars per long ton 

From To Type of rate! Nov. 17, Jan. 1, Jan. 16, Jan. 1, 
1986 1988 1989 1990 

Lake Erie ports Pittsburgh district Multiple car 10.62 11.07 12.42 11.53 

Do. Steubenville, OH, and Weirton, WV do. 9.60 10.00 10.37 10.47 
Baltimore, MD Pittsburgh district do. 11.49 12.51 12.98 13.11 

Do. do. Single car 15.77 16.82 16.82 16.82 

Philadelphia, PA doi (itsti‘SéO!!O!U!U!!!!U(«wWO!!UWGABR!!”!~C«~NS7?.~«W‘CT‘«S.—SS”S*S.ST 
Mesabi Range Granite City, IL | Multiple car 19.07 19.69 19.69 19.69 

| Mobile, AL Birmingham district do. 9.9] 10.33 10.33 (2) 
Pea Ridge, MO do. do. 6.41 6.41 6.41 6.41 

‘As a result of the Staggers Rail Act of 1980, which partially deregulated the railroads, it has become difficult to obtain accurate freight rate data. Published tariff rates are only suggested rates and may be 
significantly higher than the actual contract rates. | 

Quotation discontinued. 

Sources: Cleveland-Cliffs Inc., Minnesota Mining Directory, and Skillings’ Mining Review.. 

grades of Lake Superior pellets. A long | Canadian pellet value of $33.37 because | steel industry. Virtually all exports con- 
ton unit (Itu) is equivalent to 0.01 long | Canada also sold limited quantities of | sisted of pellets and concentrates shipped 
ton, or 22.4 pounds. The quotation in- | high valued, specially processed concen- | via the Great Lakes to Canadian steel 
cluded delivery to rail-of-vessel at Jower | trates to the U.S. chemical industry. | companies that are partners in U.S. 
lake ports. The Eveleth special grade of | Other average f.o.b. values compiled un- | taconite projects in Minnesota and Michi- 
Oglebay Norton was listed slightly higher | der the new harmonized tariff system are | gan. Consumption of iron ore at Canadi- 
at 74.00 cents per Itu. Mineral Services | compared in the text table. an blast furnaces totaled 13.98 Mmt, 
Inc. continued to quote its lower price of | 
58.00 cents per Itu set in August 1985. 
At that time, Pickands Mather and In- 1 f product Country of orie; Average unit value 
land abandoned the traditional lower lake YPe OF Prowuc OUBITY OF OTIEIN (dollars per metric ton) 
pricing base and began quoting 59.40 | Coarse ores Venezuela 23.69 
cents per Itu for pellets delivered to hold Fineores = Brail 4659. 
of vessel at upper lake ports. At yearend Do Ganadati tg 
1987, Inland dropped the price of its IS 
Minorca pellets to 46.84 cents perltu,but |___ Po Maauritamign 17H 
Pickands Mather refused to follow. The Do. Venezuela 23.64 
59.40 and 46.84 quotations were still in | Pellets Brazil 28.21 
effect at the end of 1989. USX also de- Do. Canada 33.37 
cided to retain its 1987-88 quotation. The Do Si 
price for Minntac acid pellets was left at_ | —---VY__-$ 
37.344 cents per dry Itu of iron, delivered | D&S 9825S 

_ | into railcars at the Minnesota mine. This | Source: Bureau of the Census. 
price equated to about $23.83 per long 
ton of undried pellets containing 63.82% 
Fe and 2.51% moisture. The range of all Published f.o.b. prices for DRI were | almost 6% more than that of 1988. U.S. 
of the above prices was approximately | also unchanged from those quoted in | material accounted for 5.44 Mmt, or 
equivalent to $34.50 to $46.37 per long | 1988, and were as follows, per mt: at | 39% of the blast furnace total. An addi- 
ton of pellets containing 64% Fe, deliv- | Georgetown, SC, $125 to $135; at | tional 147,000 mt of U.S. material was 
ered rail of vessel at lower lake ports. | Contrecoeur, Quebec, $115; and at Point | consumed at Canadian sintering plants. 

Prices for most Canadian and other | Lisas, Trinidad and Tobago, $120. In U.S. imports of iron ore dipped slight- 
foreign ores marketed in the United | 1989, the customs value of DRI imported | ly to 19.60 Mmt, despite the pickup in 
States are normally not published. The | from Venezuela ranged from $114 to | blast furnace activity. Total tonnage for 
one exception was CCI’s quotation for | $118 per mt. 1989 was 12% greater than the mean of 
Wabush pellets, which remained at 63.5 the previous 5 years, 17.51 Mmt, and was 
cents per Itu f.o.b. Pointe Noire, Quebec. | _.  CC—C—C‘“‘CSCC#SL: equivalent to abtoutt 26% of ore consump- 
The average f.0.b. value of all Canadian tion. Sharp drops of imports into the Bal- 
ores and agglomerates imported by the FOREIGN TRADE timore and Philadelphia customs districts 
United States, as determined from data (22% and 21%, respectively) offset small 
compiled by the Bureau of the Census, U.S. exports of iron ore were slightly | increases at lower lake and gulf ports. 
was $34.30 per metric ton (mt). This | higher than those of 1988 because of | Canadian ores accounted for 44% of 
value was slightly higher than the average | improved demand from the Canadian | total U.S. imports; however, since 1982, 
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Canada has had to struggle to maintain | (EC), Japan, and the Republic of Korea. | in Indonesia, Mexico, and Venezuela was 

its share of the increasingly competitive | Australian shipments, in second place, | largely responsible for the 13% increase 

U.S. market. In 1989, Canada’s share | rose from 98.2 to 107.6 Mmt, primarily | in world DRI production between 1988 

slipped to 11%, the lowest level in more | because of increased imports by Japanese | and 1989. About 47% of the total out- 

than 10 years. Brazil, the second largest | steelmakers who produced 80.2 Mmt of | put for 1989 was produced in Latin 

supplier, increased its share slightly to | hot metal in their blast furnaces. Aus- | America. The four-module, 1.67-Mmt- 

6.9% from 6.7% in 1988. Venezuela was | tralian exports to Europe stood at 21.09 | per-year Soviet complex at Stary Oskol 

close behind with a 5.7% share and was | Mmt (on a dry weight basis) and were | was operating at 102% of rated capacity 

more competitive in 1989 because it had | down slightly from the record 22.19 Mmt | and accounted for an additional 11% of 

a transfer vessel anchored at the mouth | of 1988. The recently expanded EC | the 15.94 Mmt. | 

of the Orinoco River. received a total of 140.3 Mmt of ore and In the past, iron ore exporters normal- , 

As a result of the Omnibus Trade and | agglomerates, again edging out Japan as | ly completed their annual price negotia- 

Competitiveness Act of 1988, much more | the world’s principal importer. Japanese | tions in Europe before fixing prices in 

detail became available on iron ore enter- | imports increased 4% from 123.4 Mmt | Japan. The tradition arose because Euro- 

ing the United States after January 1, | to 127.7 Mmt. pean contracts are based on the calendar 

1989. The eight new classification cate- World production of pellets was esti- | year, while Japanese contracts are on an 

gories and their accompanying HTSUS | mated at 233 Mmt, about 91% of rated | April-to-March fiscal year. However, for 

numbers are listed in the text table. capacity. Preliminary data suggest that | the third consecutive year, Japanese ore 
pelletizing plant output was only slight- | buyers completed key price negotiations 

sy higher than the 227.8 Mmt reported | before their European counterparts. 

HTSUS No. Description for 1988. Most plants in Brazil, Canada, For the fifth year in a row, excess 

OXIDES Sweden, and the U.S.S.R. were operating | stocks of sinter fines overshadowed the 

5601.11.0030. Concentrates. | Close to capacity. Producers in India, | negotiations. Ore producers, though, 
>601.11.0060.. Coarse ores. Peru, and the United States began re- | were determined to win price hikes and 

EE | opening facilities idled in the wake of the | end the discouraging price descent that 
2601.11.0090 ss sC*@Fimecores. ~———s |: 1981 downturn. More and more cus- | had plagued them for 7 years. Formal 
2601.12.0030 Pellets. tomers asked plant managers to switch to | negotiations between Cia. Vale do Rio 

2601.12.0060 Briquettes. self-fluxed or olivine-base pellets. | Doce (CVRD) and purchasing agents of 

1601.12.0090 Sinter and other | Dolomite-limestone fluxed pellets con- | the West German steel industry began on 

agglomerates. tinued to be made in record amounts in | November 21, 1988, but stalled when 

SULFIDES Australia, Canada, Japan, and the United | CVRD insisted on a 20% price hike. 

seayananan Wn ed ea. | states. Japanese steelmakers, realizing that some 

St a World output of DRI was estimated by | form of price hikes was inevitable, quickly 

2601.20,.0000 0 sRasted pyrites. | Midrex Corp. at 15.94 Mmt, about 63% | settled with Hamersley Iron Pty. Ltd. on 

PRIMARY CHEMICALS _| of installed capacity.!” The low utiliza- | December 14, 1988. Hamersley, the 
2827.33.0000 Iron chlorides. tion rate was owing more to startup | largest producer in Australia, won price 

9833.29.2000 Iron sulfates. delays at new plants and other technical | hikes of 13.0% for fines and 17.3% for 

ss _] problems than to market factors. A | lump. The speedy Hamersley accord 

breakdown by country is given in the | forced CVRD to settle for similar price 
| “Tron and Steel” chapter. At eight gas- | increases from Rohstoffhandel GmbH 

WORLD REVIEW based plants, production actually ex- | and Erzkontor Ruhr GmbH, breaking 

| ceeded rated capacity. Hot-briquetted | the impasse in Europe. The two agree- 

iron (HBI), an enhanced form of DRI, | ments set the tone for all of the other 

At least 47 countries mined iron ore | was in considerable demand throughout | negotiations. By the end of the negotia- 

during the year, producing a total of 922 | 1989. Merchant DRI remained in direct | tion period, every major producer had 

Mmt. The U.S.S.R. was the largest | competition with high-quality home scrap | won price hikes ranging from 12.2% to 

producer, with an output of about 172 | (i.e., scrap internally generated within the | 27.8%. As in past years, premiums were 

Mmt of concentrate or direct-shipping ore | steelworks). The long-term outlook for | paid on pellets and lump. Prices negoti- 

plus 67.0 Mmt of pellets. Soviet produc- | DRI was favorable because of the rapid | ated under Japanese contracts for fiscal 

tion accounted for about 24% of the | dropoff in the generation of home scrap | year 1989 were reported as shown in the 

world’s marketable output in terms of | since the advent of continuous casting. | text table (f.o.b., in U.S. cents per dry Itu 

metal content. World production of pig | Efficiency improvements at rolling mills | of iron). 

iron, which directly reflects ore consump- | had made the home scrap dropoff even On an f.o.b. (shipping port) basis, most 

tion, increased slightly to 539 Mmt. more pronounced. 1989 prices apparently ranged from about 

The world ore trade was estimated at The first of two Midrex modules was | $9.25 to $21.60 per dry metric ton (dmt) 

424 Mmt, of which about 87% was | started up at the new Misurata plant in | for fines, $16.95 to $21.70 per dmt for 

oceanborne.!® Brazil, the leading ex- | Libya. New units were also brought on- | lump, and $26.35 to $35.70 per dmt for 

porter, shipped 113.7 Mmt to world mar- | line in India and the Republic of South | pellets. Delivered prices (at receiving port) 

kets in 1989, an increase of 8%. The top | Africa, raising global DRI capacity from | were about $2 to $15 higher, depending 

three customers of the Latin American | 24.39 Mmt to 25.11 Mmt. The improved | on ocean freight costs. Seaborne trade in 

giant were the European Community | utilization of existing gas-based facilities | iron ore was at its highest level in more 
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| . Prices 

Country and producer Ore type (April 1 to March 31) 
| Fiscal year 1988 Fiscal year 1989 

Australia: 

Hamersley Iron Pty. Ltd. and Mount Newman Mining Co. Pty. Ltd. Lump ore 28.78 33.76 
Do. Fines 23.68 26.76 

Robe River Iron Associates do. 20.51 23.18 
Savage River Mines Ltd. Pellets 36.46 42.77 

Brazil: 

Cia. Nipo-Brasileira de Pelotizacao (Nibrasco) | do. | 38.54 45.20 
Cia. Vale do Rio Doce (Carajas) | Fines 21.23 23.99 

Do. Lump ore 24.92 30.99 
Cia. Vale do Rio Doce (Itabira) do. 22.24 25.60 
Mineracoes Brasileiras Reunidas S.A do. 21.77 25.05 
Do. Fines 21.73 24.46 

Samarco Minerac4o S.A Pellet feed 17.46 19.73 
Canada: Iron Ore Co. of Canada (Carol Lake) Concentrates 20.25 22.88 

Chile: . 

Minera del Pacifico S.A. (El Algarrobo) Pellets 32.98 40.73 
Minera del Pacifico S.A. (El Romeral) . Fines 16.44 18.58 

India: 

Minerals and Metals Trading Corp. (Bailadila) | Lump ore 27.75 32.55 
Do. Fines | 22.15 25.71 

Liberia: LAMCO Joint Venture Operating Co. do. 18.58 21.00 : 
Peru: Empresa Minera del Hierro del Pert S.A. ; Pellets 27.59 () 
South Africa, Republic of: 

South African Iron and Steel Industrial Corp. Ltd. | Lump ore 292.21 226.05 
Do. | Fines 718.03 20.37 | 

INo quotation published. 

Price per dry metric ton unit. 

Source: The TEX Report (Tokyo), v. 22, No. 5185, June 21, 1990, p. 7. 

than 8 years.!8 The high shipping level | rates for spot charterings to the EC from Rates for cargoes of 120,000 to 
was brought on by the continuing world- | Western Australia ranged from $7.90 to | 150,000 dwt to Japan from Western Aus- 
wide upswing in pig iron production. | $12.50 per dwt for cargoes of 120,000 to | tralia ranged from $4.85 to $6.75. Higher 
World production of pig iron was esti- | 140,000 dwt, compared with $6.75 to | rates applied to Port Latta in Tasmania 
mated to be 539 Mmt, an alltime high, | $9.70 in 1988. The 1989 rate ranges for | because it cannot accomodate vessels 
with blast furnaces in the market econ- | other shipments to the EC are shown in | greater than 95,000 dwt and is farther 
omy countries operating at rates not seen | the text table. from Japan. Rates to Japan from the 
since the peak year of 1979. The increase 
in iron ore trade came at a time when | ——————— 
shipments of coking coal, grain, and Cargo size Rate 
several other major dry bulk commodi- Country Loading port (thousand dead- (dollars per 

ties were also elevated. Shipowners were | CC‘ MC CWeight tons) deadweight ton) 
both delighted and wary because the in- | Brazil South Atlantic ports 100-150 6.10- 9.50 
crease came on the heels of 2 years of Do. do. 200-240 5.65- 7.50 
strong growth. Ocean freight rates for | Canada Sept-Iles or Port Cartier 100-140 §,00- 9.75 
Iron ore resumed their upward climb | Fite, Buchanan or Monrovia 60- 80 5.75- 8.75 during the second half of 1988. Rates pla-_ |) —————"— ——— 
teaued in the spring of 1989, dropped | Mauritania Nowadhibou 80-130 4.30- 5.25 
somewhat during the summer, but South Africa, Republic of Saldanha Bay | 100-200 6.40-10.00 

bounced back again in the fall. The | Sweden Narvik (Norway) 80-130 2.90- 5.00 
recovery in freight rates helped make | Venezuela Puerto Ordaz or Orinoco Delta 40-120 7.75-10.50 
short-haul supp liers like . Sweden . and Sources: Drewry Shipping Consultants Ltd. (London), Maritime Data Network Ltd. (London), Simpson Spence & Young Shipbrokers Ltd. Mauritania more competitive. Published | (London), and The TEX Report (Tokyo. 
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Brazilian port of Tubarao for cargoes of Savage River Mines Ltd. and a subsidi- | of five ore bodies having combined 

similar size were $11.65 to $14.75. ary of the Broken Hill Pty. Co. Ltd. proven reserves of 290 Mmt averaging 

(BHP), the BHP Steel International | 63.0% Fe and 0.006% P. The 64 East 

Capacity Group. Shipments of ore and pellets | and Channar ore bodies were being 

Integrated j ‘ons have be- reported by individual companies were as | developed first. The ore was to be crushed 

ntegrated iron ore operations have follows, in Mmt: Hamersley Iron Pty. | on-site and then transported 20 km by 
come extremely complex and resemble | J +q 49.91: Mount Newman Mining Co. | overland conveyor to Hamersley’s neigh- 
medium-sized towns in some Cases. The Pty. Ltd., 27.01; Robe River Iron As- | boring Paraburdoo Mine. The overland 

production capacity of an operation of | sociates, 22.34; Goldsworthy Mining | conveyor consisted of two flights, each 

this magnitude is determined by equip- | Lid (GML), 6.20 (dry); BHP-Yampi | approximately 10 km long. The first flight 
ment limitations at several stages Of | Sound, 3.50; BHP-Middleback Ranges, | was built in a curve to avoid adverse 
recovery. To simplify analysis and make | 5 69- and Savage River Mines Ltd., 2.29. | topography between the mine and the 
comparisons of individual mines easier, | Fynorts of ore and pellets rose 10% | midpoint transfer station. At Paraburdoo, 
data were collected that represent the | between 1988 and 1989 because of in- | the ore was to be run through the exist- 
rated or design capacity at three Key | creased sales to China, Japan, the Repub- | ing tertiary crusher, screened, and then 

points in the recovery process: crusher- | tic of Korea, and Taiwan. Exports totaled | blended with Paraburdoo material. From 

screen output, concentrator output, and 108.1 Mmt, with 53% of the tonnage | Paraburdoo, the ore blend was to be 

furnace output. These three points Were | soing to Japan. railed to Hamersley’s porthead at Damp- 
chosen because they serve to readily | ~ fy) May 1989, Hamersley, Mount | ier on the Indian Ocean. 

separate the mining, beneficiating, and | )jewman, and Robe River concluded | Mount Newman, the second largest 
agglomerating stages of the operation. At | negotiations on a second generation of | iron ore operation in Australia, moved to 

the first ee Po the ez be. aurea’ long-term contracts with the Japanese | increase production after a series of work 

fo a wale ela of iy if b ‘ler ‘ iverte¢ | steel industry. The new contracts re- | stoppages in late 1988. The managing 
or sale or tolling if bottlenecks occur | quired annual price negotiations and were | partners, led by BHP Minerals Ltd., were 

either downstream at the operation or Up- | much shorter in duration than in the | involved in lengthy labor negotiations — 

stream at competitors’ facilities. past—extending for only 7 years instead | with the unions. The negotiations were 

Changes in the economics of the | oF 15 to 30 years. The base annual ton- | expected to lead to significant changes in 
process could also make diversion feasi- | nase specified by the contracts was | work practices. If adopted, these changes 
ble. Table 18 shows world pelletizing | equivalent to about 30% of Australian | could improve productivity by as much 

: capability at the close of 1989. The data capacity. as 20%. 

represent the rated capacities of 82 plants Hamersley, the largest iron mining | By mid-1989, development of Orebody 

in 26 countries. Five of the plants were | company in Australia, reported record | 25 (Ferro Gully) was well underway, and 

near or part of integrated steelworks | shipments and earnings in 1989. Ship- | production from Orebody 29 (Marra 

and had no captive iron mines. A sixth, | ments were 22% more than those of | Mamba) had significantly increased. 
the natural-gas-based merchant operation | 1988 and consisted of 29.55 Mmt of | However, on August 30, part of the south 
in Bahrain, was also dependent on im- | cinter fines (-6 millimeters [mm]) and | wall of the Mount Whaleback pit col- 

ported feed. A significant part of the data | 9 33 Mmt of lump ore (-30 + 6 mm). | lapsed.2° The collapse severely hampered 

was collected by the International Iron | The hematite ore came from two open | the company’s efforts to increase produc- 
and Steel Institute in 1987. The table ex- | )it mining complexes in the Pilbara | tion because it isolated a large deposit of 

cludes plants that have not produced | region of Western Australia. Together, | high-grade ore and cut Mount Whale- 

since 1982. Four of these idled plants are | the two mines, Mount Tom Price and | back’s production rate by one-third. The 
identified in the table footnotes because | paraburdoo, had an installed annual | collapse was attributed to the oxidation 
they could be reactivated in some realis- | capacity of 46 Mmt of marketable prod- | of pyrite in a black shale unit that 
tic scenarios. Table 18 also excludes all | ct The productivity of the entire | weakened the entire section. No one was 

of the world sintering plants. Similar | tamersley operation jumped dramat- | injured, but rock bolts had to be installed 
tables were being developed by the | icaty foliowing the reorganization of | to prevent further slippage. New haul 
Bureau of Mines that list world crude ore | the company in 1987. Hamersley was a | roads also had to be constructed and sub- 
production capability and world concen- | Wholly owned subsidiary of CRA Ltd. | stantial amounts of overburden removed. 
trating capability. and had more than 3,700 employees in | Mount Newman engineers began increas- 

. Western Australia. ing production from the central and 

Australia Development of the Channar Mine, 20 | western ore bodies to compensate for the 

The Australian iron ore industry | km east of Paraburdoo, was well under- | lost output from the eastern ore body. 

produced 108.7 Mmt of marketable | way with production scheduled to begin | The pit was eventually redesigned with 

material in 1989, breaking its previous | in January 1990 at the rate of 3 Mmt per | the 20 Mmt-per-year in-pit crusher being 

record of 105.3 Mmt set in 1987. The | year.!? The mine was to be managed by | relocated further east. 

major producers were trying to operate | Hamersley, with all of the output going Robe River’s shipments rose dramati- 

at full capacity to meet growing world de- | initially to integrated steelworks in China cally between 1988 and 1989 because of 

mand for lump ore, but were hampered | under long-term contracts. The operation increased sales to Kawasaki Steel Corp. 

by labor disputes and work stoppages. | was a joint venture between CRA (60% | Kawasaki raised its purchases from about 

Pellet production increased slightly to 3.6 | equity) and China Metallurgical Import 750,000 mt to 2,500,000 mt after Mount 

Mmt. There were two pellet producers: | & Export Corp. (40%). Channar consists | Newman was forced to limit deliveries. 
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Robe River was in the midst of a major | Mather would acquire all of the other in- | 10.72 Mmt, despite some loss in capaci- 
expansion and was scheduled to expand | terests on October 1, 1990. At the same ty owing to the production of fluxed 
capacity to more than 25 Mmt per year | time, capacity would be drastically cut pellets. The two Carol Lake pelletizing 
by 1992. The company’s stockpiling, ship- | back from 2.5 Mmt to 1.3 Mmt. The Tas- plants have a total of six traveling-grate 
loading, and rail terminal facilities are at | manian mining and pelletizing complex, | furnaces with a combined design capaci- 
Cape Lambert at the eastern end of the | in operation since 1986, had been ex- | ty of 10.5 Mmt per year. Furnace oper- 
Dampier Archipelago. The railroad from | periencing financial difficulties. Savage ating rates were at an alltime high, while 
the East Deepdale Mine to Port Walcott | River had been scheduled to close in Sep- | fuel oil consumption rates were at the 
and Cape Lambert was being upgraded | tember 1990, but the restructuring would | lowest levels on record. The shipment of 
to handle 200-car unit trains capable of | extend the life of the complex to 1995. | red ore exhausted the stockpile of blended 
hauling 15,000 to 20,000 mt of ore. The Schefferville ores that had been main- 
ore stockyards and loading facilities at | Camada tained at the Sept-Iles yards since 1983. 
Cape Lambert were also being mod- The Canadian iron ore industry was in | IOC closed its Knob Lake mines near 
ernized. The port modernization will in- | the midst of a major restructuring. Six | Schefferville at the nadir of the 1982-84 
crease Robe River’s loading capability | mining complexes operated during the | recession because of declining demand in 
from 110,000 mt per day to 150,000 mt | year, but the two smallest, Adams and | the United States for direct-shipping ores 
per day. Sherman, were permanently closed on | and problems in developing a viable mar- 

During the first quarter of 1989, Golds- | March 31, 1990. Both MacLeod and | ket for a Schefferville sinter feed. 
worthy commissioned its new 3.0-Mmt- | Mount Wright had new owners by the | Quebec Cartier Mining Co. (QCM) 
per-year beneficiation plant at Port Hed- | end of 1989. The solvent partners of the | was the largest producer in North Ameri- 
land. The plant was using jigs and spirals | complexes at Carol Lake and Wabush | ca in 1989, edging out IOC by less than 
to recover the concentrate by gravity | were discussing how to adjust equities to | 1 Mmt. QCM shipped 7.95 Mmt of con- 
separation. BHP-Utah Minerals Interna- | compensate for the defaults of Wheeling- | centrate, 6.58 Mmt of acid pellets, and 
tional, the minor partner in Mount | Pittsburgh and LTV. 1.59 Mmt of fluxed pellets from its ter- 
Goldsworthy Mining Associates, was Most of the industry operated near ca- | minal at Port Cartier. All of the marketa- 
considering buying out CFG-Iron Hold- | pacity throughout 1989, despite these | ble concentrate and pellet feed came from 
ings Pty. Ltd. (a 100% subsidiary of | changes. The supply and demand picture | the company’s Mount Wright mining 
Hanson PLC. and Consolidated Gold | was almost identical to that of 1988. The | complex near Fermont. The Mount 
Fields PLC). The purchase of Hanson’s | six complexes shipped a total of 40.9 Wright ore had been averaging 32.1% Fe 
70% would allow BHP to integrate the | Mmt of iron ore products on a wet | and was typically a fine-grained specu- 

| Goldsworthy operation into BHP’s | basis.22 Production was estimated to be | larite with less than 5% magnetite. 
Mount Newman venture and consolidate | 40.6 Mmt, about 81% of active capaci- | Proven in situ reserves exceed 2.5 billion 
the Finucane Island and Nelson Point | ty. Canadian iron and steel plants | tons. In 1989, the beneficiating plant at 
loading facilities in Port Hedland. consumed 15.5 Mmt of ore and agglom- | Mount Wright processed about 16.5 

In South Australia, the Long Products | erates, about 4% more than the tonnage | Mmt of concentrate containing 64.0% 
Division of BHP began developing a new | reported for 1988. Preliminary data indi- | Fe and 4.7% SiO,. The concentrate was 
area in the South Middleback Ranges.! | cated that exports were about 30.2 Mmt being shipped 415 km on the company- 
The new area encompassed three sepa- | on a wet basis, down slightly from the | owned Cartier Railway to Port Cartier in 
rate deposits: the Iron Duke, the Iron | previous year. The main market for | unit trains of about 19,000 mt. 
Duchess, and the Iron Knight. The three | Canadian ore continued to be Western For the third year in a row, the Port 
deposits would supply high-grade ore to | Europe. In 1988, Canada’s three largest | Cartier pelletizing plant operated above 
BHP’s Whyalla steelworks over the next | customers were the EC (53.9%), the | the 8.0 Mmt level, far exceeding its origi- 
25 years and would replace depleted | United States (33.4%), and Japan (7.2%). | nal design capacity of 6.0 Mmt per year. 
reserves at BHP’s Iron Baron Mine. The | Pellets made up 57.6% of the tonnage ex- | In late 1989, the company purchased 10 
$50 million project was being managed | ported that year; concentrates, 42.4%. | new pelletizing disks that effectively 
by Baulderstone Hornibrook Group, with The Iron Ore Co. of Canada (IOC) | raised the plant’s capacity to 8.4 Mmt per 
Kinhill Engineers Pty. Ltd. responsible | shipped 15.14 Mmt of iron ore products year. The Port Cartier plant, completed 
for design of the ore-handling plant. The | from its docks at Sept-Iles, Quebec. The | in 1979, had two traveling grate furnaces 
new Iron Duke pit was turned over to | total included 8.11 Mmt of standard acid | with a combined design output of 7.50 
BHP in September 1989. The existing rail | pellets (including 391,000 mt of pellet | Mmt per year. The older of the two fur- 
line was being extended, together with | chips), 1.73 Mmt of fluxed pellets, 5.13 naces, which started up in November 
powerlines and a water pipeline, from the | Mmt of concentrates, and 177,000 mt of 1977, was set up to produce low-silica 
Iron Baron Mine to the new area. The | Schefferville red ore. All of the material, | pellets for direct reduction plants. Con- 
ore-handling plant and railroad were to | except the red ore, was produced at the | centrate for the low-silica line was routed 
be jomtly commissioned in February | company’s Carol Lake complex in through an upgrading plant employing 
1990. Labrador. The beneficiating part of the | wet high-intensity magnetic separators. 

Pickands Mather & Co. International | Carol Lake operation is designed to | Both fluxed and acid varieties have been 
and its five Japanese partners were in the | produce 10 Mmt per year of concentrate produced. The low-silica fluxed pellet, in- 
process of restructuring the ownership | for direct sale and 10 Mmt per year of | troduced in 1986, had been averaging 
and operation of Savage River Mines. | pellet feed. The agglomerating part of the | 66.08% Fe, 0.020% P, and 2.27% SiO, 
Under the restructuring, Pickands | operation set a new production record of | ona dry basis.23 The SiO, content of the 
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| low-silica acid pellet tended to be slight- | Japanese trading company with direct or | A new stacker was commissioned at the 
ly lower and, in past years, ranged from | indirect ownership interests in iron mines | Pointe Noire yards in mid-1989, and new 
2.15% to 2.30% SiO, on a dry basis. As | in Australia and Brazil. Mitsui was the | equipment was ordered to reduce stack | 
in 1988, most of the low-silica pellets | largest importer of iron ore into Japan in | emissions from the pelletizing plant. A 
went to the DRI plants of Sidbec-Dosco | 1989 and was responsible for about 22% | computerized truck dispatch system was 
Inc. at Contrecouer, Quebec, and | of the tonnage delivered to the Japanese | installed at the Scully, and two new 
Georgetown Steel Corp. at Georgetown, | steel industry. CAEMI was a Brazilian in- | 170-short ton production trucks were pur- 
SC. It is important to point out that less | dustrial group whose main interests were | chased for the pit. 
than 15% of the 1989 production run | in mining and metallurgy. The Brazilian At yearend, the active partners were 
was devoted to low-silica pellets. The bulk | company was set up in 1950 to run the | evaluating a proposal that would restruc- 

| of Port Cartier’s output was standard acid | Serra do Navio manganese mine of In- | ture ownership interests and resolve prob- 
pellets averaging 64.56% Fe, 0.009% P, | dustria e Comercio de Minerios S.A. | lems created by the bankruptcy filings of 
and 4.74% SiO, on a wet basis. (ICOMI) in the Federal Territory of | LTV and Wheeling-Pittsburgh. The 

Since August 1989, QCM has been | Amapa, but had since diversified into | bankruptcy claims against LTV for 
owned by Dofasco Inc. (50% equity), | iron mining and the transportation of | defaulting on the Wabush venture were 
Mitsui & Co. Ltd. of Japan (25%), and | bulk materials. CAEMI owned 70% of | excluded from the LTV settlement agree- 
Companhia Auxiliar de Empresas de | Mineracdes Brasileiras Reunidas S.A. | ment approved in August 1989. LTV 
Mineracao (CAEMI) of Brazil (25%). | (MBR), the second largest iron ore pro- | notified the partnership that it no longer 
Dofasco, the largest integrated steel pro- | ducer in Brazil, and had an international | wished to participate in the venture and 
ducer in Canada, was to take 2 Mmt of | network of sales agents that marketed | put its 15.6% interest up for sale. The sol- 
fluxed pellets annually from the Port | both iron and manganese ores. vent partners had rights of first refusal 
Cartier plant under a long-term contract Wabush Mines shipped 6.20 Mmt of | under the existing project agreement. 
that took effect in March 1990. The | pellets, approaching the record of 6.32 | Wheeling-Pittsburgh’s shares in the part- 
fluxed pellets were being shipped 1,500 | Mmt set in 1984. The company’s | nership were being held temporarily by 
km up the St. Lawrence Seaway to | beneficiating and agglomerating complex | CCI with approval of the bankruptcy 
Dofasco’s four blast furnaces at Hamil- | at Pointe Noire, Quebec, exceeded its | court. 
ton, Ontario. The takeover of QCM | rated capacity of 6.1 Mmt by 2%. Three Algoma’s integrated steelworks at 
allowed Dofasco to replace fluxed pellets | types of pellets were made—comparable | Sault Ste. Marie, Ontario, consumed 

~ | from its Adams and Sherman Mines with | acid and fluxed pellets containing no | more than 4 Mmt of iron ore products 
less expensive ones from Port Cartier and | more than 1% manganese (Mn) and an | in 1989. Receipts included about 2.4 
still satisfy Hamilton’s requirements. The | acid grade containing 2% Mn. Mmt of Tilden pellets brought across 
two smaller mines, near Kirkland Lake All of the pellet feed for Pointe Noire | Lake Superior from Marquette, MI, and 
in northern Ontario, were closed as sched- | came from the Scully Mine in south- | 1.23 Mmt of superfluxed sinter railed 
uled following the changeover. Dofasco | western Labrador, which had been in | down the northeastern shore of the lake 
had been buying pellets from QCM on | operation since 1965. The mine and con- | from Wawa. 
the open market for several years, making | centrator are near the town of Wabush The Algoma Ore Division at Wawa 
extensive blast furnace trials unnecessary. | at the southern end of the Labrador | had been shipping sinter to Sault Ste. 

The sale of QCM was a somewhat | Trough. Over 50 years of reserves aver- | Marie since 1939. The bulk of the iron 
complicated affair. On March 31, 1989, | aging 35.2% Fe remain, and less than | units for the sinter came from siderite 
Dofasco purchased 25% of the outstand- | 60% of the ore body had been stripped. | mined at the George W. MacLeod Mine, 
ing shares of QCM from USX Holdings | The principal ore mineral is a friable, | an open stope and pillar operation in the 
Inc. The USX unit then signed a letter | specular hematite that occurs ina highly | Michipicoten Range, a complex assem- 
of intent to sell the remaining 75% of its | folded, Lake Superior-type banded iron | blage of Precambrian volcanic and sedi- 
equity in the mining operation to Elder | formation of Early Proterozoic age. The | mentary rocks. Approximately 313,000 
Resources North America, a subsidiary | specularite is frequently associated with | mt of purchased roll scale, 180,000 mt of 
of an Australian investment group. | manganese in the form of pyrolusite or | Michigan limestone, 70,000 mt of iron 
However, Dofasco decided to exercise its | psilomelane. oxide wastes from Sault Ste. Marie, and 
right of first refusal and purchased the Blending of the high- and low- | 50,000 mt of petroleum coke were mixed 

| other 75% of QCM from USX on June | manganese iron ores was required to en- | with the siderite to make the 1.23 Mmt 
30. The Canadian steelmaker acquired | sure a constant ore grade for the concen- | of superfluxed sinter. The final product 
control of the Cartier Railway Co. and | trator. Humphrey spirals were used to | averaged 48.4% Fe and 7.7 SiO). 
U.S. Steel Canada Inc. as part of the | make an initial concentrate, which was In August 1989, Algoma announced 

| agreement. USX reportedly sold QCM as | then fed to high-tension electromagnetic | that it was halting all underground de- 
part of its asset redeployment program. | separators for further upgrading. Two | velopment work at the MacLeod.24 The 

Mitsui and CAEMI were invited to be- | types of concentrate were created by the | phaseout was to have been completed by 
come partners to help increase sales of | blending process. One ran 66.45% Fe, | April 1990. The halt affected 44 of the 
QCM ore outside North America. The | 2.50% SiO,, and 1.05% Mn; the other, | 350 employees in the Ore Division. 
two accepted Dofasco’s offer and bought | 65.30% Fe, 2.54% SiO,, and 2.04% | Despite significant improvements in 
50% of QCM on July 31. Both compa- | Mn. At the beginning of 1989, Dofasco, | productivity, the siderite operation had 

| nies were prominent in the international | Stelco, and the four other active partners | been struggling to remain competitive. 
iron ore industry. Mitsui was a major | in Wabush agreed to upgrade operations. | The mining and sintering of siderite, as 
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practiced at Wawa, was more costly than | fund for regional development and a | with a capacity of 1.2 Mmt of ore per 
taconite mining and pelletizing, which | 3-year continuation of mine realty taxes | year. The new plant would supplement 
was better suited to economies of scale. | totaling $3.8 million. the existing wet magnetic concentrator, 
The mine was left with approximately 9 Both Ontario complexes operated con- | which could process up to 4 Mmt of ore 
Mmt of usable reserves, which will per- | tinuously throughout 1989, although ac- | per year. The new concentrator was 
mit Algoma to continue mining siderite | tual mining. was suspended for a few | scheduled to start up in mid-1990 and 
until mid-1992. weeks during the summer. The Adams | was to make pellet feed from ores that 

During 1990 and 1991, Algoma will | produced 1.14 Mmt of fluxed pellets aver- | would have been rejected in the past be- 
conduct cost studies to determine if it is | aging 60.92% Fe and 5.30% SiO, on a | cause of their high-phosphorus content. 
feasible to substitute recyclable iron-rich | wet basis.2° The Sherman joint venture El Laco, CMP’s new magnetite opera- 
waste materials from steelworks in the | had a slightly lower output of 1.03 Mmt, | tion in the High Andes, produced 80,000 
Great Lakes region for a significant part | but the chemical specifications of its | mt of lump ore and 55,000 mt of sinter 
of the siderite. These waste materials | pellets were almost identical to those | fines. The open pit mine is 4,800 m above 
could come from Sault Ste. Marie, Dofas- | from the Adams. The two pelletizing | sea level and is worked only 4 or 5 
co’s steelworks at Hamilton, or a num- | plants continued to produce at full capac- | months of the year because of the severi- 
ber of U.S. operations. The increased use | ity until closure. ty of the weather at that altitude during | | 
of mill scale and other steelmaking wastes . the winter. Shipping began in November 
could have at least two advantages. First, Chile 1988. So far, all of the shipments have 
the steelmaking wastes would raise the Cia. Minera del Pacifico S.A. (CMP) | gone to Altos Hornos de Zapla in Argen- 
iron content of the sinter while diluting | produced 8.44 Mmt of pellets and ore in | tina as part of a 5-year contract that 
the silica. Second, the wastes would | 1989, setting a new record for the restruc- | called for the delivery of 360,000 mt of 
reduce environmental pollution control | tured company.2° Dramatic increases in | lump ore. The lump ore and fines were 
costs, both at Wawa and the originating | production at both the El Romeral and | being trucked across the border to a rail- . 
steelworks. The sintering plant, which | El Laco Mines more than offset a 3% | side storage area at Estacion Olacapatos. 
was commissioned in 1966, was already | drop in output at the Huasco pelletizing | About 65,000 tons of product was railed 
under orders from the Ontario Ministry | plant. The Huasco plant operated close | during 1989 from Olacapatos to the 
of the Environment to reduce sulphur | to full capacity, making 3.48 Mmt of self- | Zapla steelworks at Palpala. 
dioxide emissions. The wastes would | fluxing pellets for blast furnaces and 0.25 CMP shipped 8.84 Mmt of ore and 
lower the sulphur content of the sinter | Mmt of pellets for DRI plants. The | pellets in 1989, 16% more than in the 
feed, reducing sulphur dioxide levels pro- | 4.0-Mmt-per-year facility also generated | previous year. Exports accounted for 7.74 
portionately. If successful, the recycling | 396,000 mt of special pellet feed and | Mmt or 88% of the total. Almost all of 
project could extend the life of the | 121,000 mt of pellet chips. As in past | the remaining 12% was shipped in 
MacLeod Mine beyond 2002. years, the bulk of the preconcentrate feed | coastal vessels to the Huachipato steel- 

As mentioned earlier, Dofasco closed | for Huasco came from the beneficiation | works at Talcahuano in Region VIII. The 
the Adams Mine at Kirkland Lake and | plant at the El Algarrobo Mines, about | integrated steelworks was operated by 
the Sherman Mine at Temagami on | 85 km by rail to the southeast. The Al- | Cia. Siderurgica Huachipato S.A.., a sister 
March 31, 1990. Factors that reportedly | garrobo plant, which employs a dry mag- | company of CMP. Both the iron mines 
led to Dofasco’s decision were as follows: | netic separation process, made 4.60 Mmt | and the steelworks are owned by Cia. de 
difficult mining conditions, declining ore | of preconcentrates averaging about 60% | Acero del Pacifico S.A. de Inversiones 
grades, high rail transportation costs to | Fe from 6.04 Mmt of crude ore. After the | (CAP), the former parastatal iron and 
Dofasco’s blast furnaces at Hamilton, and | preconcentrate reached Huasco, it was | steel group that was privatized in 1987. 
the small size of the two operations rela- | ground finer and put through a wet mag- Thirteen countries purchased material 
tive to other North American iron mines. | netic separator to raise the iron content | from CMP. Of the 7.74 Mmt exported, 
Both mines were managed by Cliffs of | to 68% and drop the phosphorus content | 62% went to Japan, 14% to the Federal 
Canada Ltd., a subsidiary of CCI, and | below 0.05%. The Huasco concentrator | Republic of Germany, and 9% to 
had been in a highly unfavorable cost | can process up to 5.5 Mmt per year of | France. The Japanese steel industry has 
position since 1985. The Adams Mine be- | preconcentrate and had more than | taken El Romeral fines for more than 20 
gan production in 1963 and was owned | enough capacity to satisfy the single grate | years. The purchases were covered by a 
by Jones & Laughlin (now part of LTV | kiln unit. CMP was planning to increase | series of long-term sale agreements 
Steel) until 1971. The Sherman Mine be- | the capacity of the pelletizing plant to 5.0 | worked out in the early 1970’s when Mit- 
gan production in 1968 and was 90% | Mmt per year and reopen the Los Colo- | subishi Corp. and other Japanese trading 
owned by Dofasco, with the remaining | rados Mine to meet the plant’s increased | companies agreed to help finance the 
10% controlled by Tetapaga Mining Co. | requirements for preconcentrate. modernization and expansion of the 
Ltd., a second Canadian subsidiary of Production of direct-shipping ore at El | Chilean iron ore industry. Mitsubishi also 
CCI. Each mining complex had an annu- | Romeral totaled 4.05 Mmt, 46% more | participated in the financing of the Hu- 
al capacity of 1.1 Mmt per year and | than in 1988. The tonnage consisted of | asco plant and had taken most of the 
about 315 employees. Dofasco and CCI | 2.08 Mmt of sinter fines averaging 65.2% | plant’s output since its startup in 1978. 
developed a compensation and benefit | Fe ona dry basis and 1.97 Mmt of lump | During the 1983-86 downturn in Western 
program to alleviate the effect of the shut- | ore. In December 1988, work began at El | markets, CMP became concerned about 
down on the two mining communities. | Romeral on the construction of a $15 mil- | its heavy dependence on the Japanese 
The program consisted of a $4 million | lion grinding and concentrating plant | market and has since signed long-term 
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contracts with steelmakers in France, the | production in both the Lorraine and Nor- | level of 20.1 Mmt in 1989. The largest 
Federal Republic of Germany, the Re- | mandy basins gradually declined over the | gains during the decade were made by | 
public of Korea, and Mexico. {| past 15 years because of competition | Australian and Canadian suppliers. 
CAP has almost 1 billion tons of | from less expensive and better quality | French imports from Liberia and 

demonstrated or inferred reserves distrib- | ores from Australia, Brazil, and Canada. | Mauritania were halved, but the biggest 
uted between seven mining properties as Between 1980 and 1989, pig iron | loser was Sweden, which dropped from 
shown in the text table. production in France fell 19% because | second to seventh place. 

EEE At the end of 1989, there were only 
Property Administrative _Reserve base three producers in France: Arbed SA and 
a egion OO sfamilllion metric tons) | Usinor Sacilor in the Lorraine Basin and 
El Romeral IV 237 Société Métallurgique de Normandie 
El Laco | i 228 (SMN) in the West. The last mine in the 

Cerro Negro Norte Ill 138 Pyrénées, the Batere, was closed in 1987. 
Cristales do. 138 Arbed had two underground mines, 
El Algarrobo do. 99 ponrouge and F erdinan a the Basen 
Tee Calaadng > Amermont, northwest of Thionville. 

ree °°. ® 1989, 3.46 Mmt of ore from the two 
caparra | do. 37 . . 
Tol 557 mines was railed across the border to 

S| Arbed’s three blast furnaces at Esch-sur- | | 
Source: Cia. Minera del Pacifico S.A._ | Alzette in Luxembourg. Usinor Sacilor 

operated the Mairy, Moyeuvre, and 
The company had additional resources | a number of obsolete furnaces were | Orne-Roncourt Mines near Briey. In the 

at Cerro Iman northwest of Copiapo, at | closed as part of the EC steelmaking ra- | West, SMN was in the process of phas- 
Mina Carmen northeast of Chafiaral and | tionalization program. At the same time, | ing out operations at its Soumont Mines 
at El Pleito south of Los Cristales. Cerro | the country’s exports of ore dropped from | south of Caen. Some of the Soumont per- 
Iman and Mina Carmen are both in the | 8.7 Mmt to 3.5 Mmt. The Lorraine ores | sonnel were to be transferred to mines in 
Atacama Desert at the northern end of | were at a disadvantage in recent years be- | | orraine. A limited amount of relatively 
Chile’s coastal magnetite belt. cause of their high-phosphorus content, low phosphorus ore was also coming 

which was at odds with the increasingly | fom Rouge in the Department of Ille-et- 
France stringent chemical requirements of ad- | vijaine 

In 1975, France was the sixth larg- | vanced steelmaking. Total imports of ore 
| est iron ore producer in the world, | declined from 18.6 Mmt to 12.6 Mmt be- one . 

with an output of 49.65 Mmt. However, | tween 1980 and 1983, but returned to Liberia and Guinea 
as the following table shows, iron ore | pre-1983 levels and reached a record-high Liberia was able to export 12.75 Mmt 

S| of iron ore products in spite of its declin- 
Production ing economic situation. The tonnage was 

Year _ thousand metric tons) | only 7% less than the 13.65 Mmt shipped 
Lorraine Western Pyrenees? Other Total | in 1988. The four largest buyers on a ton- 
ein egion® CC]: nage basis Were the Federal Republic of 

1950-59 441,925 28,581 2,937 399 473,441 | Germany (46%), Italy (23%), France 

1960-69 558,375 33,456 1,131 161 593,122 | (8%), and Belgium (7%). 

1970-79 452,268 18,891 792 — 471,951 Production was restricted to two oper- 

1980 27,663 4,219 ~~ 9g ~~ 98,98] | ations, the Bong Mining Co. complex 

81. 20,444 1,049 105 _ 21,598 northwest of Salala in Bong County and 
1939 18.242 1060 109 _ 19.411 the Yekepa complex of the LAMCO 

ee ____§__ Joint Venture in Nimba County. At 
1983 14,935 929 103 _ 15,967 | the beginning of 1989, Bong was plan- 

| 1984 13,986 939 105 — 15,029 | ning to expand mining to the Bong Peak 
1985 13,815 785 80 73 14,753 | area of its concession, while LAMCO was 
1986 11,604 740 92 124 12,560 | working with the Governments of 

1987 10,715 668 29 95 411,507 | Guinea and Liberia to develop the Pierre 
1988 9,369 516 _ _ 49 983 wa deposit across the border from 

1989 9,055 338 — — 49,368 | *CKCPa. _, 
“Total 1980-89 149,830 3.244 7971 01 159,158 Societe des Mines de Fer de Guinée 

$$ OO ———_| pour FExploitation des Monts Nimba 
| ae orraine or Eastern region includes the basins of Longwy, Landres-Ottange, I'Orne, and Nancy. The data represent production of (MIFERGUI-NIMB A) was formed in 

2The Western region includes the basins of Normandy, Anjou, and Brittany. The data represent production of marketable ore. 1973 to speed development of the Pierre 

>The principal mines are in the Pyrenees-Orientales near Mount Canigou. The data represent production of crude ore that is considered Richaud deposit, but the j oint Guinean- 

‘Crude ore production. Marketable production in 1987, 1988 and 1989 totaled 11,225,063, 9,868,967, and 9,319,306 tons, respectively. | Liberian project was stymied by the sub- 

Sources: Les Mines de Fer Francaises en 1989 (U.LM.M.), Annales des Mines, and Statistique de l'Industrie Minerale. sequent decline of world iron ore prices 
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between 1982 and 1988. A 17-km-long | International Mining Co. (NIMCO), was | because of their isolated location, but the 
railroad and turnaround was to be built | to be set up in a neutral, offshore coun- | company was eventually forced to sus- | 
from the Pierre Richaud mine site on | try and would take charge of all revenues | pend shipments and halt production after 
Mount Nimba to the existing LAMCO | and development funds. The Yekepa | rebel forces reached the suburbs of Mon- 
railway terminal at Yekepa. The Guin- | Mines would serve as a bridging opera- | rovia. The political instability in Liberia 
ean ores would then be railed the addi- | tion and would continue to ship ore to | was of grave concern to potential inves- 
tional 263 km to LAMCO’s port facilities | Buchanan until the Guinean mine | tors in the MIFERGUI-NIMBA Project. 
at Buchanan, where they could be | reached full production. This bridging . 
blended and wet screened before export. | operation would prevent key parts of the Mexico 
Use of LAMCO’s existing infrastructure | old LAMCO infrastructure from deteri- Mexican iron ore producers continued 
was needed to make the Guinean mine | orating. The Pierre Richaud has 315 | to satisfy most of the needs of the coun- 
economically viable. The cost of con- | Mmt of measured and indicated reserves | try’s iron and steel industry. The competi- 
structing a separate rail line more than | and would be mined at the rate of 6.0 | tiveness of the Mexican mines was 
350 km to Mount Nimba from the Guin- | Mmt per year. Unfortunately, the future | strengthened when international iron ore 
ean railway terminus at Kankan would | of the entire project is uncertain because | prices rose at the beginning of 1989. Total 
be prohibitive. From Kankan, the ore | of subsequent political events. production of usable ore was 14.8 Mmt, 
would have to be railed an additional On July 29, citing exhaustion of its | a drop of 9.7% from the 1988 tonnage. 
660 km to the harbor at Conakry. The | high-grade reserves, LAMCO halted all | Pena Colorada S.A. and Siderugica 
existing rail line from Conakry to | mining at Yekepa, but continued to | Lazaro Cardenas-Las Truchas S.A. 
Kankan was not designed for heavy-duty | process and ship stockpiled ore from | (SICARTSA) were the principal pro- 
traffic and would have to be upgraded to | Buchanan. The Government responded | ducers of ore and agglomerates, account- 

| handle ore cars. Iron ore loading facili- | by terminating the concession and plac- | ing for 36.5% and 26.8% of the national 
ties and docks would also have to be con- | ing all of LAMCO’s assets under the | total, respectively. Mexican ore reserves 
structed at Conakry. direct control of the Liberian Mining | were estimated to be 587 Mmt. 

The joint Guinean-Liberian project is | Corp. (LIMINCO)—the parastatal part- Mexican blast furnace operators con- 
considered essential to the survival of the | ner in the LAMCO Joint Venture. Short- | tinued to use pellets for the bulk of their 
iron mines at Yekepa. High-grade | ly afterward, African Mining Consortium | iron units. Total pellet production was es- 
reserves at the Nimba and Gbahm pits | Ltd. (AMC) agreed to manage the | timated to be 7.53 Mmt, significantly less 
are almost exhausted. However, there is | Yekepa concession for LIMINCO and | than total demand. As a result, 440,000 
400 Mmt of leaner reserves in the | take over the bridging operation. AMC | mt of pellets had to be imported from 
western area of the concession that could | is a new company formed by British and | Brazil and Chile to meet the demand of 
be developed with additional capital in- | North American investors that has ties | the SICARTSA II complex in the State 
vestment. The 400 Mmt figure includes | to Hanna. AMC was to mine some 12 | of Michoacan. Pena Colorada was the 
225 Mmt of lean ore left in the Tokadeh | Mmt of blendable ore that remained on | leading pellet producer in 1989 with 3.07 
pit. LAMCO spent $12 million to reopen | the Liberian side of the border at a rate | Mmt or 40.8% of the national total. The 
Tokadeh in 1985. This ore averages only | of about 4 Mmt per year. Management | output was the highest ever in the history 
47.9% Fe and has a relatively high level | of the mine was formally transfered to | of the enterprise, with the Minatitlan 
of phosphorus, but could be marketed if | AMC on November 1. Granges AB and | pelletizing plant operating at full capaci- 
it were blended with the richer Guinean | the other private investors in LAMCO | ty for the first time since its startup in 
ores that run 68.1% Fe. In addition, the | have since sold their assets in Liberia to | 1974. With the exception of Pena Colo- 
undeveloped ore bodies at Mount Gan- | LIMINCO for the symbolic sum of one | rada, all five of the other pellet producers 
gra and Mount Yuelliton have proven | dollar. Granges was still negotiating the | cut back their output. SICARTSA I ex- 
reserves of 97 Mmt and 77 Mmt, respec- | transfer of its interests in MIFERGUI. | perienced the sharpest drop, with pellet 
tively. Their ores are somewhat richer | AMC had just shipped its first 300,000 | production falling 23.4% from its 1988 
than those at Tokadeh and run about | mt of ore when the political situation de- | level. The loss in output was primarily the 
54% Fe. Adoption of the blending pro- | teriorated. In December, insurrectionist | result of an extended work stoppage. 
posal would extend the life of the Yekepa | forces invaded Nimba County from the | SICARTSA is part of the State-controlled 
complex beyond 2010. Ivory Coast. At yearend, Liberia wasem- | SIDERMEX Group and has financial 

This original plan to blend medium- | broiled in civil war. By May 1990, the in- | ties to Altos Hornos de Mexico S.A. de 
grade Liberian ores with richer material | surgents had captured Yekepa, the rest | C.V. 
from Guinea has been shelved for the | of Nimba County, and most of Grand The Cerro Nahuatl mining complex of 
time being. Because of growing demand | Bassa County. A subsequent Govern- | HYLSA ‘S.A. reached an optimal level of 
in Europe for high-grade lump ore, the | ment counterattack failed to dislodge | production during its first full year of 
present plan is to direct ship the Guine- | rebel units from Buchanan. Unconfirmed | operation. The new operation in the State 
an ores through Buchanan. reports from rebel territory stated that the | of Colima was to be the principal source 

In April 1989, the two Governments, | Yekepa complex and most of the rail line | of iron ore during the 1990’s for Las En- 
LAMCO, and the other partners in | to Buchanan had escaped serious dam- | cinas, S.A., HYLSA’s mining subsidiary. 
MIFERGUI-NIMBA approved a gener- | age. Both sides seemed interested in pre- | Las Encinas had a pelletizing plant at 
al document outlining how the joint | serving the infrastructure of the country. | nearby Alzada and a second mine at 
project would be legally and financially | Bong’s mining and pelletizing facilities | Pihuamo in the neighboring State of Jalis- 
managed. A new company, Nimba | were not damaged by the fighting | co. About 90% of the capital investments 
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approved by the Las Encinas manage- | about 125,000 mt of run-of-mine ore per | furnace standards. However, the sulfur 

ment were earmarked for the Nahuatl | month. The original Donkerpoort pit was | content is much higher because of the 
project. almost exhausted and had an output of | substitution of raw coal for coke. 

The SIDERMEX Group also invested | only 26,000 mt per month. This older pit The Corex plant was completed in less 
heavily in its iron ore operations in 1989. | had less than 0.8 Mmt of high-grade ore | than 3 years by Voest-Alpine Industriean- 
About 36% of its total investments for | remaining that was recoverable by sur- | lagenbau and was commissioned on a 
the year went to upgrade operations at | face mining, but had more than 3.5 Mmt | trial basis in August 1988. Several modi- 
the Hercules mining complex near Sierra | of reserves at depth. Iscor’s long-range | fications were made between February 
Mojada in Coahuila. The Hercules com- | mining plan called for the site to be con- | and November 1989, and the plant was 

plex was operated by Minera del Norte, | verted to an underground mine at some | turned over to Iscor on December 22. 

S.A., another of SIDERMEX’s subsidi- | future date. At least 28,000 mt per month | The new facility was designed to produce 

aries, and produced concentrate averag- | was being taken from the Vanderbijl ore | 300,000 mt of hot metal per year and was 

ing 65.0% Fe. reserve. The East Mine, an underground | expected to be operating at about 80% 
. . operation, was producing about 78,000 | of capacity by February 1990. Iscor 

South Africa, Republic of mt per month. Mining of the East Kwag- | located the plant at Pretoria, instead of 
The South African iron ore industry | gashoek ore body Was scheduled to begin | Vanderbijlpark or Newcastle, for two rea- 

had its best year since 1981. Production | in 1993, following a scaledown of opera- | sons. First, Pretoria’s two coke batteries 

reached 30 Mmt, with 14.6 Mmt going | tions at the East Mine. The Bobbejaan- | were nearing the end of their operation- 

for export. Exports increased 32% be- | water ore body was being held in reserve. | al life. Second, Pretoria’s steelmaking 

tween 1988 and 1989, putting the coun- The Thabazimbi ore was similar to that | operations needed the byproduct export 
try ahead of Liberia and Venezuela in | at Sishen. Both were composed largely of | gas generated by the Corex process. 
terms of gross tonnage. The jump in | hematite derived from a Lake Superior- In February 1988, the South African 
exports moved the Republic of South | type banded ironstone. Thabazimbi was | Government announced that it was aban- 
Africa from ninth to seventh place in the | Iscor’s oldest mine, in production since | doning industrial regulatory policies that 
list of major exporting countries. 1933. During the 57 years of operation, | had been in place for more than 60 years 

Iscor Ltd. shipped 20.94 Mmt of iron | the mine produced 96.3 Mmt of high- | and would privatize many of the compa- 
ore products during the year and was by | grade ore, with 58% coming from under- | nies owned by the state. After a review 
far the largest of the country’s seven | ground workings. that lasted more than a year, Govern- 
producers. Approximately 17 Mmtcame | —_Iscor made several changes in the iron- | ment officials decided that Iscor would be 
from the company’s Sishen open pit oper- | making part of its operations. The com- | the first of the parastatal companies to 
ation north of Postmasburg in Cape | pany produced 632,000 mt of DRI at its | be sold. In May 1989, the South African 
Province. The bulk of the Sishen materi- | four-module complex in Vanderbijlpark | Parliament passed legislation formally | 
al was railed to the deepwater terminal | in fiscal year 1987-88, but shut down its | authorizing the sale of Iscor. Several 
at Saldanha Bay for export. The termi- | ginole DRI unit at Dunswart.29 Steel- | restrictions on ownership were put into 
nal exported 7.93 Mmt of lump ore and | making was halted at Dunswart in | Iscor’s articles of incorporation to prevent 
3.98 Mmt of fines in 1989.°" The 11.92 | October 1987. Both DRI plants were | the company from turning into a monop- 
Mmt represented 81% of the country’s | coaj-based. The 150,000-mt-per-year | oly or being dominated by foreign in- 
total expar’s with ape on Oe one Dunswart plant was built in 1973 and | terests. In early October, the Government 
eile to vet is an 8 61 km haul man employed the Codir process. The | offered 83.8% of the shares in Iscor to 
Sishen Ho wever, the rail costs are par- 600,000-mt-per-year Vanderbijlpark DRI | the general public, with preferences 
ti ? . complex started up in 1984 and employs | and discounts being given to employees 
ially offset by the efficiency and the SL-RN d . f the companv.3! Th 
10,000-mt-per-hour capacity of the port’s BI f Process. Iscor’ an ving 16.2% © CO ; P od b he 
loading facilities. The berth at Saldanha p ast Iurnace operations at Iscors | remaining 10.2’ was retained Dy the 
Bay is similar in size to the No. 2 pier at retoria works were being scaled back in | state, for a total issue of 1.85 billion 

: tion with the phasing in of the | shares. 
Tubarao and can accomodate vessels up new Corex operation.30 The Pretoria 

+ Fscor also ratied 9.02 Mmt of direct. | Corex plant is the first facility in the | Spain , 
shipping ore and concentrates to its world to produce molten iron on an in- Four companies produced a total of 
wholly owned steelworks at Vanderbijl- dustrial basis by charging coal directly | 4.57 Mmt of iron ore products in 1989— 
park, Newcastle, and Pretoria. Part of the | into the smelting furnace. A key feature | Compania Andaluza de Mines, S.A. (3.26 | 
0 Mit came from the Thabazimbi Mine | of the Corex process is that it uses un- | Mmt), Agrupacion Minera, S.A. (0.79 
in the northwest quadrant of the | treated raw coal in place of coke. Coking | Mmt), Prereducidos Integrales del Sur- 
Transvaal. coal was becoming increasingly scarce in | oeste de Espana, S.A. (0.21 Mmt), and 

The underground and open pit opera- | the Republic of South Africa, but the | Metalquimica del Nervion, S.A. (0.31 
tions at Thabazimbi produced about 2.4 | country had large reserves of coals of | Mmt). The output of Metalquimica con- 
Mmt of direct-shipping ore in 1989. The | lower rank. Iscor was able to bypass the | sisted entirely of roasted pyrites recovered 
mine had seven separate sources of ore, | conventional coke oven-blast furnace | as a coproduct of its copper, zinc, and 
but only four were being worked.28 route and substitute these cheaper and | precious metals operations near Bilbao. 

About half of Thabazimbi’s output came | readily available noncoking coals. The | Production of individual companies over 
from the new West Donkerpoort pit, | process produces hot metal with carbon | the past 10 years is broken out in the text 
which opened in 1988 and was producing | and silicon levels approaching blast | table. 
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Company 919801981 19821983 1984-1985 198619871988 1989 
Production in million metric tons gross weight unless otherwise specified 

Cia. Andaluza de Minas, S.A. 3.500 3.277 3.134 3.379 3.164 3.724 3.740 3.604 3.355 2.873 3.255 

Cia. Minera Sierra Menera, S.A. 2.124 2.344 2.078 1.889 1.961 1.598 1.053 ~=.835 — — — 

Agrupacion Minera, S.A.! 1.994 2.057 2.068 2.023 2.022 1.773 1.287 1.184 .607 926 192 

PRESUR2 498 343 330 — — — _ — .088 067 210 

Metalquimica del Nervion, S.A. 318 3710 380 370 352 352 .360 340 295 .269 310 

Minero Siderurgica de Ponferrada, S.A. .370 .386 .324 .320 — — — — — — — 
Other companies and unspecified _ 023 249 __.169 281 4440514277 090.154 _ 077 — 

Total production | 8.827 9.226 8483 8.262 7.940 7.961 6.717 6.053 4.499 4.212 4.567 
Average iron content (percent) 45.2 45.4 45.0 47.4 44.7 44.7 45.2 45.6 46.9 45.6 46.6 

Total employment 1,944 1,751 1,625. 1,570,326 ~—-:11,236~—s:1,298 +=««11,230 Ss :906-~Ss«é6T—SS*«'0 
Number of mines 17 17 15 14 12 11 9 9 9 9 7 

'AGRUMINSA is a subsidiary of the steelmaker, Altos Hornos de Vizcaya S.A. 
2Both Prereducidos Integrales del Suroeste de Espana, S.A. (PRESUR) and Altos Hornos have ties to the parastatal Instituto Nacional de Industria. PRESUR bought the Cala and San Guillermo mines from 
Minera del Andevalo in 1985. 

Source: Cia. Andaluza de Minas, S.A. 

Spain had the fifth largest steel indus- | on a replacement. The new loader was | of Vinh.33 The magnetite deposit was 
try in the EC but was a net importer of | commissioned on May 19, 1990, but over | discovered during an aeromagnetic sur- 
iron ore. A total of 6.94 Mmt entered the | 900,000 mt of sales was lost during the | vey and was extensively drilled between 
country during the year. Almost half of | 5-month shutdown. On the positive side, | 1975 and 1984. The deposit is part of a 
the material came from Brazil, which sup- | the new unit will allow the port to handle | skarn created when Triassic granite in- 
plied 3.00 Mmt. Other suppliers included | 500,000 mt per month.?2 truded Paleozoic carbonates. Reserves 
Australia (0.87 Mmt), Mauritania (0.87 . were estimated to be about 540 Mmt. 
Mmit), Liberia (0.84 Mmt), Canada (0.75 | Vietnam and Laos The ore typically assays 61% total Fe, 

| Mmt), and Venezuela (0.61 Mmt). A total Vietnam, after 50 years of political | 1.8% Al,03, 1.2% MgO, and 0.05% P. 
of 2.39 Mmt was exported, with the bulk | conflict, war, and economic turmoil, had | The open pit mine was still in the early 
of the shipments going to other steel | begun to seriously reevaluate its mineral | stages of development, and the Viet- 
producing members of the EC. The five | resources. The reevaluation was part of | namese Ministry of Machinery and 
biggest customers were the Netherlands | the Government’s reform program | Metallurgy had approached the Japanese 
(0.77 Mmt), France (0.60 Mmt), the | launched in 1986 to stimulate the stag- | steel industry for technical and financial 
United Kingdom (0.32 Mmt), Romania | nating economy by loosening bureau- | help.*4 Mining must be carefully planned 
(0.28 Mmt), and Belgium (0.23 Mmt). | cratic restrictions. One of the goals of the | because the site is only 1.5 km from the 

Cia. Andaluza de Minas, S.A. (CAM) | program was to encourage growth by in- | Gulf of Tonkin, and precautions will 
| shipped 3.21 Mmt of Granada fines from | creasing mineral exports. A seemingly | have to be taken to prevent the infiltra- 

| its docks at the Mediterranean port of | liberal law on foreign investment was | tion of seawater into the pit. Most of the 
Almeria. The fines were recovered from | adopted in January 1988 to attract capi- | ore would be exported to Japan in ex- 
heterogeneous, but predominantly hema- | tal and technical assistance from multina- | change for finished steel. Port facilities 
titic, ores mined and processed at the | tional companies. and roads would have to built because 
company’s Marquesado Mine in the Until 1987, little emphasis was placed | there was very little infrastructure in the 
Andalucia region of southeastern Spain. | on expanding the iron ore industry. The | district. 
At least 32 different types of ore are | only integrated steelworks in the country The long-term outlook for iron mining 
recognized, ranging from compact carbo- | was at Thai Nguyen, 60 km north of | was actually much more promising for 
naceous hematite to micaceous, highly | Hanoi. The steelworks had not been able | Laos than for Vietnam. It has been 
fractured goethite. The mine was con- | to operate anywhere near its rated capac- | known for 30 years that there were at 
nected to Almeria by a 100-km-long rail- | ity of 200,000 mt per year of crude steel | least two world-class iron deposits in the 
way. CAM’s sales improved significantly | because of power shortages and transpor- | Laotian Province of Xieng Khouang.5 
between 1988 and 1989. In 1988, the | tation problems. In past years, a signifi- | The upper reaches of the Mekong Basin 
company shipped only 2.90 Mmt of | cant part of the iron ore for Thai Nguyen | have a number of other prospects of 
products. The 1989 shipments would | came from the nearby Trai Cau Mine in | potential economic interest, both in 
have been even higher if a severe storm | Bac Thai Province and some smaller | Xieng Khouang and the adjoining Loei 
had not seriously damaged the ship loader | mines near Lao Cai in Hoang Lien Son | region of Thailand. The entire area is ex- 
at Almeria on December 18. The load- | Province, northwest of Hanoi. tremely mountainous, isolated, and poor- 
ing boom was blown down into the sea, The most important iron mine in Viet- | ly explored. 
blocking the berth. CAM immediately | nam is at Thach Ke in Nghe Tinh Prov- The largest of the two Laotian deposits 
declared force majeure and began work | ince, 50 km southeast of the coastal. city | was at Pha Lek Mountain,36 about 60 
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km south-southwest of the provincial cap- | an integrated steelworks in the Mekong | This relationship is shown for the United 
ital of Xieng Khouang. Massive lenses of | Basin. On a positive note, Laos had 3 | States in figure 3 which compares annu- 
magnetite have formed along contacts | operational hydroelectric plants—Tha | al blast furnace production with the com- 
between numerous small granitic or di- | Lat, Se Labum, and Nam Dong—as well | bined total of mine production, net ore 
oritic intrusions and the Devonian sedi- | as 53 sites where additional hydroelectric | imports, and blast furnace consumption 
mentary country rock. The contact | stations could be built, providing more | of scrap. Because of this relationship, the 
metasomatic mineralization covers an | than enough power for both an electric- | reader is referred to the outlook sections 
area of 60 km2, and more than eight ore | furnace smelting complex and an electric- | in the “Iron and Steel” and “Iron and 
bodies have been identified. The high- | furnace steelmaking complex. The coun- | Steel Scrap” chapters. The dependence of 
grade ore bodies lie close to the surface | try also had significant reserves of coal | the iron ore industry on steel demand is 
and would require minimal stripping. in Vientiane and three other provinces | not expected to change in the near future. 

The second deposit, Phou Nhouan,?’ | that are suitable for coke production and In 1989, the world steel industry 
forms a mountain ridge on the eastern | sintering of fines. produced a record-high 783 Mmt of crude 
border of the Plain of Jars, just north of | steel, drawing down large stockpiles of 
Xieng Khouang. The 5-km-long ridge is | __._ —— CiCiC‘CCCCC#SSS# re: and agglomerates that had accumu- 
made up of Triassic sandstones and shales OUTLOOK lated over the past decade. World 
with apparently conformable beds of | —————_—_________________ | demand for iron ore has improved con- 
ironstone. The ironstone, a mixture of siderably since 1987, but some serious 
magnetite and grey hematite, can be read- About 98% of the demand for iron ore | marketing problems still have to be 
ily identified by its characteristic bands | came from the iron and steel industry. | solved. During the 1980’s, many iron 
of dark-red hematite and iron-stained sil- | The remaining 2% was used in the | mining companies were hurt by pig iron 
ica. Combined high-grade resources of the | manufacture of cement, heavy-medium | production cutbacks in the industrialized 
two deposits were estimated to exceed 1 | materials, pigments, ballast, agricultural | countries and were forced by economies 
billion mt. So far, exploitation of the two | products, or specialty chemicals. As a | of scale to either halt operations or build 
deposits has been blocked by the lack of | result, demand for iron ore was tied | up stocks far above marketable levels. 
infrastructure in Laos, the high capital | directly to the production of raw steeland | The cutbacks in pig iron production 
cost of development, and the absence of | the availability of high-quality steel scrap. | resulted from the following: 

FIGURE 3 

COMPARISON OF BLAST FURNACE PRODUCTION WITH THE SUM OF MINE PRODUCTION, 
NET ORE IMPORTS, AND BLAST FURNACE CONSUMPTION OF SCRAP 
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e Slackening demand for finished steel | — |__| processing, is Called usable ore or mar- 
in the US. and several other industrial. | BACKGROUND ketable ore. Usable ore includes lump ore, 
ized countries who were struggling with fines, concentrates, and agglomerates. 
recessionary forces, Definitions, Grades, and Specifications Lump ore consists of particles 4.75 mm 

e The proliferation of minimills that ; OF larger. Fines are particles less than 4.79 
sae : Iron ore is composed of one or more | mm in diameter; sinter feed consists most- 

utilize electric arc furnaces and rely heav- minerals which, when heated in the | ly of fines larger than 100 mesh (147 
ily on scrap, | presence of a reductant, will yield metal- | micrometers), while fines smaller than 

e The increased use of scrap in basic | lic iron. In commercial terms, the materi- | 100 mesh may be classified as pellet feed. 

oxygen furnaces (BOF’s) at integrated | al must be minable at a profit to be called | The products of beneficiation plants are 
steelworks, and iron ore; otherwise, it is iron-bearing | called concentrates and are classified as 

° The adoption of new ironmaking and material, lean ore, or waste rock. Iron ore | coarse (+ 4.75 mm) or fine (— 4.75 mm) 
, is normally composed of iron oxides, the | as indicated previously. Fine concentrates | 

steelmaking technologies. mineral forms of which are magnetite, | or natural ores are agglomerated to facili- 
In this last development, the installation | hematite, and goethite. Martite, a pseu- | tate transportation and smelting; these 
of continuous casting equipment and the | domorph of hematite after magnetite, is | products are called pellets, sinter, 

shutdown of obsolete open-hearth fur- | commonly found in oxidized magnetite | briquets, etc., depending on the agglomer- 
naces have improved the recovery of iron | ores. Limonite is a general term for mix- | ating process used. 
units while reducing the amount of in- | tures of cryptocrystalline minerals, Taconite was originally applied to the 
house scrap available to the BOF. Be- | Predominantly goethite and hematite, | hard, fine-grained, banded iron-bearing 
cause of these events, most iron ore sup- | Which form bog iron deposits in the | formation of the Mesabi Range. The term 
pliers were continually forced to lower Fastern United States and oxidized cap- | 1s now used to describe similar rocks in 
their prices between 1981 and 1987 to | Pings in the desert regions of the West. | other parts of the world that contain low- 
maintain market share. This discourag- Iron carbonate (1.e., siderite) and iron sul- | grade ores with the same characteristics. 
ing situation had eased somewhat since fides such as pyrite are sometimes used "i Magnetite Is ne principa: iron miner- 
early 1988, but made mining companies to make pig iron, but they must ecal- | al, the rock is callec magnetic taconite; 

° ” ; cined to drive off carbon dioxide or sul- | if hematite is the principal iron mineral, 
reluctant to develop additional capacity | fy, before being charged to the blast | the rock is called hematitic taconite or 
and brought exploration to almost a.com: | furnace. Iron silicates such as chamosite | oxidized taconite. J aspilite is used to 
plete standstill in North America. — may contain up to 42% iron but are not | describe relatively iron-rich banded hema- 

several world-class deposits remained | yseq as iron ore except in rare instances | titic iron formations of the type found in 
undeveloped in 1990 because steelworks | where they cannot be separated eco- | the Marquette and Vermilion Ranges of 
in the industrialized countries could not | nomically from iron oxides or carbonate. | the Lake Superior District. Taconite 
absorb additional mine production. The | The chemical formula and iron content | pellets are iron oxide pellets produced 
Carajas district in Brazil alone had 18 bil- | of each of these minerals are given in the | from low-grade crude ores of the taconite 
lion mt of high-grade ore resources, | text table. type. In Minnesota, altered taconite from | 
including 2.4 billion mt of measured 
reserves and 2.5 billion mt of indicated Crystal =Ss*é“‘«‘é‘éChemicad’”s=#=~©=«OCMolecular.=—=S~*~*~*ésdron~S 
reserves. Other major undeveloped Mineral ; system formula weight fraction 

deposits that could be exploited exist in | Goethite .. Orthorhombic. ~~~ ~~s~#FeOOH)—~—~S~S~S~*S~«RCBS(“(“‘“‘CSC*‘UCODRS3 

Alaska, Botswana, Eastern Siberia, | yonatite! Rhombohedral Fe,0 159.692 69943 
Gabon, Guinea, Laos, and Senegal. nn 

Improved demand for iron units ledto | meme dT SS 30802 prove a : 
a strengthening of spot prices for both | Magnetite Isometric FegOy 231053972360 
standard and fluxed pellets between 1988 | Marcasite Orthorhombic FeS, 119.97 46551 

and 1990. Higher prices for quality scrap | Pyrite Isometric do. 119.97 46551 
helped support the increase. However, | Pyrrhotite? Hexagonal FeS 87.91 63527 

prices for sinter fines remained weak be- | siderite Rhombohedral FeCO, 115.856 48204 
cause steelmakers in North America and IMartite is a variety of hematite that occurs in octahedrons or dodecahedrons and is pseudomorphous after magnetite. 

Western Europe were forced to close *Pyrrhotite always contains less iron than is indicated by the stoichiometric formula. Stoichiometric FeS is known as troilite and occurs 

several of their older sintering plants to | ™2imly in iron meteorites. 
comply with new environmental protec- 

tion regulations. The price differential be- Iron ore as mined in its natural state | which silica has been partly leached by 
tween pellets and fines was expected to | jis called crude ore. Crude ore may be | natural processes is sometimes referred to 
exist for some time because several mines | merchantable without processing or with | as semitaconite, or wash ore. Itabirite is 
in developing countries had excess capac- | minimal processing such as crushing and | a metamorphic rock with a schistose 
ity to produce fines, but lacked the neces- | screening, in which case it is called | structure that is composed primarily of 
sary risk capital needed to construct | direct-shipping ore. The final ore product | granular quartz, specular hematite, and 
modern, state-of-the-art pelletizing | of a mining operation, whether direct- | some muscovite. The term was first used 
facilities. shipping ore or the product of extensive | to describe a characteristic type of iron 
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formation in the Iron Quadrangle of | 1885, ore had been discovered in the | naces, 0.3%; and manufacture of cement, 
Brazil that runs 30% to 50% Fe. _| Gogebic and Menominee Ranges of | heavy-medium materials, and other prod- 

US. Lake Superior iron ores are graded | Michigan and Wisconsin, and annual | ucts, 1.6%. 
and priced on the basis of chemical com- | production of ore had climbed to more | During the 1980’s, a quasi-symbiotic 
position and physical structure. Bessemer | than 2 Mmt, 20 times the volume in | relationship existed between several iron 
ores contain 0.045% phosphorus or less; | 1860. The high grade of these ores, com- | ore operations in Canada and the United 
non-Bessemer ores contain more than | bined with the low cost of water trans- | States because of ownership ties. In 1982, 
0.045% phosphorus; high-phosphorus | portation, made them increasingly | U.S. companies owned about 70% of 
ores contain 0.18% phosphorus or more. | competitive at Eastern furnaces and | Canadian production capacity for iron 
Manganiferous ore contains 2% or more | forced many small mines in New York, | ore and held significant minority interests 
manganese. Siliceous ore contains 18% | Tennessee, and the Mid-Altantic States | in iron ore mines in Australia, Brazil, 
or more of silica. Published prices for | to close. This trend was accelerated in the | Liberia, and New Zealand. Since then, 
these ores are for a long or gross ton | 1880’s by production from the Vermilion | Japanese interests have acquired part of 
(2,240 pounds) of iron ore containing | Range and the discovery of the great | the Canadian and overseas holdings 
31.5% iron, natural, delivered rail-of- | Mesabi ore bodies in the 1890’s. By the | previously owned by companies in the 
vessel at lower lake ports. The natural | turn of the century, most of the Eastern | U.S. iron and steel sector. 
iron content is based on gross weight, in- | mines had closed. In Alabama, produc- The iron ore industry of the United 
cluding moisture, and is always lower | tion of iron ore increased nearly tenfold | States and Canada has been undergoing 
than the iron content calculated ona dry | between 1880 and 1890, and Birmingham | a major restructuring since 1985 aimed 
basis. Published prices for pellets are for | was established as a major ironmaking | at lowering pellet costs and improving 
a ltu of contained iron, natural, delivered | center. During this period, many steel | financial health. The bulk of this restruc- 
rail-of-vessel at lower lake ports. | companies acquired iron ore properties in | turing occurred in the summer of 1986, 
Although prices are still published for | the Lake Superior District, and the pro- | when the industry was experiencing one 
Bessemer, phosphoric, manganiferous, | duction of many smaller mines was con- | of its worst years since the Great Depres- 
and siliceous grades, very little ore of this | solidated by the formation of large | sion. Most of the pellet producers had al- 
type (locally known as natural ore) is now | mining companies. The mergers that took | ready streamlined their operations by late 
produced in the Lake Superior District. | place in the steel industry between 1893 | 1987, when overall demand for steel be- 
More than 97% of the district’s output | and 1905 basically organized the iron ore | gan to grow. The modest recovery ac- 
is pellets. | industry into the structure that exists | celerated in 1988, only to level off in 

In iron ore transportation on the Great | today. 1989. Ownership shares and installed 
Lakes, lower lake ports refer to receiving Hundreds of mines closed during the | production capacity of United States and 
ports such as Burns Harbor, Cleveland, | 1950’s following the depletion of higher | Canadian producers of iron ore in 1984 
Detroit, Indiana Harbor, Lorain, Toledo, | grade ores, rapidly rising imports, and the | are shown in upper half of figure 4.4! 
etc. Upper lake ports refer to ore loading | subsequent growth of the taconite indus- | The updated diagram shown in the lower 
ports such as Escanaba, Marquette, | try in the Lake Superior District. By | half illustrates how pervasive the restruc- 
Superior, and ports in Minnesota. Head | 1981, 15 mines accounted for 90% of the | turing has been since then. 
of the Lakes refers to the Duluth-Superior | Nation’s production of iron ore. By 1986, An increasing number of integrated 
area on the western shore of Lake | the 15 mines had been reduced to 10 be- | steelworks in North America are using 
Superior. cause of increasing imports of steel and | fluxed pellets. This newer, more easily 

two deep recessions from which the iron | reducible type of pellet is created by add- 
Industry Structure ore and steel industries have not yet fully | ing limestone and/or dolomite to the iron 

The .history of iron mining in early | recovered. ore concentrate during the balling stage. 
America has already been reviewed in In 1989, iron ore was produced by 21 | Sufficient fluxstone is added to raise the 
several other publications of the Bureau | companies operating 21 mines, 16 con- | ratio of (CaO + MgO)/(SiO,+ Ai,O3) in 
of Mines and its predecessor.28 For ad- | centration plants, and 9 pelletizing plants. | the pellet to above 0.6. Fluxed pellets 
ditional information on the economic his- | The mines included 20 open pits and 1 | comprised more than 25% of total U‘S. 
tory of the entire U.S. iron and steel | underground operation. However, only | production in 1989. Idle capacity was 
sector, the reader should refer to the com- | 10 mines accounted for 99% of the out- | brought on-stream at three mining com- 
prehensive works of Father Hogan of | put. Virtually all ore was concentrated | plexes on the Mesabi Range during 1989 
Fordham University.3? before shipment, and about 97% was | to meet increased pellet demand. The 

The history of the iron ore industry as | pelletized. Most of the ore was produced | idled complex of the Reserve Mining Co. 
it currently exists began in 1844 with the | by, or for the account of, 11 U.S. com- | at Silver Bay, MN, was renovated by 
discovery of “hard” magnetite-hematite | panies and 3 Canadian companies en- | Cyprus during the last quarter of 1988. 
ores on the Marquette Range of Michi- | gaged in production of iron and steel. | Cyprus began shipping fluxed pellets in 
gan and the subsequent founding of the | Domestic steel companies directly con- | April 1990. 
Jackson Mining Co.‘ At first, lack of | trolled about 76% of production; Cana- Combined United States and Canadian 
transportation facilities prevented rapid | dian steel companies, about 11% of | production represented only about 12% 

| development. However, completion of a | production. Consumption of iron ore and | of the world output of usable ore in 1989. 
shipping canal at Sault Ste. Marie in 1855 | agglomerates was distributed approxi- | At least 45 other countries mined crude 
opened the way for further development | mately as follows: blast furnaces, 97.6%; | ore during the year. The leading producer 
of mining in the Lake Superior region. By | direct reduction plant, 0.5%; steel fur- | was the U.S.S.R., which accounted for 
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about 24% of world output in terms of | accompanied by introduction of addition- | iron ore in many parts of the world. 

metal content, followed by Brazil with | al iron oxide. The residual ores are usual- | These deposits can contain as much as 

19% and Australia with 12%. Trends in | ly earthy, porous, and contain 50% to | 65% iron and are often rich in titanium 

world mine production since 1985 are | 60% iron in their natural state. Examples | and vanadium, as at Lake Sanford, NY. 

shown on a country basis in table 19. | are the soft ores of the Lake Superior Dis- | There are two principal types of these ig- 

Major mines are listed individually in | trict, the Schefferville District of | neous deposits: magmatic segregations 

table 20. Labrador, and the Krivoy Rog District of | and pyrometasomatic replacements. The 

In 1988, the U.S.S.R. produced 249.7 | the Ukrainian S.S.R. Some soft ores ap- | first type is represented by irregular or 

Mmt of direct-shipping ore and concen- | pear to be merely decomposed bodies of | layered masses that appear to have 

trate. A large part of the concentrate was | BIF, containing 20% to 40% iron in the formed by segregation of magnetite crys- 

consumed to make 67.9 Mmt of pellets. | form of martite, hematite, or goethite. | tals in magma, or as tabular, sheetlike 

The bulk of the iron ore produced in Aus- | Example of the latter are bodies of “wash | bodies formed by injection of an iron-rich 

tralia, Brazil, India, and the Republic of | ore” in the western Mesabi Range, which | fluid into surrounding rocks. The 

South Africa consisted of high-grade | are highly siliceous but easily concen- | Precambrian Bushveld Igneous Complex 

direct-shipping ore or products derived | trated by gravity methods. of the Republic of South Africa with its 

from much higher grade crude ores than Replacement ores in the Precambrian | alternating seams of magnetite and chro- 

those mined in the United States. BIF’s are usually dense, massive, and con- | mite is frequently cited as an example of 

tain 64% to 68% iron. Often, the ores | magmatic segregation and crystal settling. 

Geology-Resources retain banded structures of the original | The sill-like ore bodies at Kiruna, 

Iron is the fourth most abundant rock- | sedimentary rock. Examples are the hard | Sweden, and Pea Ridge, MO, represent 

forming element, comprising about 5% | ores of the Vermilion Range, MN; Steep the injection version of the process. The 

of the Earth’s crust. Astrophysical and | Rock and Michipicoten Districts of On- | magnetite ores in these last two deposits 

seismic evidence suggest that the element | tario; Minas Gerais, Brazil; Fort contain significant amounts of fluora- 

has also combined with nickel to make | Gouraud, Mauritania; and Sishen, | patite, which must be removed during | 

up the bulk of the Earth’s core. A small | Republic of South Africa. beneficiation. 

part of the crustal iron has been con- Another class of sedimentary iron Pyrometasomatic deposits are concen- 

centrated by sedimentary, igneous, or | deposits, of regional importance in the trations of magnetite that have replaced 

metamorphic processes into deposits con- | Southeastern United States and Western portions of the limestone or volcanic 

taining up to 70% of the element. Europe, are oolitic ironstones of Paleo- | country rock at or near the contact of an 

The largest concentrations of iron are | zoic to Cretaceous age. The formations | igneous intrusion. These deposits may be 

found in banded sedimentary iron forma- | are extensive laterally and contain 20% | partly altered to hematite and contain up 

tions of Precambrian age. (See figure 5.) | to 40% iron, but they differ from the | to 65% iron, depending on the extent of 

These formations currently supply most | Precambrian BIF’s in several important | replacement. Garnet, epidote, and wol- 

of the world’s iron ore and constitute the | respects. They are usually less than 15m _ | lastonite are commonly formed along 

bulk of the world’s iron resources. | thick, and minable layers are often less | with the magnetite during the thermal 

Precambrian ores are mined extensively | than 6 m thick. The deposits rarely con- | metamorphism of the country rock. 

in Africa, Australia, Canada, China, In- | tain more than 48% iron, and most con- Deposits of this type are commonly as- 

dia, South America, the United States, | tain only 25% to 35% iron. The ore sociated with Jurassic or younger intru- 

and the U.S.S.R. Individual banded iron | consists of very fine-grained hematite, | sives in the Western United States, 

formations (BIF’s) can vary from 30 to | quartz, chamosite, and siderite in vary- Mexico, and western South America; 

600 m in thickness. Some are relatively | ing proportions; sometimes enough cal- | they are also found in Pennsylvania. Ex- 

flat-lying, while others have been com- | cite is present to make self-fluxing ore. amples are Iron Springs, UT; Eagle 

plexly folded by subsequent regional | The ore is usually high in phosphorus and | Mountain, CA; Hanover, NM; Cornwall 

metamorphism. Some BIF’s are exposed | difficult to beneficiate. Oolitic ironstones and Morgantown, PA; El Romeral, 

almost continuously along the margins of | were mined until recently in Alabama, | Chile; and Marcona, Peru. 

geosynclines and frequently underlie | Newfoundland, and the United King- 

basin areas of hundreds or thousands of | dom, and are still mined extensively in | ————_—_ 

km2. Most consist of fine-grained iron | France and to a lesser extent in central Skillings, D. N., Jr. North American Iron Ore Produc- 

oxides and quartz, with accessory iron | Europe. They are also mined in Egypt | t in 1990 Expected To Decline Only Slightly from 

silicates and sometimes iron carbonate, | and comprise most of the iron resources Ne ap uly anne poaverund Min. Rev., v. 79, 

and contain 20% to 40% iron. These | of Pakistan. . 2gkittings’ Mining Review. LTV Steel Ships 602,641 GT 

rocks comprise ores of the taconite type A third type of sedimentary ore, con- | From McKinley Extension Mine in 1989. V. 79, No. 1, 

mined in Canada, China, Norway, the | sisting of siderite or limonite in flat-lying | Jan. 6, 1990, p. 8. 

United States, and the U.S.S.R. lenses up to 6 m thick, is mined in east | 49° cited in footnote 1. 
5 . killings’ Mining Review. USX Ships 12,292,974 GT 

Locally, the BIF’s have been concen- | Texas from the Weches Formation of | o¢ minntac Pellets in 1989. V. 79, No. 2, Jan. 13, 1990, 

trated by natural processes to form high- | Eocene age. The ore is associated with | p. 60. 

grade deposits of hematite or goethite by | glauconitic sand and clay and contains up |  °Skillings, D. N., Jr. Cyprus Minerals Co. Enters Iron 

leaching of silica and oxidation of ferrous | to 35% iron. Ore Industry With Start of Pellet Production at Cyprus 

| minerals. The high-grade ores are classed | Massive deposits of magnetite, some- ponte ° 1900 12s Min. Rev., v. 79, No. 

as residual or replacement deposits, de- | times with hematite, thought to be of ig- ’ 6Cleveland-Cliffs Inc. (Cleveland, OH). 1989 Form 10-K 

pending on whether removal of silica was | neous origin, are important sources of | (Including Annual Report). 99 pp. 
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7Engineering and Mining Journal. Groveland Pelletiz- 32Metal Bulletin (London). CAM Restarts Ore Ship- Energy, Mines and Resources—Canada 
ing at 2 Million-tpy Rate. V. 175, No. 11, Nov. 1974, | ments. No. 7485, May 24, 1990, p. 27. (Ottawa) 
pp. 144-145. : 33Premoli, C. Vietnamese Metallic Mineral Resources. | . . . 
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79, No. 9, Mar. 3, 1990, pp. 4-6. Iron Ore. No. 7476, Apr. 23, 1990, p. 29. (Houghton, MJ). 
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| FIGURE 5 : 

IRON DEPOSITION THROUGHOUT GEOLOGIC TIME | 

ERA OR PERIOD : 
0 CENOZOIC Waikato North Head and Taharoa beach sands, North Isiand, New ! 

63 . Zealand (less than 2 my.) | 
| 

| mesozoe Pisolitic cappings atop mesas, Robe River flood plain, Pilbara Region, | 
240 (PERMIAN Western Australia (Early Tertiary) : 
330 | TTR SSIPPIAN 1 | | 
440 DEVONIAN Oolitic minette ores of the Lorraine Basin, northeastern France, 
os \_buxembourg and Belgium (180-190 m.y.) 

570"|CAMBRIAN _| Oolitic ores of the Clinton Group, Eastern United States (420-430 my.) 

LATE 
PROTEROZOIC , : 

900 | 

MIDDLE 

re erenoze’  |_4___Noamundi Group, Singhbhum district, Bihar State, eastern India 
(1100-1500 m.y.) ) 

Gunflint lron Formation, Vermilion Range, Minnesota (1700-1900 m.y.) 
1600 

Jai Group, Kedia d'Idjil, Zouerate, Mauritania (1700-2500 m.y.) 

on Rustenburg Layered Suite, Bushveld Complex, Transvaal, Republic of 7 
a South Africa (1900-2200 m.y.) | <x 

a Labrador Trough, Labrador and Quebec, Canada (1900-2500 m.y.) | 

S pROTEROZOIC Biwabik Iron Formation, Mesabi Range, Minnesota (1900-2200 m.y.) | 

4 Caue Itabirite, Itabira Group, Iron Ore Quadrangle, Minas Gerais State, 
= Brazil (1800-2700 m.y.) | | 

Gamagara Formation, Olifantshoek Group, Sishen Mine, northern Cape | 
Province, Republic of South Africa (2100 m.y.) 

2500 | | 

Kursk Group, Kursk Magnetic Anomaly, Russian S.F.S.R., U.S.S.R. | 
| (2200-2700 m.y.) : 

LATE ARCHEAN \krivoy Rog Group, Krivoy Rog Basin, Ukrainian S.S.R., U.S.S.R. 
(2200-2700 m.y.) 

3000 Boolgeeda, Brockman, and Marra Mamba iron formations, Hamersley 
Group, Pilbara Region, Western Australia (2400-2600 m.y.) 

Carajas Formation, Grao Para Group, Serra dos Carajas, Para State, | MIDOLE ARCHEAN \ Brazil (Early Proterozoic) 

3400 ‘Kola Formation, Olenegorsk Iron Mine, Kola Peninsula, Russian S.F.S.R., 
U.S.S.R. (2900-3100 m.y.) 

EARLY ARCHEAN Nimba Range, Liberian Shield, Liberia, Guinea and Ivory Coast 
(2900-3100 m.y.) | 

3800? Ngwenya deposit, Belvue Road Formation, Fig Tree Group, Swaziland | 
and Republic of South Africa (3300-3400 m.y.) 

: _ \ 

| PRETARCHEAN \Banded iron formations in lsua Supracrustal Sequence, southwest | 
asso. | Greenland (3700-3800 m.y.) 

“Rocks older than 570 m.y. are also called Precambrian. : 
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TABLE 1 

SALIENT IRON ORE STATISTICS 

(Thousand metric tons and thousand dollars unless otherwise specified) 

1985 1986 1987 1988 1989 

United States: 

Iron ore (usable,! less than 5% manganese): 

Production 49,533 39,486 47,648 57,515 59,032 

Shipments | | 50,204 41,991 47,983 57,113. 58,299 

Value $2,076,730 $1,472,511 $1,503,087 $1,716,661 $1,901,772 

Average value at mines, dollars per ton $41.37 $35.07 $31.33 $30.06 $32.62 

Exports | | 5,114 4,553 5,093 5,285 5,365 

Value $240,557 $204,738 $198,254 $193,796 $192,796 

Imports for consumption 16,024 17,011 16,849 20,183 — 19,596 

Value $452,267 $460,643 $408,783 $484,543 $522,262 

Consumption (iron ore and agglomerates) 71,708 62,097 67,768 283.694 280,447 

Stocks, Dec. 31: 

At mines? | 6,046 3,307 2,402 2,957 3,800 
At consuming plants . 21,631 17,439 16,565 18,005 15,730 

At US. docks 2,442 2,019 2,056 2,937 2,171 

Manganiferous iron ore (5% to 35% manganese): 

Shipments 18 13 WwW WwW WwW 

World: Production | "860,556 865,977 889,498 P905,252 921,867 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. | 
'Direct-shipping ore, concentrates, agglomerates, and byproduct ore. | 

Consumption data for 1988 and 1989 are not entirely comparable with those of previous years owing to changes in data collection. 

3Excludes byproduct ore. These stocks are not comparable with those of 1982 and earlier years owing to the reclassification of some stocks from the usable to the byproduct category. 

TABLE 2 

EMPLOYMENT AT IRON ORE MINES AND BENEFICIATING PLANTS, 
QUANTITY AND TENOR OF ORE PRODUCED, AND AVERAGE OUTPUT PER WORKER HOUR 

IN THE UNITED STATES IN 1989, BY DISTRICT AND STATE . 

Production Average per worker hour 

Average Worker (thousand metric tons) Iron (metric tons) 

District and State number of hours Iron ad eet Ik 

employees (thousands) Crude ore Usable ore (in usable (percent) Crude ore Usable ore contain ed 

: ore) 

Lake Superior: 

Michigan 2,205 4.441 45,174 15,611 9,778 62.6 10.17 3.52 2.20 

Minnesota 5,245 10,750 139,915 41,370 26,409 63.8 13.02 3.85 2.46 

Total! or average 7,450 15,191 185,089 56,981 36,187 63.5 12.18 3.75 2.38 

Other States? 278 528 2,/17 2,052 1,226 59.8 5.15 3.89 2.32 

Grand total! or average 7728 ~~  +15,719 187,806 59,032 37,413 634 1195 3.76 238 — 

IData may not add to totals shown because of independent rounding. 

2Includes California, Missouri, Montana, New Mexico, South Dakota, Texas, and Utah. 
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TABLE 3 | 

CRUDE IRON ORE! MINED IN THE UNITED STATES IN 1989, 
BY DISTRICT, STATE, AND MINING METHOD | 

(Thousand metric tons unless otherwise specified and exclusive of ore containing 5% or more manganese) 

Number | Total 
District and State of Open pit Underground quantity | | 

mines 

Lake Superior: 

Michigan 2 45,174 — 45,174 

Minnesota 7 139,915 — 139,915 | 
Total 9 185,089 — 185,089 

Other States: oo a CO 

Missouri 1 — 1,588 1,588 | 
Other 2 11 1,129 — 1,129 

Total | 12 1,129 1,588 2,717 
Grand total ~ 21 ~—s« 186,218 ~=—ti(iséi0:SBBSC~*~“‘«‘*‘«CBT7z«BOV’ 

! Excludes byproduct ore. | . 

2 Includes California, Montana, New Mexico, South Dakota, Texas, and Utah. 

TABLE 4 . 

USABLE IRON ORE PRODUCED IN THE UNITED STATES IN 1989, 
BY DISTRICT, STATE, AND TYPE OF PRODUCT 

(Thousand metric tons and exclusive of ore containing 5% or more manganese) 

District and State shiopine ore Concentrates  Agglomerates! quantity 

Lake Superior: 
Michigan a) — 15,611 15,611 

Minnesota — 612 40,757 41,370 

Total a) 612 56,368 56,981 

Other States: EE 

Missouri — 97 917 1,014 

Other? 1,038 W — 1,038 

Total 1,038 97 917 2,052 

Grand total4 10388 —“(sé‘(<i«té«ST‘d C7285 59,032 

| W Withheld to avoid disclosing company proprietary data; included with “Direct-shipping ore.” 
IData may include pellet chips and screenings. 

Included with “Agglomerates” to avoid disclosing company proprietary data. 

Includes California, Montana, New Mexico, South Dakota, Texas, and Utah. 
‘Data may not add to totals shown because of independent rounding. 
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TABLE 5 

SHIPMENTS OF USABLE IRON ORE! FROM MINES IN THE UNITED STATES IN 1989 

(Exclusive of ore containing 5% or more manganese) 

| Gross weight of ore shipped Average 
(thousand metric tons) iron 

Lo. Co tent Value 
District and State Direct- content, (thousands) 

shipping Concentrates § Agglomerates Total natural 
ore : (percent) 

Lake Superior: | 

Michigan ?) — 15,045 15,045 62.6 Ww 

Minnesota — 612 40,432 41,044 63.6 $1,285,807 

Total reportable or average (2) 612 355,476 56,089 63.3 1,285,807 

Other States: 

Missouri — 100 960 1,060 64.8 W 

Other* 849 301 — 1,150 55.6 Ww 

Total reportable or average 849 401 960 2,210 60.0 1,285,807 

Total withheld oo — — — — 615,964 

Grand total or average 849 1,013 356,437 58,299 63.2 31,901,772 

W Withheld to avoid disclosing company proprietary data; included in “Total withheld.” 

Mncludes byproduct ore. . 
*Included with “Agglomerates” to avoid disclosing company proprietary data. . 

3Data do not add to total shown because of independent rounding. 

4tncludes California, Montana, New Mexico, New York, South Dakota, Texas, and Utah. 

TABLE 6 

| USABLE IRON ORE PRODUCED IN THE U.S. LAKE SUPERIOR DISTRICT, BY RANGE 

(Thousand metric tons and exclusive after 1905 of ore containing 5% or more manganese) 

| : Soring Black 
Year Marquette Menominee Gogebic Vermilion Mesabi Cuyuna pring River Total! 

Valley Falls 

1854-1982 538,494 334,629 325,474 105,189 3,415,864 71,465 8,280 9,869 4,809,267 

1983 9,489 — — — 26,676 — — — 36,165 

1984 13,190 — — — 37,286 — — — 50,476 

1985 12,679 —_ — —_ 35,470 — — — 48,148 

1986 10,727 — — — 271,476 — — — 38,203 

1987 12,491 — — — 34,265 — — — 46,756 

1988 14,590 — — — 41,449 — — — 56,038 

1989 15,611 — — — 41,370 — — — 56,981 

Total! 627,272 334,629 325,474 105,189 3,659,856 71,465 8,280 9,869 5,142,035 

IData may not add to totals because of independent rounding. 
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TABLE 7 

AVERAGE ANALYSES OF TOTAL TONNAGE! OF ALL GRADES OF 
AGGLOMERATES SHIPPED FROM MINES IN THE UNITED STATES 

| Quantity 
Year (thousand Content (percent)? | 

metric tons) Iron Phosphorus Silica Manganese Alumina Moisture 

SINTER? 

1980 533 44.04 0.136 13.66 0.18 6.04 2.00 

198] 423 44.57 .166 13.84 9 6.34 NA 

1982 254 45.94 NA | 12.99 NA 6.40 NA 

PELLETS OF ALL TYPES 

1980 63,819 63.42 022 5.65 14 32 2.35 

198] 66,994 63.59 019 5.48 12 32 2.38 

1982 33,950 63.76 .018 5.38 10 .30 2.40 

1983 43,865 63.64 .018 5.26 10 27 2.41 

1984 | 49,549 63.83 .018 5.15 jl 31 2.47 

1985 47,182 63.91 016 5.12 10 28 2.45 

1986 40,645 63.90 015 5.14 .09 28 2.44 | | 

1987 46,337 63.86 014 5.02 .09 22 2.04 

STANDARD PELLETS 

1988 41,349 64.17 .015 5.08 11 21 2.18 

1989 36,239 64.46 013 4.93 .05 24 1.83 

, FLUXED PELLETS* : 

1988 13,618 60.71 017 4.52 21 24 2.10 

1989 19,755 61.36 °.081 4.37 > 54 16 2.12 

NA Not available. . 

'Railroad weight—gross metric tons. 

Natural basis. 

3ginter has not been produced at U.S. mines since 1982. 

“Ratio of (CaO + MgOy/SiO, + Al,0,) is 0.6 or greater. 
Being reviewed. 

Source: American Iron Ore Association. 

TABLE 8 

CONSUMPTION OF IRON ORE! AT U.S. IRON AND STEEL PLANTS 

(Thousand metric tons) 

Iron ore originating areas 

USS. ores Canadian ores 9 
+ SU Foreign Total 

Year Great Other Great Other ores 
Lakes US. Lakes Canada 

1980 54,851 8,430 1,390 16,167 9,993 90,832 

1981 61,279 7,207 656 18,377 8,963 96,482 

1982 35,789 3,446 76 10,967 5,840 56,119 

1983 40,344 2,246 123 11,612 7,876 62,202 . 

1984 44,384 1,680 109 12,130 8,747 67,049 

1985 45,089 1,438 l 9,138 9,012 64,678 

1986 39,881 | 1,164 401 7,818 6,905 56,170 

1987 44,004 710 — 8,686 7,651 61,051 

1988 51,048 1,242 — 9,453 10,122 71,866 

1989 51,845 1,710 — 7,473 12,034 73,062 

lExcludes dust, mill scale, and other revert iron-bearing materials added to sinter. 

Data may not add to totals shown because of independent rounding. 

Source: American Iron Ore Association. 
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TABLE 9 

CONSUMPTION OF IRON ORE AND AGGLOMERATES AT 
| U.S. IRON AND STEEL PLANTS, BY TYPE OF PRODUCT 

(Thousand metric tons) | 

Type of product 1985 1986 1987 1988 1989 

Blast furnaces: 

Direct-shipping ore 2,904 1,893 2,696 5,155 3,211 

Pellets 51,698 43,610 49,500 61,025 61,659 

Sinter! 16,182 13,221 14,420 15,497 13,664 
Total” 70,184 58,725 66,616 81,676 78,533 

Steelmaking furnaces: OO BC — 

Direct-shipping ore 90 65 123 194 142 

| Pellets 62 31 44 88 76 

Sime He 
Total? 2330 12209829 
Grand total” 71,017 58,846 = 66,824 ~—s- 81,958 === 78,752 

Includes briquettes, nodules, and other. 

Data may not add to totals shown because of independent rounding. 

Source: American Iron and Steel Institute. 

TABLE 10 

U.S. CONSUMPTION OF IRON ORE AND AGGLOMERATES, BY END USE 

(Thousand metric tons and exclusive of ore containing 5% ore more manganese) 

Subtotal ; 
Year Blast Steel - Sintering Miscella- . Integrated Direct reduced Nonsteel Total 

furnaces furnaces plants neous iron and steel steelmaking! end uses 

tants 
1980 74,593 492 15,617 130 90,832 NA 1,151 91,983 

1981 80,022 343 16,028 87 96,482 NA 1,421 97,903 

1982 45,898 248 9,062 911 56,119 NA 1,084 57,203 

1983 51,610 225 10,134 234 62,202 — 848 63,050 

1984 56,072 380 10,353 245 67,049 179 1,222 68,450 

1985 55,589 184 8,440 465 64,678 224 1,147 66,049 

1986 48,539 97 7,424 110 56,170 244 1,099 57,513 

1987 54,614 144 6,270 23 61,051 325 1,049 62,425 

1988 63,172 282 8,381 30 | 71,866 443 1,293 | 73,602 

1989 65,597 336 7,118 10 73,062 487 1,208 74,757 

NA Not available. 

lExcludes dust, mill scale, and other revert iron-bearing materials. 

Sold to nonreporting companies or used for purposes not listed. 

’Data from American Iron Ore Association. 

4Bureau of Mines estimates based on production reports compiled by Midrex Corp. 

Includes iron ore consumed in production of cement and iron ore shipped for use in manufacturing paint, ferrites, heavy media, cattle feed, refractory and weighting materials, and for use in lead smelting. 

Data from Bureau of Mines surveys. . 
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TABLE 11 | 

U.S. EXPORTS OF IRON ORE AND AGGLOMERATES, 

BY COUNTRY OF DESTINATION 

(Thousand metric tons and thousand dollars) 

1986 1987 1988 1989 

Country Quantity Value Quantity Value Quantity Value Quantity Value 

Canada 4.551 204,600 5,091 198,108 5,277 193,249 5,359 192,334 

India (4) 17 — — () 25 1 59 

Mexico 1 45 ] 42 1 62 (!) 15 

Netherlands (4) 17 — — (1) 3 — — 

Venezuela (4) 39 1 95 4 348 () 44 

Other () 20 (') 9 3 109 4 345 

Total? 4,553 204,738 5,093 198,254 5,285 193,796 5,365 192,796 

lLess than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

TABLE 12 

U.S. EXPORTS OF IRON ORE AND AGGLOMERATES, 

BY TYPE OF PRODUCT 

(Thousand metric tons) 

Year Pellets Concentrates Coarse Fine Other! Total? 
| ores ores 

1989 4,852 353 — 145 16 5,365 

Igum of briquettes (Schedule B 2601.12.0060), other agglomerates (2601.12.0090), and roasted pyrites (2601.20.0000). 

Data do not add to total shown because of independent rounding. 

Source: Bureau of the Census. | 
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TABLE 13 

U.S. IMPORTS OF IRON ORE AND AGGLOMERATES, BY COUNTRY 

(Thousand metric tons and thousand dollars) 

Country 1986 1987 , 1988 1989 

| Quantity Value Quantity Value Quantity Value Quantity Value 
| Australia 10 86 194 5,141 1,076 16,780 394 5,211 

Brazil 7 3,752 71,045 3,698 64,820 4,935 78,092 5,169 90,885 

Canada 8,836 311,757 7,981 246,181 9,157 285,961 8,538 292,866 

Chile 94 2,126 636 12,601 139 2,772 61 1,200 

India — — — — 126 2,820 59 1,037 

Liberia 1,511 21,855 994 13,707 128 1,460 200 2,950 

Mantritania 66 1,158 412 6,403. 522 7,864 594 10,130 

Norway “ — — — —_— — — 40 693 

Peru 92 2,429 84 1,691 181 2,939 186 4,280 
Philippines! 56 1,504 59 1,575 239 5,432 66 1,622 

Spain — — 1 27 — — — — 

Sweden 106 2,473 139 3,334 88 4,678 57 1,000 

Venezuela 21,346 242,126 32,622 352,889 3,568 75,443 4,232 110,367 

Other 140 4,083 29 413 424 4301 @ 21 
Total® 17,011 460,643 16,849 408,783 20,183 484,543 19,596 522,262 

ISinter made from raw materials supplied by Australia, Brazil, and other countries. | . 

Excludes approximately 84,300 metric tons of sponge iron valued at $8,340,609, originally reported as iron ore. 

Excludes 18,370 metric tons of sponge iron valued at $1,849,584, originally reported as iron ore. 
4Excludes 28,923 metric tons of crude iron sulfate crystals valued at $318,651, originally reported as iron ore from the Federal Republic of Germany. 
“Less than 1/2 unit. 
SData may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

TABLE 14 

U.S. IMPORTS OF IRON ORE AND AGGLOMERATES, 
BY TYPE OF PRODUCT 

(Thousand metric tons and thousand dollars) 

| 1989 
Unit | 

Type of product Quantity Value cane 

per ton) 

Concentrates 371 7,760 20.93 

Coarse ores 662 15,566 23.52 

Fine ores 11,629 297,913 25.62 

Pellets 5,628 175,728 31.22 

Other agglomerates 1,186 23,251 19.61 

Roasted pyrites 121 2,045 16.97 

Total? 19,596 522,262 26.65 
‘Unit values shown are calculated from unrounded data. 

Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 15 

| U.S. IMPORTS OF IRON ORE AND AGGLOMERATES IN 1989, 
BY COUNTRY AND TYPE OF PRODUCT | 

(Thousand metric tons) 

of oriein Concentrates Coarse rine Pellets a selon tes svorites| Total! 

Australia — — 394 — — — 394 

Brazil 130 64 3,714 400 740 120 5,169 | 

Canada 143 () 5,248 3,146 1 — 8,538 

Chile — 10 51 — — — 61 

India — — — 59 — — 59 | 

| Liberia — — 200 — — — 200 
Mauritania — — 594 — — — 594 | | 

Norway 40 — — — — — 40 | 

Peru — — 26 159 — ?) 186 

Philippines — — — — 366 — 66 

Sweden 57 — — — — — 57 

Venezuela — 587 1,403 1,863 379 — 4,232 

Ohr COC OE EM | | 
Total! 371 662 11,629 5,628 1,186 121 19,596 

Data may not add to totals because of independent rounding. . 

“Tess than 1/2 unit. 
3ginter made from raw materials supplied by Australia, Brazil, and other countries. 

Source: Bureau of the Census. 

. | TABLE 16 | | | 

U.S. IMPORTS OF IRON ORE AND AGGLOMERATES, BY CUSTOMS DISTRICT 

(Thousand metric tons and thousand dollars) 

Customs district 1986 1987 1988 1989 

Quantity Value Quantity Value Quantity Value Quantity Value 

Baltimore 5,656 144,725. 5,975 125,887 7,759 183,932 6,062 158,193 

Buffalo (') 25 (') 30 (') 14 — — 

Chicago 1,562 37,958 2,007 40,224 1,837 28,820 2,795 52,162 

Cleveland 1,734 67,123 1,490 54,551 1,401 41,315 1,557 48,401 

Detroit 388 17,798 637 27,196 520 19,607 528 24,773 

Houston-Galveston 42 745 9 177 62 1,115 28 519 

Mobile 2,473 64,317 1,063 22,645 1,595 40,708 2,284 68,830 

New Orleans 1,594 31,052 1,530 27,230 1,496 22,673 1,845 30,830 

Philadelphia 3,289 90,592 3,809 103,101 5,031 135,335 3,968 123,112 

Other 271 6,308 328 7,743 482 11,024 529 15,442 

Total? 17,011 460,643 16,849 408,783 20,183 484,543 19,596 522,262 

‘Less than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 17 

U.S. IMPORTS OF PELLETS, | 
BY COUNTRY | 

(Thousand metric tons and thousand dollars) 

Country 8 
Quantity Value 

Brazil 400 11,287 

Canada 3,146 104,984 

India 59 1,037 | 

Peru 159 _ 3,930 

Venezuela 1,863 54,490 

Total 15 628 175,728 | 

lData do not add to total shown because of independent rounding. 

Source: Bureau of the Census. 

TABLE 18 

IRON ORE: WORLD PELLETIZING CAPACITY, 
| BY CONTINENT AND COUNTRY 

Number Rated capacity 

Sites Plants! Units i nos weisht) "ss 

North America: 

Canada 5 6 13 26.44 

Mexico 5 6 6 9.50 

United States? 10° 18 _ 50 | 66.55 

Total _20- 30 69 | 102.49 

South America: oo a 

Argentina 1 1 4 1.00 

Brazil 3 8 8 24.30 

Chile 1 1 1 4.00 | 
Peru ] 2 2 3.20 

Venezuela 1 1 2 6.60 

Total 7 13 “7 39.10 
Europe: — a a 

Belgium-Luxembourg? 17 1 1 .80 

Czechoslovakia 1 1 1 | 25 

Netherlands? 1 1 1 3.80 

Norway‘ 2 3 3 3.20 

Sweden? 3 3 4 10.40 

Turkey ] ] 1.30 

USS.R.6 7 13 NA 80.00 

Yugoslavia’ 1 1 1 60 

Total “17° 24 =. NA. 100.35 
Africa: — OO a a 

Liberia® 1 1 1 3.00 | 

Morocco? ] 1 1 85 

Nigeria? ] 1 1 1.45 

South Africa, Republic of ] 1 | .60 

Total 4 4 40 5.90 

Seefoomotesatendoftabk. tCS~SCSs 
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TABLE 18—Continued | 

IRON ORE: WORLD PELLETIZING CAPACITY, 

BY CONTINENT AND COUNTRY 

Number Rated capacity 

a (million metric tons 1 . 3 
Sites Plants Units gross weight) | 

Asia: 

Bahrain? 1 1 1 4.00 

China® 4 4 NA 2.50 

India!® ] l ] 2.00 

Iran ] ] 1 2.50 

Japan? ] 2 2 4.40 

Total 8 9 NA 15.40 

Oceania: Australia!! 2 2 6 4.00 

World total 58 82 NA 267.24 

NA Not available. 

IStaged additions are treated at some mining complexes as if they were separate plants. Site data exclude plants that have had no produc- 

tion since 1982. Plants that produced after 1979, but have been continuously idle since 1982, are cited in the footnotes because they could 

be reactivated at some reasonable cost. . . 
2The total for the United States includes the newer part of the E. W. Davis Works at Silver Bay, MN, but not the idled plant owned by 

Cleveland-Cliffs Inc. at Republic, MI. Cyprus Minerals Co. acquired the cannibalized Silver Bay facility in Aug. 1989 and resumed produc- 

tion in Jan. 1990. Cleveland-Cliffs has been considering reopening its 1.3 Mmt per year Republic plant, which has been on care and main- 

tenance since 1981. 

>Pellets produced from imported direct-shipping ores and/or concentrates. 

‘The older of the two plants operated by A/S Sydvaranger at Kirkenes has been idle since 1986. In addition, the 0.50 Mmt per year plant . 

operated by Norsk Jernverk at Mo-i-Rana was shut down in Jan. 1987 for an indefinite period, leaving only one plant in Norway on-line. 

In early 1988, the capacity of the Svappavaara plant was upgraded from 2.8 to 3.5 Mmt per year. The 0.3 Mmt per year steel belt plant 

at Malmberget is used for both research and development purposes as well as ordinary production. 

SBased on incomplete information. 

"The Skopje plant operated by Rudnici i Zelezara was recently idled. 

8Excludes the No. 1 pelletizing plant (capacity of 2.4 Mmt per year) of the Bong Mining Co. The No. 1 plant has been idle since 1980. 

"The Nador plant operated by Société d’Exploitation des Mines du Rif (SEFERIF) has been idle for several years. 

l0There is an additional plant with a capacity of 1.8 Mmt per year at Mandovi in Goa, but it has been closed since 1982. The owner 

was planning to reopen the facility using high-grade blue dust from the Bellary Hospet area of Karnataka as feed. 

'There is an additional plant with a capacity of 3.0 Mmt per year at Dampier in Western Australia, but it has been closed since 1980. 

Sources: Association of Iron Ore Exporting Countries (Geneva, Switizerland), Commodities Research Unit Ltd. (London, United Kingdom), |. 

International Iron and Steel Institute (Brussels, Belgium), Metal Bulletin Books Ltd. (Surrey, United Kingdom), Roskill Information Services 

Ltd. (London, United Kingdom), United Nations Commission on Trade and Development (UNCTAD), UNCTAD Trust Fund Project 

on Iron Ore Information, and Bureau of Mines. 

TABLE 19 | 

IRON ORE, IRON ORE CONCENTRATES, AND IRON ORE AGGLOMERATES: 

WORLD PRODUCTION, BY COUNTRY! 

(Thousand metric tons) 

5 Gross weight? Metal content* 
Country —_— 

1985 1986 1987 1988P 1989° 1985 1986 1987 1988P 1989¢ 

Albania® > 1,130 1,150 1,200 1,200 1,200 376 380 "460 "460 460 

Algeria 3,376 3,359 3,382 3,118 67.748 1,705 1,679 1,691 1,559 61 374 

Argentina 639 810 567 674 6635 389 514 360 379 $340 

Australia 97,447 94,015 101,748 96,084 105,810 62,042 60,082 64,798 61,494 667,313 

Austria 3,270 3,120 3,061 2,301 69.410 1,019 976 954 727 $740 

Bolivia — 11 7 34 614 — 7 5 21 9 

Brazil 128,251 132,288 134,105 145,040 153,700 ©87,210 £89,960 91,200 98,600 103,000 

Bulgaria 1,985 2,179 1,857 1,826 61.613 607 661 559 “600 432 

Canada’ 39,502 36,167 37,702 38,742 40,900 25,130 23,002 23,882 24,540 26,180 

Chile 6,534 6,981 6,637 7,710 68 474 3,967 4,197 4,380 5,089 65.593 

China®’ 80,000 90,000 100,000 ‘99,000 100,000 40,000 45,000 50,000 49,500 50,000 

Colombia 440 '$08 614 609 615 201 e734 re)82 re280 233 

See footnotes at end of table. . 
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| TABLE 19—Continued 

IRON ORE, IRON ORE CONCENTRATES, AND IRON ORE AGGLOMERATES: | 

WORLD PRODUCTION, BY COUNTRY! | 

(Thousand metric tons) | 

| C . Gross weight? Metal content* 
ountry . ee ns 

1985 1986 1987 1988P 1989¢ 1985 1986 1987 1988P 1989° 

Czechoslovakia 1,859 1,784 —-1,798 1,773 1,700 477 458 462 440 400 

Egypt 1,950 2,135 ~~ 2,048 2,112 2,562 975 °1,065 = °1,100 ©1000 1,500 

Finland? 1,122 973 648 556 — °750 ~=—-&390 588 360 — 

France 14,447 "12,437 11,267 9,872 9,319 4,536 3,855 3,511 3,119 69.945 

German Democratic Republic!® 30 — — — — 15 — — — — 

Germany, Federal Republic of 1,034 717 247 70 . 6102 309 212 68 10 614 

Greece® 2,245 1,197 1,082 1,573 1,500 943 502 454 661 630 

Hungary 311 — — — — 75 — — — — 

India 42,545 47,800 51,018 49,961 49,487 26,633 29,923 °31,937 31,276 630,979 

Indonesia 131 153 194 203 6143 76 89 13 118 683 

Iran? }! 2,800 2,800 2,500 -*2,200 2,005 1,600 1,600 1,450 1,250 1,150 

Japan 338 291 266 96 642 212 182 166 61 695 

Korea, North® 8,000 8,500 8,500 9,000 9,500 3,200 4,000 4,000 4.200 4,400 

Korea, Republic of 542 582 470 390 6334 304 326 263 218 6187 

Liberia 15,318 15,295 13,742 12,767 = 11,700 9,420 9,480  °8,520 7,910 7,450 

Malaysia 182 208 161 132 6193 111 127 98 81 118 | 
Mauritania!2 9,333 8,929 9,002 10,004 11,138 6,066 5,804 5,851 6,503 7,240 

Mexico!3 7,820 7,298 7,523 8,431 68.141 5,161 4,817 4,965 5,564 5,373 

Morocco 191 196 210 114 6176 118 123 128 70 6107 

New Zealand!4 2,520 °2,580 2,290 2,240 2,000 1,425 °1,425 °1,300 1,266 1,150 

Norway 3,468 3,659 3,141 2,644 2358 2,254 2,378 2,042 1,719 1,528 

Peru 4,892 5,036 5,019 4,171 4,300 13.290 13,356 3,305 2,839 67.923 

Poland 11 9 6 6 6 3 2 2 2 2 

Portugal!> | 73 51 27 23 613 126 19 9 8 6 

Romania 2,287 2,431 2,281 °2,300 2,482 595 632 595 °596 647 

Sierra Leone ©70 — — — — ©40 — — — — 

South Africa, Republic of!® 24,414 24,483 22,008 25,248 29,958 15,076 15,424 13,865  °15,906 18,873 

Spain!” 6,463 6,089 4,492 4,212 4.610 3,189 2,778 2,124 1,925 69150 

Sweden 20,454 20,489 19,627 20,440 21,578 13,500 °13,520 12,267 13,470 13,500 | 

| Thailand 94 37 97 99 6177 52 21 54 55 698 

Tunisia 309 311 295 325 6280 166 °167 159 ©175 140 

Turkey 3,994 5,249 5,366 5,693 3,602 2,163 2,843 2,906 ©3100 1,950 

USSR. 247,639 249,959 250,874 249,737 241,000 136,000 137,000 138,000 *'°137,000 132,000 

United Kingdom 274 289 263 224 634 60 61 58 49 68 

United States!’ 49,533 39,486 47,648 57,515 59,032 31,798 25,295 30,526 36,468 37,413 

Venezuela "14,710 16,207 ~=—+17,196 ~=—-:18,218 918,053 9,120 110,050 10,660 11,289 11,190 

Yugoslavia 5,478 6,618 5,983 5,545 5,080 1,685 1,983 1,764 1,844 1,690 

Zambia 1 1 1 (18) 6(18) 1 (18) 1 (18) (8) 
Zimbabwe 1,100 1,110 1,328 1,020 %1,143 7660 670 824 632 686 

Total 860,556 865,977 889,498 905,252 921,867  '504,730 507,269 522,706 534,433 544,231 

See footnotes on following page. 
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“Estimated. PPreliminary. ‘Revised. | | 
lTable includes data available through June 27, 1990. 

2In addition to the countries listed, Cuba and Vietnam may produce iron ore, but definitive information on output levels, if any, is not available. 

3Insofar as availability of sources permits, gross weight data in this table represent the nonduplicative sum of marketable direct-shipping iron ores, iron ore concentrates, and iron ore agglomerates produced 

by each of the listed countries. Concentrates and agglomerates produced from imported iron ores have been excluded under the assumption that the ore from which such materials are produced has been credited 

as marketable ore in the country where it was mined. 

‘Data represent actual reported weight of contained metal or are calculated from reported metal content. Estimated figures are based on latest available iron content reported, except for the following countries 

for which grades are Bureau of Mines estimates: Albania, China, Hungary, and North Korea. 

>Nickeliferous iron ore. 

Reported figure. 

"Series represent gross weight and metal content of usable iron ore (including byproduct ore) actually produced, natural weight. 

8Bureau of Mines estimate of China’s usable iron ore production. The ore grade of the series is equivalent to 50% Fe content to provide data approximately comparable with world marketable production. 

In actuality, run-of-mine ore in China averages only about 35% Fe. Production of crude ore, as reported by the Trust Fund Project on Iron Ore Information of UNCTAD was as follows, in thousand metric 

tons: 1985—131,500; 1986—142,480; 1987—157,000; 1988—154,380; and 1989—162,000. 

"Includes magnetite concentrate, pelletized iron oxide (from roasted pyrite), and roasted pyrite (purple ore). 

10t cludes “roasted ore,” presumably from pyrite, not separable from available sources. 

\Data are for year beginning Mar. 21 of that stated. . 

12Gross weight is exported iron ore (Mauritania exports all of its iron ore). 

13Gross weight calculated from reported iron content based on grade of 66% Fe. 

14Concentrates from titaniferous magnetite beach sands. 

I> Includes manganiferous iron ore. 

. 16t cludes magnetite ore as follows, in thousand metric tons, gross weight: 1985—3,607; 1986—4,000 (estimated); 1987—4,979; 1988—5,492; and 1989—6,594. 

IT ycludes byproduct ore. 

18) ess than 1/2 unit. 

TABLE 20 | 

PRINCIPAL IRON MINES OF THE WORLD IN 1989! 

Country Company Mine Principal ore minerals 

Australia Goldsworthy Mining Ltd. Shay Gap and Sunrise Hill, Soft hematite and goethite.” 
Pilbara, WA mee 

Hamersley Iron Pty. Ltd. Mount Tom Price, Pilbara, WA Do. 

TO do. Paraburdoo, Pilbara, WA Do. 

Mount Newman Mining Co. Pty. Ltd. Mount Whaleback, Pilbara, WA Do. 

do. Ore Body 29 (Marra Mamba), Do. 

Pilbara, WA 

Robe River Iron Associates Eastern Deepdale, Pannawonica, Pisolitic limonite. 

Pilbara, WA 

Brazil Cia. Vale do Rio Doce Carajas, Para Hematite and goethite. 

| do. Caue, Minas Gerais Secondary hematite and goethite 
| derived from itabirite. 

do. Conceicao-Dois Corregos, Minas Gerais Do. 

do. Timbopeba, Ouro Preto, Minas Gerais Do. 

Ferteco Mineracao SA Fabrica, Belo Horizonte, Minas Gerais Do. 

Minas da Serra Geral SA Capanema, Ouro Preto, Minas Gerais Do. 

Mineracoes Brasileiras Reunidas SA Aguas Claras and Mutuca, Belo Do. 
Horizonte, Minas Gerais 

Samarco Mineracao SA Germano and Alegria Sul, Minas Do. 
Gerais 

SA Mineracao da Trindade Alegria, Minas Gerais Do. 

Canada Iron Ore Co. of Canada Humphrey, Carol Lake, Labrador Specular hematite and magnetite. 

Quebec Cartier Mining Co. Mount Wright, Fermont, Quebec Specular hematite. 

Wabush Mines Scully, Wabush, Labrador Do. 

Chile Cia. Minera del Pacifico SA El Algarrobo, Vallenar, Region III Titaniferous magnetite. 

do. El Romeral, La Serena, Region IV Do. 

China Anshan Metallurgical Co. Dagushan, Liaoning Magnetite and hematite occurring in 
taconite. 

do. Dongganshan, Liaoning Do. 

do. Gongchangling, Liaoning Do. 

do. Qidashan, Liaoning Do. 

do. Yangian, Liaoning Do. 

Baotou Iron and Steel Co. Baiyin, Nei Monggol Magnetite and hematite-martite. 

See footnotes at end of table. 

IRON ORE MINERALS YEARBOOK —1989 561



: TABLE 20—Continued 

PRINCIPAL IRON MINES OF THE WORLD IN 1989! 

Country Company Mine Principal ore minerals 

China—Continued Benxi Iron and Steel Co. Nanfen and Waitoushan, Liaoning Magnetite and hematite occurring in 
. taconite. 

| Hainan Mining Co. Shilu, Hainan Hematite and magnetite. 

Maanshan Iron and Steel Co. Gushan and Nanshan, Anhui Titaniferous magnetite. 

do. Taochong, Anhui Do. 

7 Panzhihua Mining Co. Lanjian and Zhujiabaobao, Sichuan Titaniferous magnetite. 

Shoudu Iron and Steel Co. Dashine, Beijing Municipality Magnetite occurring in quartzite. 

do. Shuichang, Beijing Municipality Do. 

Wuhan Iron and Steel Co. Chengchao, Hubei NA 

do. Daye Complex, Huangshi City, Hubei  Magnetite, hematite, chalcopyrite, and 

pyrite. 

do. Jinshandian, Hubei NA 

do. Lingxiang, Hubei NA 

France Arbed SA Ferdinand and Montrouge, Lorraine Oolitic limonite. 

Basin 

India Chowgule & Co. Pvt. Ltd. (et al.)? Goa Hematite and magnetite. 

Indian Iron and Steel Co. Ltd. Gua and Manoharpur, Singhbhum Hematite. 

district, Bihar 

Kudremukh Iron Ore Co. Ltd. Kudremukh, Chikmagalur district, Magnetite in taconite. 
Karnataka 

Natl. Mineral Development Corp. Ltd. _Bailadila, Bastar district, Madhya Hematite. 
Pradesh 

do. Donimalai, Bellary district, Karnataka Do. 

Steel Authority of India Ltd. Kiriburu and Bolani, Singhbhum Do. 

district, Bihar 

do. Rajhara and Dalli, Durg district, Do. 
: Madhya Pradesh. 

do. Kendujhar and Sundargarh districts, Do. 
Orissa 

Tata Iron and Steel Co. Ltd Noamundi, Singhbhum district, Bihar Do. 

do. Kendujhar district, Orissa Do. 

Korea, North Government owned Musan, Chongjin Magnetite. 

Liberia Bong Mining Co. Zaweah Pits and Bong Peak, Hematite and magnetite associated 
Bong County with itabirite. 

LAMCO Joint Venture* Nimba, Gbahm and Tokadeh Pits, Hematite and goethite. 
Yekepa 

Mauritania Société Nationale Industrielle et Tazadit (et alia), Kedia D’Idjil Hematite. 
Miniere 

do. El] Rhein Guelb, Zouerate Magnetite in taconite. 

South Africa, Republic of | ISCOR Ltd. Sishen, Griqualand West, Hematite. 
Cape Province 

do. Thabazimbi, Transvaal Hematite and goethite. 

Sweden Luossavaara-Kiirunavaara AB Kiruna, Lapland Magnetite. 

do. Malmberget, Lapland Do. 

US:S.R. Government owned Bakal, Ural Mountains, RSFSR Sideroplesite and pistomesite 
(magnesian siderite). 

do. Blagodat, Ural Mountains, RSFSR Magnetite and martite 

do. Gora Vysokaya, Ural Mountains, Do. 
RSFSR 

do. Kachar, Turgay Depression, Kazakh Magnetite. 
SSR 

See footnotes at end of table. 
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TABLE 20—Continued 

PRINCIPAL IRON MINES OF THE WORLD IN 1989! 

Country Company Mine Principal ore minerals 

U.S.S.R.—Continued Government owned Kaz, Gornaya Shoriya, RSFSR Magnetite. 

do. Kachkanar/Gusevogorsk, Ural Titaniferous magnetite. 
Mountains, RSFSR 

do. Korshunika, Angara-Ilim, Irkutsk Magnesian magnetite. 

Oblast, RSFSR 

do. Kostomuksha, Lake Kujto, Karelia Magnetite. 

SSR 
do. Kovdor, Kola Peninsula, RSFSR Do. 

do. Kremenchug (four complexes), Magnetite, martite-hematite, and 

Ukrainian SSR siderite. 

do. Krivoy Rog (six complexes), Martite-hematite, limonite, and 

Ukrainian SSR magnetite. 

| do. Lebedinsk, Kursk Magnetic Anomaly, Magnetite and hematite. 

RSFSR 

do. Lisakovsk, Turgay Depression, Oolitic limonite and siderite. 

Kazakh SSR 

do. Magnitnaya Gora, Ural Mountains, Magnetite and martite. 

| RSFSR 

do. Mikhaylovsk, Kursk Magnetic Martite-hematite. 

Anomaly, RSFSR 

do. Olenegorsk, Kola Peninsula, RSFSR Magnetite and hematite. 

do. Sheregesh and Tashtagol, Gornaya Magnetite. 

Shoriya, RSFSR 

do. Sokolov-Sarbaysk, Rudnyy, Kazakh Do. 

SSR 

| do. Stoylensk, Kursk Magnetic Anomaly, Martite-hematite. 

RSFSR 

do. Yakovlevo, Kursk Magnetic Anomaly, Do. 
RSFSR . 

United States Empire Iron Mining Partnership Empire, Marquette Range, Palmer, MI Magnetite occurring in taconite. 

Eveleth Mines Thunderbird, Mesabi Range, Do. 
Eveleth, MN 

Hibbing Taconite Co. Hibbing, Mesabi Range, Hibbing, MN Do. 

LTV Steel Mining Co. Erie, Mesabi Range, Hoyt Lakes, MN Do. 

National Steel Pellet Co. NSPC Project, Mesabi Range, Do. 

| Keewatin, MN 

Tilden Magnetite Partnership Tilden, Marquette Range, Ishpeming, Magnetite and hematite occurring 
MI in taconite. 

USX Corp. Minntac, Mesabi Range, Mountain Magnetite occurring in taconite. 

Iron, MN 

Venezuela C.V.G. Ferrominera del Orinoco CA Cerro Bolivar, Piar district, Bolivar Hematite and goethite. 

State 

do. San Isidro, Piar district, Bolivar State Do. 

NA Not available. 
lncludes only those mines, complexes, or mining groups that had shipments of at least 4.0 million metric tons in 1988 or 1989. 

The mixed ore is considered to be the result of “hematite enrichment.” 

3Other Goan shippers include Damodar Mangalji & Co. (Pvt.) Ltd., V.S. Dempo & Co. (Pvt.) Ltd., Socieda de Fomento Industrial (Pvt.) Ltd., Minerals & Metals Trading Corp. of India Ltd., Orient Goa (Pvt.) 

Ltd., V.M. Salgaocar & Brother Ltd., A.V. Sarmalkar, and Sesa Goa Ltd. 
41 iberian Mining Corp. (LIMINCO) assumed full control of the LAMCO Joint Venture in late 1989. The mining complex was being operated for LIMINCO by a subsidiary of the African Mining Consortium Ltd. 
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By Donald P. Mickelsen 

Mr. Mickelsen, a mineral industry specialist with 16 years Bureau of Mines experience, has been the commodity specialist 
for iron oxide pigments since 1985. Domestic survey data were prepared by the author, and international data tables were 
prepared by Audrey D. Wilkes, international data assistant. 

.S. mine production of | comparison with 1988 data could not be | bus Trade and Competitiveness Act 
' | crude iron oxide pigments | made because of the conversion to the | (Public Law 100-418) enacted by Con- 

increased significantly over | Harmonized Tariff Schedule by the U.S. | gress on August 23, 1988. This law was 
that of 1988, while ship- | International Trade Commission and the | passed in order to enhance the competi- 

ments increased moderately and value | consequent incompatibility of the 1989 | tiveness of the Nation’s industries and to 
decreased. Total domestic shipments of | and 1988 classifications. Exports of | improve the management of U.S. trade 
finished natural and synthetic iron ox- | pigment-grade iron oxides decreased sub- | strategy. Subtitle B of the new law re- 
ide pigments remained relatively un- | stantially compared with those of 1988. | quired that all tariff schedules conform 
changed from those of 1988. Synthetic | U.S. imports for consumption of natural | to the nomenclature of the internation- 
iron oxides comprised 61% of all ship- | iron oxide pigments decreased substan- | ally established Harmonized System—a 
ments. The sale of the Columbian | tially while synthetic iron oxide pigments | global system of classifying products for 
Chemicals Inc.’s synthetic iron oxide | increased slightly, resulting in an overall | tariff purposes. 
business to Mobay Corp. was blocked | slight decrease in iron oxide pigment The new law restructured both the 
by the Federal Trade Commission in | imports. Imports of natural iron oxide | import and export classification systems. 
March 1990. pigments are no longer delineated by | The new schedule B classification is now 

Construction materials was the larg- | color. Synthetic black pigment imports | based on the organizational framework 
est end use for iron oxide pigments, | increased significantly, although syn- | of the Harmonized Tariff Schedule of 
followed, in order of rank, by paints | thetic red and yellow pigments imports | the United States. That is, equivalent 
and coatings; colorants for ceramics, | increased only slightly. World mine pro- | import and export items are assigned the 
glass, paper, plastics, rubber, and tex- | duction of natural iron oxide pigments | same 10-digit classification code. In the 
tiles; ferrites; industrial chemicals; | for reporting countries also increased | case of iron oxide pigment imports, 10 
foundry sands; animal feed and fertil- | slightly in 1989. subheadings that applied to natural 
izer; and other end uses. iron oxide pigments have been replaced 

List prices for iron oxide pigments | _-——C—C—(‘CCSCSCSCSCSC#T;:«é 4 ‘less: definitive codes, which also 
remained unchanged from those in| [LEGISLATION AND include the synthetic iron oxide pig- 
1988. Price increases proposed by one GOVERNMENT PROGRAMS | ments. The four synthetic import sub- 
major producer had little effect on the | —————__________————__ | headings are now represented by statisti- 
market because of competitive pricing. cal subdivisions. Iron oxide pigment 

The United States imported more On January 1, 1989, U.S. Customs | exports are also represented by the same 
than twice as much iron oxide pigment | regulations and tariff schedules were | four subheadings as the imports. 
in 1989 as it exported, but an exact | modified in accordance with the Omni- Public Law 100-418 also requires 

TABLE 1 

SALIENT U.S. IRON OXIDE PIGMENTS STATISTICS 

1985 1986 1987 1988 1989 

Mine production metric tons 29,242 30,744 31,816 30,747 42,034 

Crude pigments sold or used do. 42,261 37,183 38,803 39,711 45,575 

Value thousands $2,826 $2,908 $3,598 $3,815 $3,645 

Finished pigments sold metric tons — 115,051 116,444 124,293 126,640 127,665 

Value thousands $122,716 $126,388 $136,427 "$134,325 $134,567 

Exports metric tons 26,962 26,164 20,184 21,966 '9 966 

Value thousands $27,574 $30,830 $31,689 $33,014 $15,700 

Imports for consumption metric tons 36,105 33,360 38,394 38,929 136,669 

Value thousands $22,565 $21,517 $20,680 $27,128 $30,540 

" Revised. 

Data wciects conversion to the Harmonized Tariff Schedule, effective Jan. 1, 1989, Public Law 100-418, Subtitle B. 
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that U.S. Government agencies imple- | Synthetic iron oxide pigments, which | with those of 1988. 
ment the use of metric units in their | dominate the industry, comprised about Pigment-grade iron oxides for use in 
business activities by the end of fiscal | two thirds of total shipments and experi- | magnetic applications were produced 
year 1992. All of the iron oxide pig- | enced slight decreases in quantity in | domestically in 1989, but are not in- 

ment trade statistics collected by the | 1989, while total value remained essen- | cluded in table 2. Production and ship- 
Bureau of the Census are now being | tially unchanged from 1988 levels. Slight | ment data for magnetic iron oxides are 
compiled and published in metric | decreases in shipments of synthetic iron | not publishable because of their propri- 
units, as required by that law. Conse- | oxide pigments occurred across the board, | etary nature. 

quently, the Bureau of Mines will pub- | although value remained constant. Domestic iron oxide pigment pro- 
lish its iron oxide pigment statistics in Iron oxides recovered from steel-plant | ducers underwent a year of acquisition 
metric units and has converted all num- | wastes, including regenerator oxide and | activities in 1989. In January, Cambrex 
bers in the text and iron oxide pigment | steel-plant dust, were reported by six | Inc., a company that had an agreement 
tables to metric tons, unless otherwise | domestic companies in 1989. Shipments | in principle to purchase Pfizer Pigment 
stated. To convert from metric tons to | totaled 30,745 tons and were valued at | Inc., one of three dominant domestic 
short tons, multiply by 1.10231. $4,163,000. Perox Inc., a regenerator ox- | producers, terminated that agreement 

ide producer based in Pittsburgh, PA, | owing to a lack of business perform- 
SSS was added to the Bureau of Mines survey | ance in the second half of 1988.! In 

PRODUCTION in 1989. Of the remaining five companies | August, Columbian Chemicals Co. an- 
—_—-w———s.— oa, — _] who reported shipments, two showed | nounced it had signed a letter of intent 

increases, one remained the same, and | to sell its iron oxide pigment plant in 
Mine production of crude iron oxide | two showed decreases when compared | St. Louis, MO, to Mobay Corp., a 

pigments increased 37% over that of | 
1988, and shipments increased a mod- 
erate 15%. The bulk of these increases TABLE 2 

were attributed to stockpiling of crude FINISHED IRON OXIDE PIGMENTS SOLD BY PROCESSORS 
material by one producer and an in- IN THE UNITED STATES, BY KIND 
crease of sales for nonpigmentary pur- 
poses by another. Lower valued nonpig-_ | —  —HJH-_-_--#"9RD)7a)9)D 

. . 1988 1989 
mentary iron oxide Sales also accounted Kind Quantity. Value “Quantity Value 

for an overall decrease in value of crud © (metric tons) (thousands) (metric tons) (thousands) 
shipments of 4%. Four companies | ——— _ _—_——— 

. . . Natural: 
mined and shipped various grades of | ———HW—_ 

iron Oxide pigments. One company in _Black: Magnetite 6,334 $1,228 10,253 $2,129 
Georgia mined and shipped ocher; | Brown. 
magnetite was mined and shipped by a Iron oxide Ww Ww w w 
company in Missouri; and, of two com- Umbers: 
panies in Virginia, one mined and Burnt WwW WwW W WwW 

shipped sienna, umber, and ocher, and Raw WwW WwW WwW WwW 
the other shipped umber. Cleveland Red: 
Cliffs Iron Co., which permanently ‘Tron oxide! tt” 23,528 4,064 26,395 4,710 

closed its Mather Mine in northern Sienna, burnt Ww W W Ww 
Michigan in 1979, continued to ship Yellow. | 
hematite from stockpiles. A new com- ee 

. ‘ Ocher W W W W 
pany, Swansea Minerals Inc., shipped | —— 

minor amounts of a micaceous, specu- | "m4 raw Ww Ww Ww Ww 
lar hematite processed from mine tail- | _Undistributed 15,8108 NAN 12725218 
ings at the Swansea Mine, La Paz Total? — 45,671 __13,433 __ 49,373 __14,057 
County, AZ. Synthetic: 

Total domestic shipments of finished Brown: Iron oxide? 24,254 "35,077 23,621 36,048 

natural and synthetic iron oxide pig- Red: Iron oxide 34,081 "52,334 32,748 50,833 

ments, excluding regenerator oxide, Yellow: Iron oxide* 22,634 33,482 21,923 33,629 
steel plant waste, and magnetic iron Ox- | ~ Other: Speciality oxides _ (5) (5) (5) (5) 
ide, remained relatively unchanged from | Mixtures of naturaland 
those of 1988 in both quantity and value. | synthetic iron oxides (°) (5) (5) (5) 
Shipments of finished natural iron oxide | Toa? s—<“<i~‘i~‘s*~*~*« «HD "7 120,892 78.292 ~ 120,510 
pigments increased slightly in both quan- | Grand total’ = ~«*126,640 ¥134,325 127,665 ~ 134,567 

tity and value. These INCTCASES were In- "Revised. W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
fluenced mainly by increases in the black | ‘| tnctudes pyrite cinder. 
magnetite and red iron oxide categories, “Data may not add to totals shown because of independent rounding. 

which accounted for almost three quar- + tncludes other specialty onides and mixtures of natural and synthetic iron oxides. 

ters of the natural iron oxides shipped. > Included with synthetic yellow iron oxide to avoid disclosing company proprietary data. 
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TABLE 3 

PRODUCERS OF IRON OXIDE PIGMENTS, REGENERATOR IRON OXIDES, 

AND STEEL-PLANT WASTE IRON OXIDES IN THE UNITED STATES IN 1989 

Producer Mailing address Plant location 

Finished pigments: 

American Minerals Inc. Box 677 Camden, NJ 08101 Camden, NJ. 

Blue Ridge Talc Co. Inc. Box 39 Henry, VA 24102 Henry, VA. 

Columbian Chemicals Co. 303 Hofmeister St. Louis, MO 63125 St. Louis, MO, and 

Monmouth Junction, NJ. 

Cyprus Specialty Metals Co. 301 Lindenwood Dr., Suite 301 Frazer, PA. 

Milwaukee, WI 53207 

Hilton-Davis Co. 2235 Langdon Farm Rd. Cincinnati, OH. 

Cincinnati, OH 45237 | 

Hoover Color Corp. Box 218 Hiwassee, VA 24347 Hiwassee, VA. 

Mobay Corp., Inorganic Chemicals Div. Mobay Rd. Pittsburgh, PA 15205 New Martinsville, WV. 

New Riverside Ochre Co. Box 387 Cartersville, GA 30120 Cartersville, GA. 

Pea Ridge Iron Ore Co. Route 4 Sullivan, MO 63080 Sullivan, MO. 

Pfizer Pigment Inc. 640 North 13th St. Easton, PA 18042 Emeryville, CA; East St. Louis, IL; 

Easton, PA. 

Prince Manufacturing Co. 700 Lehigh St. Bowmanstown, PA 18030 Quincy, IL, and Bowmanstown, PA. 

Solomon Grind-Chem Services Inc. Box 8288 Springfield, IL 62791 Springfield, IL. 

Crude pigments: 

Cleveland-Cliffs Iron Co., Mather Mine 1100 Superior Ave. Cleveland, OH 44114 Negaunee, MI. 

and Pioneer plant (closed July 31, 1979; 

shipping from stockpile.) 

Hoover Color Corp. Box 218 Hiwassee, VA 24347 Hiwassee, VA. 

New Riverside Ochre Co. Box 387 Cartersville, GA 30120 Cartersville, GA. . 

Pea Ridge Iron Ore Co. Route 4 Sullivan, MO 63080 Sullivan, MO. 

Swansea Minerals Inc. 6360 E. Rose Circle Dr. Tempe, AZ. . 

Scottsdale, AZ 85251 

Virginia Earth Pigments Co. Box 1866 Pulaski, VA 24301 Hillsville, VA. 

Regenerator and steel plant waste iron oxides: | 

Armco Inc. P.O. Box 191 Ashland, KY 41101 Ashland, KY. 

Gulf States Steel Inc. 174 South 26th St. Gadsden, AL 35904 Gadsden, AL. 

Perox 95 32nd St. Pittsburgh, PA 15201 Birmingham, AL, and Sharon, PA. 

Petco Inc. 225 S. 600 East Lehi, UT Lehi, UT. 

Shance Chemical Corp. 1 Depot Plaza Mamaroneck, NY 10543 Philadelphia, PA. 

Weirton Steel Corp. 400 Three Springs Rd. Weirton, WV 26062 Weirton, WV. 

subsidiary of the Federal Republic of | materials; in coatings; and as colorants | with domestic materials. 
Germany company Bayer AG. Colum- | for ceramics, glass, paper, plastics, rub- Consumption of iron oxide pigments 
bian Chemicals and Mobay are the | ber, and textiles. Consumption data | in construction materials continued to be 
remaining two of the three dominant | shown in this chapter represent domesti- | the largest end use. Use of domestically 
domestic synthetic iron oxide pigment | cally produced and shipped iron oxide | produced .iron oxide pigments in con- 
producers, and the sale was subject to | pigments as reported by producers. The | struction material accounted for more 
Federal Trade Commission (FTC) ap- | United States also imports iron oxide | than one-third of all shipments, the same 
proval. This sale was subsequently |. pigments, which are distributed through | as in 1988, and totaled 45,000 tons in 
blocked by the FTC, which cited re- | various trading firms and color compa- | 1989. In recent years construction use 
stricted trade as justification for seeking | nies as well as by some of the domestic | has been greater than the traditionally 
an injunction on the sale.” iron oxide pigment producers. The Bu- | largest end use, paint and coatings, and 

reau of Mines is unable to ascertain the | was the end use with the most growth 

ost send-use applications of these imported | potential, because iron oxide pigment use 
CONSUMPTION AND USES materials. End-use data shown in table 4 | in colored concrete blocks and roofing 

cs Ap7}7p7AmN™—_|_ were based on data reported by produc- | tiles was expanding. According to one 
: ers to the Bureau of Mines and do not | study by F. W. Dodge, the Information 

Iron oxide pigments were consumed | include imported iron oxide pigments, | Systems Div. of McGraw-Hill Co., newly 
mainly as an ingredient in construction | except for possible minor amounts mixed | started construction was valued at $261.2 
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billion in 1989, remaining practically the | shipments were 16%, or 167 million | netic tapes and floppy disks, and in 
same as that of 1988. Construction starts | gallons.* _| magnetic inks and toners. 
varied by region: the north-central and Of all iron oxides, 17%, or 22,000 

western regions had gains of 5% and | tons, were consumed as colorants for | = SSS 
1%, respectively. Nonresidential building | plastics, glass and ceramics, paper and | PRICES 

was the strongest sector during the year, | textiles, and rubber, by order of rank. §—_—<#4-27-77WJY7-___"____— | 
increasing 3% to a value of $93.1 billion; | This was practically the same amount 

although the actual volume of work de- | consumed in 1988. Iron oxide pigments Domestic list prices for natural and 
creased 4%. Residential construction de- | were popular for these uses because of | synthetic grades of iron oxide pigments 
clined slightly to $120.4 billion; single- | their low cost, coloring effectiveness in | sold in 1989 by major producers re- 
family homes remained stable, and | thermoplastics and thermosets, and ac- | mained practically unchanged from 
apartment and condominium construc- | ceptance by the Food and Drug Admin- | those of 1988. Although at least one 
tion was down 8%. Nonbuilding con- | istration for food contact and medical | major producer tried to increase prices 
struction, including public works and | applications. beginning in the second quarter, compe- 
utilities, also declined slightly to $47.7 The remaining 24% of reported iron | tition from other producers discouraged 
billion, principally owing to a large drop | oxide pigment consumption, in order | this effort. The iron oxide pigment indus- 
in highway and bridge construction.? of rank, was for use in foundry sands, | try is an extremely competitive industry, 

Coatings, the second largest use for | industrial chemicals, ferrites, the man- | and although some of the larger compa- 
iron oxide pigments, accounted for al- | ufacture of animal feed and fertilizers, | nies would like to increase prices to com- 
most one-fourth of the iron oxide pig- | and other end uses, including cosmet- | pensate for higher costs for labor, oper- 
ment consumption in 1989, decreasing | ics, magnetic tape and magnetic ink, | ations, and raw materials, competition 
slightly to 30,730 tons from 31,400 tons | and polishing agents. from others makes this difficult. Syn- 
in 1988. Shipments for lacquer, paint, Regenerator oxides and steel-plant | thetic iron oxides are the standard for the 

and varnish, as reported by the U.S. | dust, not accounted for in table 4, were | industry because they have the most con- 
Department of Commerce, totaled | consumed mainly for use in the manu- | sistent colors, highest tincture strength, 
about 1 billion gallons of coatings val- | facture of ferrites, with lesser amounts | and are easily dispersed. For these rea- 
ued at $11.6 billion, down slightly in | used as colorants for cements and con- | sons, they command the highest prices 
volume but up 7% in value over those | struction materials, industrial chemi- | and make up the greatest amount con- 
of 1988. Architectural coatings com- | cals, foundry use, glass and ceramics, | sumed. The competitive nature of the 
prised 51% of all shipments and to- | and fertilizers. industry, however, has lowered the return 
taled 533 million gallons; product coat- Magnetic iron oxides, also not in- | for the companies involved and is one 
ings. (original equipment manufacture) | cluded in table 4, were used mainly in | reason for the upheaval in ownership. 
was 33% of shipments, or 337 million | the manufacture of ferromagnetic ce- | Toward the end of the fourth quarter, 
gallons; and special purpose coatings | ramics, magnetic media such as mag- | prices were firming with little or no dis- 

TABLE 4 7 

ESTIMATED IRON OXIDE PIGMENT CONSUMPTION,’ BY END USE, 
AS A PERCENTAGE OF REPORTED SHIPMENTS 

| All Natural Synthetic 
End use iron oxides iron oxides iron oxides 

1988 1989 1988 1989 © 1988 1989 

Coatings (industrial finishes, trade sales: 25 24 16 17 30 29 

lacquers, paints, varnishes) 

Construction materials (cement, mortar, preformed concrete, 35 35 29 23 39 42 

roofing granules) 

Colorants for ceramics, glass, paper, plastics, rubber, textiles 17 17 18 21 16 14 

Foundry sands 6 5 17 12 — (7) 

Industrial chemicals (such as catalysts) 5 5 WwW 1 W 7 

Ferrites W WwW W W W W 

Animal feed and fertilizers 4 5 9 1] W W . 

Other (including cosmetics, magnetic tape and magnetic ink, 38 39 411 315 315 68 
and polishing agents) _ _ _ __ _ a 

Total 100 100 100 100 100 100 

W Withheld to avoid disclosing company proprietary data; included with “Other.” 

'Data do not include magnetic iron oxide usage. 

*Less than 1/2 unit. 

Includes ferrite iron oxide usage. 

“Includes industrial chemical and ferrite iron oxide usage. 

> Includes industrial chemical, ferrite, and animal feed and fertilizer iron oxide usage. 

© Includes ferrite and animal feed and fertilizer iron oxide usage. o 
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counting for bulk shipments. It was ap- | Law 100-418. This law changed the | ides imported from Canada were as 
parent that the new year would bring | classification codes for both iron oxide | reported by the Bureau of the Census. 
price increases of about 5 to 6 cents per | pigment imports and exports. There- | It is likely, however, that a large portion 
pound for synthetic colors.° fore, an exact comparison could not be | of this material reported as a synthetic 

Prices for imported iron oxide pig- | made. _ iron oxide pigment was misclassified, 
ments also remained at 1988 levels. U.S. exports of pigment-grade iron | and was actually a regenerator iron 
According to the American Paint and | oxides and hydroxides decreased 55% | oxide. This was apparent, because one 
Coatings Journal, list prices for Italian | in quantity and 52% in value when | of the two Canadian companies export- 
burnt sienna were 50 to 78 cents per | compared with those of 1988. However, | ing iron oxide material into the United 
pound; for Turkish burnt umber, 47.5 | because of the Harmonized Tariff | States was a steel-plant operator, not a 
to 56 cents per pound; and for Spanish | Schedule classification changes, these | pigment producer. 
red, 33.5 cents per pound. data are not comparable. An analysis U.S. imports of natural iron oxide 

of the export data of the other grade | pigments decreased 36% for both quan- 
aS} «iron oxide which increased 273% in | tity and value from those of 1988. Unit 
FOREIGN TRADE quantity and 105% in value, indicated | value for natural iron oxide pigment im- 
sr | that pigment grade material was most | ports remained unchanged. Since the 

likely included in this category. This | conversion to the Harmonized Tariff 
Trade statistics show that the United | analysis is based on the decrease in | Schedule, there no longer exist classifica- 

States imported 268% more iron oxide | value of these other grades, which pre- | tion codes for the natural iron oxide 
pigments than it exported in 1989. This | viously had a much greater average | pigment grades. In order to remedy this 
apparently large trade imbalance was | value, owing to the inclusion of mag- | situation, the Bureau of Mines submitted 
partly the result of the conversion of | netic materials in this category. a request to the U.S. International Trade 
the U.S. foreign trade data system to Exports of pigment-grade iron ox- | Commission to reinstate classifications 
the Harmonized Tariff Schedule on | ides went to 42 countries in 1989, prin- | for natural iron oxide pigment colors. 
January 1, 1989, as required by Public | cipally in Asia, North America, and | The large quantity of the natural mica- 

Europe. Chief destinations for iron ox- | ceous iron oxides imports reported by the 
ide pigments were the Republic of Ko- | Bureau of the Census in 1989 was most 

TABLE 5 rea, Canada, and the Federal Republic | likely misclassified material, particularly 
PRICES QUOTED ON FINISHED of Cermany. Exports er other grades of those shown from Canada. ane chet 

IRON OXIDE PIGMENTS, PER non oxides an ydroxides were | supplier of micaceous iron oxides to the 
| POUND.! DECEMBER 31. 1989 shipped mainly to the Federal Republic | United States was Austria, from which 

’ ’ of Germany, Mexico, Japan, the Re- | 92 tons were received in 1989. Canada, 
SSSSSSSSC*T:séspuribsdicc: ff Korea, and the United King- | Cyprus, the Federal Republic of Ger- 

____Pigment sow sigh =| dom, in order of rank. many, and Spain, in order of rank, 
Black: U.S. imports for consumption of | supplied 97% of all imports of natural 

Natural $0.1400 $0.2800 | iron oxide pigments decreased 6% in | iron oxides, and the remaining 3%. 

Synthetic .7400 .9400 | quantity from those of 1988, but in- | came from other countries. Imports 
Brown: creased 13% in value. Imports were | received from Cyprus were primarily of 
Natural ~.1400..-—~«.2000 | received from 19 countries in 1989, 1 | crude and finished sienna and umber 

"Metallic = ~«1900.~”~=~«O95Q | MOre than in 1988. Imports of syn- | grades; from the Federal Republic of 
‘Umber, burnt ~~ ~~-~«.4700.-.7000 thetic iron oxide pigments increased Germany, primarily Vandyke brown; 

“Umber, Turkish, burnt? 4750-5600 slightly in quantity and 17% in value. | and from Spain, natural red hematite 
Umber raw aI00 S00 Synthetic iron oxides composed 86% of | and ocher. Minor amounts of natural 

| all imports received. Synthetic black, | and synthetic iron oxide pigments were 
_Nandyke brown «5000 | red, and yellow grades all increased in | received and stored in bonded ware- 

Synthetic -7800___—-8650 | quantity, with the black grade showing a | houses for future consumption. 
Red: significant increase over that of 1988. 

Natural .1950 5000 | The “other” category, including syn- | 
Sienna, burnt .5600 .7500 | thetic brown oxides, transparent oxides, | WORLD REVIEW 

Sienna, Italian, burnt? 5000 —-«.7800 | and magnetic and precursor oxides, | ——-—-—-—-—J———— 
Synthetic 5000. +.9900 | Showed a sharp decrease. Synthetic iron 

"Spanish? 2 Sst=é=<Cis~=‘<‘<CiCi«<~SS*«S S'S oxides were received chiefly from Can- World mine production of natural 

Yellow. ada, the Federal Republic of _Germany, iron oxide pigments for reporting coun- 
Oche C300 5100 Mexico, Japan, and the United King- | tries increased slightly in 1989, totaling 

TT —— | dom, in order of rank. Canada and the | 283,000 tons, up from 276,000 tons in 
(| Sienna, raw 55006400 | Federal Republic of Germany supplied | 1988. Of the reporting countries, India 
_Synthetic 7200 «9800 | 660% Of the total synthetic iron oxides | reported the greatest production, more 
Micacecous: -2700___—.2700 | imported; Mexico, Japan, and _ the | than one-half of the world total. Other 
Prioes shown represet list prices provided by domestic produc: United Kingdom supplied 28%; and the | large producers of natural iron oxide 

contract prices for bulk shipments. nae remaining 6% were imported from other | pigments were the United States, Spain, 
2 American Paint and Coatings Journal. countries. Data on synthetic iron ox- | France, and Cyprus, ranked in the or- 
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TABLE 6 

| U.S. EXPORTS OF IRON OXIDES AND HYDROXIDES, BY COUNTRY 

1988 1989! | 
Country Pigment grade Other grade | Pigment grade Other grade 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Argentina 12 $19 «18 $64 10 $50 59 $208 
Australia 287 463 557 893 292 357 732 1,404 

Austria _ — — — — 14 18 — — 

Belgium-Luxembourg 60 244 388 685 43 43 433, 877 

Brazil 38 91 236 925 192 823 110 331 

Bulgaria — — 41 139 — — — — 

Canada 3,436 5,549 361 522 1,316 2,195 1,087 3,538 

Chile | 10 46 —_— — 1 2 — — 

China | 16 100 — — 16 73 31 113 

Colombia 107 146 127 172 5 7 132 185 

Costa Rica 4 _ 8 —_— — — — — — 

Cyprus . 5 8 — — — — — _ 

Denmark 54 120 | 17 20 — — — — 

Dominican Republic 7 8 2 5 66 78 — — 

Ecuador 7 13 5 10 — — — oo 

Egypt — — 39 57 — — — — 

El Salvador — . — — — 20 36 — — 

Finland 9 16 — — 18 33 18 33 

France 432 1,639 130 284 235 1,397 156 852 

Germany, Federal Republic of 10,258 8,642 498 1,715 1,292 2,010 12,236 12,644 

Greece — — 19 29 — — 42 29 

Guatamala 21 20 — — 71 63 — — 

Honduras 5 10 7 16 — — 10 20 

Hong Kong 658 1,771 262 1,117 538 1,567 504 1,566 

India 40 111 442 2,318 56 169 185 771 

Indonesia 29 116 11 30 38 42 200 137 

Ireland 57 109 4 6 30 62 29 57 

Israel eo) 2 6 3 16 8. — — 

Italy 458. 2,050 5 14 23 49 1,090 2,094 

Jamaica (?) 2 1 3 104 50 1 3 

Japan 3,362 4,601 719 758 2,141 1,758 4,117 4,584 

Korea, Republic of 553 | 856 2,887 12,605 427 995 3,538 13,777 

Macao — — — — — — 73 104 

Malaysia . 29 35 13 17 43 43 54 95 

Mexico 315 588 1,312 1,914 207 383 4,949 4,815 

Netherlands 265 529 177 418 $72 735 644 1,317 

Netherlands Antilles — — — — 7 8 — — 

New Zealand 13 16 3 8 42 51 11 36 

Pakistan — _ 54 149 — — a) 14 

Peru 20 29 1 13 . 10 4 — — 

Philippines 106 127 116 199 121 195 106 121 

Saudi Arabia — — — — 128 143 — — 

Singapore 16 66 120 377 164 537 202 408 

South Africa, Republic of 37 244 — — 44 65 854 693 

Spain 22 50 75 86 116 190 10 11 

Sweden — — 5 13 — — 1 4 

Switzerland 44 161 4 15 12 46 _ — 

Taiwan 89 313 67 70 200 223 66 136 
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| | TABLE 6—Continued 

U.S. EXPORTS OF IRON OXIDES AND HYDROXIDES, BY COUNTRY 

: 1988 1989! 

: Country Pigment grade Other grade Pigment grade Other grade 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Thailand 114 | 367 88 136 680 426 33 57 

Trinidad ?) | 6 — — 99 50 1,046 132 

U.S.S.R. — — 100 60 200 139 3 20 

United Kingdom 870 3,542 325 655 355 s71 1,828 3,315 

Venezuela 96 161 13 42 (°) 5 33 31 

Yugoslavia — — 30 50 — — —_ — 

Other 5 19 2 7 — — 9 33 

Total? 21,966 33,014 9,286 26,618 9,966 15,700 34,631 54,567 

' Data reflect conversion to the Harmonized Tariff Schedule, effective Jan. 1, 1989, Public Law 100-418, Subtitle B. 

2 Less than 1/2 unit. . 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

TABLE.7 

U.S. IMPORTS FOR CONSUMPTION OF SELECTED IRON OXIDE PIGMENTS, BY TYPE 

1988 1989! | | 
—_ : Major sources, 1989 

Type Quantity Value Quantity Value (metric tons) 
(metric tons) (thousands) (metric tons) (thosands) 

Natural: 

Earth colors? 7,7174 2,1324 2,135 999 Cyprus 1,772; West Germany 317; Spain 20; 
Belgium 19; Nigeria 6. 

Micaceous (°) (°) 2,826 355 Canada 2,418; Spain 274; Austria 92; France 40; 

ee — ee ee Japan 1; United Kingdom 1. . 

_ Total? TIT D4 3S 

Black 5,109 1,430 7,550 11,441 Canada 4,518; Japan 2,224; West Germany 739; 

China 27; Mexico 19; Dominican Republic 19; 

| | United Kingdom 3; Sweden 1. | 

Red 10,124 4,657 11,599 4,675 Canada 6,121; West Germany 2,495; Mexico 1,207; 

| 7 | Japan 958; Sweden 360; Brazil 121; 
| . : Austria 102; Spain 101; Venezuela 80; Belgium 53; 

| : Dominican Republic 2. — 

Yellow 10,117 7,849 10,681 8,594 West Germany 4,256; Mexico 2,572; Canada 1,584; 
| United Kingdom 1,244; Brazil 660; Spain 304; China 39; 

re Venezuela 21. 

Other ® 5,861 11,061 1,878 4,476 West Germany 690; Japan 520; Canada 470; 

Netherlands 116; Mexico 57; Belgium 21; 

| | United Kingdom 4. 

Total? 31,212 24,996 31,708 29,186 

Grand total? 38,929 27,128 36,669 30,540 

' Data reflect conversion to the Harmonized Tariff Schedule, effective Jan. 1, 1989, Public Law 100-418, Subtitle B. | 
2 Data may not add to totals shown because of independent rounding. 

3 Includes finished and crude natural ocher, sienna, umber, Vandyke brown, and other natural iron oxide pigments. 

“Includes micaceous iron oxide pigments. 
5 Included with earth colors. 
Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. , 

Source: Bureau of the Census. . . | 
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TABLE 8 

U.S. IMPORTS FOR CONSUMPTION OF IRON OXIDE AND IRON HYDROXIDE PIGMENTS, BY COUNTRY 

Natural Synthetic 

re 1988 1989! 1988 1989! 
ountry eee 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metrictons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Austria 34 | $10 92 $91 105 $119 102 $24 

Belgium-Luxembourg ?) 3 20 13 298 142 74 221. 

Brazil — — — — 668 470 781 603 

Canada 478 170 2,418 156 13,712 3,036 12,693 3,564 

China —_ — — — — — 66 32 

Cyprus 4,507 833 1,772 382 — — — — 

Dominican Republic — — — — — — 21 29 

France ?) 2 40 25 182 477 — — 

Germany, Federal Republic of 1,455 417 317 550 8,954 8,522 8,180 6,720 

Japan 383 272 1 7 2,574 8,493 3,702 13,152 

Korea, Republic of | — — a — — 44 139 — — 

Mexico ?) 3 _— — 3,365 2,363 3,855 3,020 | 

Netherlands 16 6 — — 413 247 116 101 
Nigeria — — 6 22 — — — — 

Norway — — — — 2 3 — — 

Peru | 1 151 (*) | 31 — — — — 

Spain 751 195 294 71 387 387 405 311 
Sweden — — — — 1 19 362 115 

Switzerland — — — — (7) 2 1 | 6 

United Kingdom | 92 70 1 7 568 570 1,251 4,199 
Venezuela — — — — — — 101 90 

Other = = en © 
Total?  7N17s—=“‘<‘z | Kt*«wK«SSC‘C‘CéC«OU;@*SS 31,212 24,996 31,708 29,186 

' Data reflect conversion to the Harmonized Tariff Schedule, effective Jan. 1, 1989, Public Law 100-418, Subtitle B. 

?Less than 1/2 unit. 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. | 

der named. Together with India, these | high tinctorial strength and hiding | sumption in Japan in 1989 was esti- 
countries produced 86% of the world | power, chemical resistance, lightfastness, | mated to be 30,000 tons, 42% of which 
total in 1989. In addition to the coun- | and weatherfastness at low pigmentation | was used in paints and the remainder in 
tries listed in table 9, other countries, | costs. Synthetic iron oxides have made | roads, construction materials, printing 
including the centrally planned econ- | continuous gains in total market share | inks, synthetic resins, ceramics, paper- 
omy countries, produced natural iron | over natural iron oxides because of prod- | making, and other end uses, listed by © 
oxide pigments in 1989. Production | uct consistency, higher tinting strengths, | order of rank. Another 31,000 tons:of: 
data for these countries, however, were | and more saturated color shades com- | iron oxides was estimated to have been 
not available. Natural red iron oxide | pared with natural grades. Principal | exported. Japan was producing more 
was produced primarily by India and | world producers of synthetic iron oxides, | iron oxides from steel operations than it 
Spain; yellow ocher by Spain, the | in order of rank, included the Federal | could consume in 1988, when it had 
United States, Brazil, and the Republic | Republic of Germany, the United States, | iron oxide stocks of 25,000 tons. Iron 

of South Africa; and sienna by Cyprus | the United Kingdom, and Japan. oxide consumption in Japan is forecast 
and Italy. Cyprus was the major umber According to the Japan Inorganic | to grow only slightly in the early 
producer; Austria was the principal | Chemical (Pharmaceutical) Industry | 1990’s. Japanese ferrite producers were 
micaceous iron oxide producer; and the | Association, shipments of iron oxides | operating at capacity, and increased 
Federal Republic of Germany was the | in Japan were expected to increase 3% | ferrite production is expected in the 
main Vandyke brown producer. in 1989, growing to 215,300 tons. This | United States.° 

Synthetic iron oxides were one of the | was an increase similar to that experi- In the United Kingdom, the Cook- 
largest consumed colored inorganic pig- | enced in 1988. In 1989, iron oxides used | son Group PLC and Magnesium Inter- 
ments in the world. Their popularity was | for magnetic materials, the dominant | national Corp. Ltd. formed a joint- 
attributed to a favorable performance- | end use in Japan, were estimated to be | venture company named Cookson 
price relationship. Iron oxides exhibit | 154,000 tons. Iron oxide pigment con- | Laminox Ltd. to manufacture synthetic 
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micaceous iron oxide (MIO). Based on | finished iron oxide pigments are forecast | growth rates indicate that the probable 

a patented process developed by MPLC | to range from 141,000 tons to 153,000 | overall demand for domestic iron oxide 

Laboratories Ltd., this technology will | tons by 1995. It is probable that ship- | pigments in the United States in 1995 will 

produce a synthetic iron oxide having | ments will reach the middle range of this | be 148,000 tons, representing an annual 

the same lamellar characteristics as nat- | forecast. Principal factors are the contin- | growth rate of 2.4%. 
ural MIO, which impedes moisture pen- | ued popularity of earth-toned colors, This forecast is based on the average 
etration in paints and resists corrosion. | continued growth in construction activi- | annual growth rate of the gross na- 
The plant, having a capacity of 10,000 | ties, and continued growth in paint and | tional product (GNP) as prepared for 

tons per year, was to be constructed at | coatings production. The low forecast of | the Bureau of Mines by DRI, a subsid- 

Peterlee near Durham. It was to ulti- | 141,000 tons would result principally | iary of McGraw-Hill, which provides 

mately create 40 jobs. Production was | from an increased demand for other pig- | macroeconomic forecasting services. 

to begin in late 1989, and the pigment | ment materials used as substitutes for | Iron oxide pigments used in construc- | . 

was to be marketed under the trade | iron oxide pigments, from a decrease in | tion materials in 1995 were forecast to 

_ | name Laminox.’ construction activities, or from a de- | range between 49,000 and 53,000 tons; 

crease in paint and coatings demand. end use for paint and coatings between 

Shipments of domestic iron oxide pig- | 34,000 and 37,000 tons; and pigments 

OUTLOOK ments for use in construction materials | used as colorants for ceramics, glass, 

| are expected to continue increasing mod- | paper, plastics, rubber, and textiles to 

erately and to help push probable iron | range between 24,000 and 26,000 tons. 

The outlook for the U.S. iron oxide | oxide pigment requirements to the mid- | Other end uses are expected to experi- 

pigment industry is expected to be one of | dle range of the forecast. Consumption | ence similar rates of growth, with the 

continued growth despite a slight de- | for use in paint and coatings is expected | exception of ferrite use, which should 

crease in 1989. Domestic shipments of | to experience slower growth. Projected | reach the high end of the forecast of 

3% per year or higher. A higher rate 
could also materialize if population 

TABLE 9 growth increases at a higher rate than 
| forecast or by changing trends in pop- 

NATURAL IRON OXIDE PIGMENTS: WORLD MINE PRODUCTION, | ulation movement. 

BY COUNTRY’ 

(Metric tons) | 1Chemical Marketing Reporter. Pfizer Iron Oxides 

| Won’t Go to Cambrex. V. 235, No. 3, Jan. 16, 1989, p. 

_ Country? 19851986 1987 BBP 1989" * 2_____ FTC Would Block Mobay Acquisition. V. 

Argentina 4,020 1,027 1,022 815 900 | 237, No. 12, Mar. 19, 1990, p. 4. 

Austria 11,583 11,730 10,807 9,938 9,000 3 American Paint and Coatings Journal. Building 

Brazil 6,320 5,474 5,803 F £6 000 6,000 Starts Decline in 1989. V. 74, No. 38, pp. 15-16. 

TTT “Bureau of the Census (Dep. of Commerce). Paint, 

Canadae—“‘ OO 2,000 2,000 2,000 2,000 | Varnish, and Lacquer. Rep. M28F(89)-12, 1989. 
Chile 8,224 4,404 8,145 8,542 8,300 5 American Paint and Coatings Journal. The Mar- 

Cyprus 12,200 10,000 12,500 10,060 10,000 Kets. Various Issues 1989. 
e Roskill Information Services Ltd. (London). 

France? 14,500 5,000 15000 15,000 __—iA'5 000 Roskill’s Letter From “Japan. Ferric Oxides Jepamese 

Germany, Federal Demand Estimated to Grow by 3% to 215,300 Tons in 
Republic of * 15,764 11,365 10,003 * £8,000 5,000 | 1989. RLJ No. 163, Nov. 1989, pp. 6-7. 

India 108,549 98,668 145,245 * £145,000 145,000 7 Pigment and Resin Technology (London). Cookson 

Iran ¢ 4 54 300 4,300 4,300 4,300 4,300 and Magnesium International in Joint Venture. Feb. 

2 _____—- | 1989, pp. 22-23. 
Italy ° 850 875 850 850 800 

Pakistan (ocher) 553 OB 9d. *,000 | QT HER SOURCES OF INFORMATION 
Paraguay® 26000 8H 8 
South Africa, Bureau of Mines Publications 
Republicof 75250 ORB! CCS Iron Ore. Ch. in Minerals Yearbook, 

Spain s . annual. 
Ocher 10,293 10,500 10,500 10,500 10,500 Other Sources 

Red iron oxide 21,000 20,000 *20,500 * 20,500 20,500 American Paint and Coatings Journal 

United States 29,242 30,744 31,816 30,747 542,034 | Modern Paint and Coatings 
Zimbabwe‘ 1,000 5207 200 5363 300 

Estimated. Preliminary. ‘Revised. 

' Table includes data available through Apr. 13, 1990. 

2In addition to the countries listed, a considerable number of others undoubtedly produce iron oxide pigments, but output is not 

reported, and no basis is available for formulating estimates of output levels. Such countries include (but are not limited to) China and 

the U.S.S.R. Because unreported output is probably substantial, this table is not added to provide a world total. 

3 Includes Vandyke brown. 

‘Iranian calendar year (Mar. 21 to Mar. 20), beginning in the year stated. 
5 Reported figure. 
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IRON AND STEEL 
| | 

By Anthony T. Peters a | 

Mr. Peters, a physical scientist with 33 years industry and Bureau of Mines experience, has been the commodity specialist | 
for Iron and Steel since 1988. International data tables were prepared by Virginia Woodson and Harold Willis, international 
data assistants. 

he year 1989 was a good but TABLE 1 

: not outstanding one for the in- SALIENT IRON AND STEEL STATISTICS 
dustry. Raw steel production | 
was 97.9 million tons, with (Thousand short tons unless otherwise specified) 

84.5% utilization of capacity reported to | 
be 115.9 million tons. This was about 2% | 1985 1986 1987 1988 1989 
less than that of the previous year, when | Giicasites  OOtC=<CSsee | 
almost 100 million tons were produced by | —=——_.7777TII- 
steel mills operating at 89.2% utilization | om | 
of a capacity of 112.3 million tons. Im- | ___Production, 49,963 44,287 = 48,308 = 55,745 55.873 
ports were approximately 19% of de- Shipments: 
mand, kept moderate by the relatively Steel production 49,547 43,312 47,413 54,833 55,299 | 
weak dollar and the strong demand for Other uses 619 357 315 812 702. | 

Stee wore. the top nine domestic | Expos’ 32 41 50°00 Li | 
e profits of the top nine domestic | ——-—__________ | 

steelmakers declined by about 22% in — Imports? 8B 295 85S 6538 
comparison with that of the previous | _ Steel:’ . 
year, to $1.8 billion; by comparison, the Production of raw steel: 

profits in ee were actually ene a3 Carbon 76,699 71,413 77,976 86,823 86,231 | 
y extraordinary expenses, and the $2.3 | —___. 1... anc | 

billion profit became a $559 million loss. Staines 1685 1089 2028 2199 1926 : 
The year started very strongly, but by | ___Allother alloy BT _—8 80S DAT _ 10,902 __ 9,786 

midyear steel demand, and thus produc: |__—— Total 88,259 881,606 989,151 99,924 97,943 | 
tion and prices, declined significantly. The Capacity utilization, percent? 66.1 63.8 79.5 89.2 34.5 | 
first quarter capacity utilization of near- Net shipment of steel mill products 73,043 70,263 76,654 «= 83,974 ~— 84,100 | 
ly 90% dropped to less than 80% near Annual average composite price for 
yearend. Table 1 summarizes the trends. steel mill products® 27.6 24.8 25.4 25.4 25.2 | 
Worldwide, raw steel output reached Exports of major iron and steel | 

another record high of 862.8 million tons. siete? major iron and stee! 1,266 1,201 1,419 2,576 4578 | 

Increases of those of the previous year —“Tmports of major iron and steel | 

were registered by the European Commu- products? 25,707 22,145 «21,534 «22,310 ~—=—«17,333 | 
nity, which produced 154.1 million tons, | —2___#__ 7 a. | 
an increase of more than 1%; Japan, 2% | —— Profits or (loss), million dollars (34.0) 4,149.9) 1,017.3 12,300 478 
higher at 118.9 million tons; and the de- | World production:® | 
veloping countries, most of which Pig iron 1549842 546,606 561,230 °592,790 °599,740 | 

registered increases of 3% to 4%, toa | Raw steel '791,591 "784,118 808,336 857,941 °863,064 | 
total of 111.2 million tons. Estimated. PPreliminary. ‘Revised. TO 

Slight decreases occurred in the !American Iron and Steel Institute (AISD. 
Bureau of the Census. 

Ponies R nbc Ce, tne (Raw steel defined by AISI as steel solidified from liquid state. | 
. : . ta do not add to total shown because of independent rounding. . 

production by approximately 3% over | ‘Raw steel production capacity defined by AISI as the tonnage capability to produce raw steel for sustained full order book. | 
that of 1988. “iron Age, cents/pound | 

(558.9) after special charges and unusual expenses. 

8Source: Bureau of Mines and the International Iron and Steel Institute. | 

LEGISLATION AND | 

GOVERNMENT PROGRAMS PROGRAMS industry was the extension of the Volun- | States for an additional 2% years, until | 
tary Restraint Agreement (VRA’s) re- March 31, 1992. The law’s short title | 

The most significant event for the steel | stricting steel imports into the United | was Steel Trade Liberalization Program 
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Implementation Act of 1989. The indus- According to the requirements of the | age of the existing installations. Most 
try preferred that the law cover 5 years, | Comprehensive Anti-Apartheid Act of | U.S. coke batteries are more than 20 
but the 2% year extension easily passed | 1986, the President certified again that | years old, with perhaps 10 to 15 years life 
both the House of Representatives and | certain materials are “essential to the | remaining. If no new coke ovens are built, 
the Senate with hardly any objection. | economy or defense of the United States” | the value of coke imports may reach $3 
This compromise version did not contain | and must be excluded from sanctions | billion per year if sufficient supplies from 
some provisions requested by the steel in- | against the Republic of South Africa. Ex- | overseas are available. Availability of 
dustry. Additional details are presented | empted again from import controls were | these supplies is uncertain. 
in the Foreign Trade section. manganese, indispensable for all steels; Lime, the main refining flux, does not 

The Department of Energy (DOE), as | chromium, the base of stainless steels; | present any problems. Deposits of lime- 
authorized by the Steel and Aluminum | vanadium, essential for many tool steels; | stone are practically inexhaustible, and 
Energy Conservation and Technology | platinum group metals, irreplaceable in | the lime burning kilns are under good 
Competitiveness Act of 1988, signed with | catalytic converters for automobile ex- | ecological control. For details, consult the 
the American Iron and Steel Institute | hausts; and eight other materials. Lime chapter. 
(AIST) an agreement to finance up to The U.S. Department of Commerce Ample sources of raw materials for fur- 
70% of a $30 million cooperative pro- | determined that imports of new railroad | nace refractories are in existence, and the 
gram undertaken by eight member com- | rails from Canada were being subsidized | refractories industry, after some shakeouts 
panies of AISI to develop a “direct | and sold at 39% below fair trade value. | in the 1980’s, appears to be capable of 
steelmaking” process without coke ovens | Antidumping duties were assessed | supplying its primary customers, iron and 
or blast furnaces. Details are discussed in | accordingly. steel plants, with all the goods needed. 
the Technology section. Unfortunately, the country has ample 

The DOE was also involved, underthe | __. CC—“‘NCCC#dS- Sap lies of only a few alloying elements, 
terms of the Clean Coal Technology Act ISSUES mainly silicon, and also the less important 
of 1987, in a development program for | ———————_______ | boron and molybdenum. The United 
cleaning up coke plant emissions at the ) States is totally dependent on imports for 
Sparrow’s Point, MD, mill of Bethlehem The raw materials of the steel indus- | most others, including the irreplaceable 
Steel Corp. Also, the DOE financed part | try are iron in the form of iron ore and | and critical manganese and chromium 
of a project to develop “superplastic” | scrap, coal in the form of coke, lime ob- | mentioned earlier. The main reserve 
high-strength steels; two forges and a | tained from limestone, refractories, alloy- | holder, producer, and supplier of these 
major minimill were involved. ing materials, and coating metals. | two metals is the Republic of South Afri- 

The Environmental Protection Agen- | Adequacy of supply of some of these | ca. Shutting off the flows of manganese 
cy conditionally retained blast furnace | materials has been an issue in the steel | and chromium from the Republic of 
slags, dusts, and sludges under the Bevill | industry. South Africa could grossly curtail steel 
exemption for mineral processing wastes The reserves of iron ore in North | production in the United States. 
during 1989. These high-volume, low- | America are very large and are practically The two main coating metals, tin and 
hazard wastes from the extraction and | unlimited worldwide. (For details see the | zinc, were widely available, although 
beneficiation of ores and minerals were | “Iron Ore” chapter.) Supplies of high- | their prices show strong variations. Some 
granted the exemption from subtitle C | quality scrap, not contaminated with | zinc was produced domestically, but most 
(hazardous) regulations under the | nonferrous metals, have been somewhat | was imported. Apart from some recycled 
Resource Conservation and Recovery | tight, but otherwise scrap supplies have | material, the United States is almost com- 
Act, pending the evaluation of further | been ample. The United States is a net | pletely dependent on imports of tin. For- 
hazard data. Slags, dusts, and sludges | exporter of scrap. These issues are dis- | tunately, for many applications, 
from the open-hearth and basic-oxygen | cussed in the Iron and Steel Scrap | chromized or aluminized steel could be 
furnaces were also conditionally retained | chapter. used but, again, the country imports near- 
during the same year. The Agency also Coke represents a political problem. | ly all its chromium and some of its 
extended the compliance time for the | Although reserves of coking coals in the | primary aluminum. | 
treatment of the electric arc furnace dust | United States are very large, the coking The other main issue confronting the 
classified as hazardous until August 1990. | industry is severely handicapped by harsh | steel industry was the question of the 

According to the Omnibus Trade and | environmental rules. Fortunately, metal- | VRA’s. The industry was skeptical that 
Competitiveness Act of 1988, the Inter- | lurgical coke, sometimes made from | extension for only 2% years was suffi- 
national Harmonized Customs Code Sys- | American coal, is obtainable from | cient to complete the domestic moderni- 
tem came into use on January 1, 1989. | abroad, ata price. It does not appear that | zation of plants and, especially, for 
The act also mandated conversion of all | any new coke batteries will be built in the | negotiating free and fair trade in steel 
governmental business to the metric sys- | United States because of the uncertainty | worldwide. 
tem by 1992. Steel industry officials | of environmental regulations. Possible 
Stated that the cost of the conversion, es- | changes in the Clean Air Act may cause |_ 
timated at several billion dollars, would | the closure of several of the 40 existing PRODUCTION a 
involve duplication and replacement of | coke plants. The reason is that there is | ———___ 
machinery, spare parts, tools, and rolling | either no technology available to meet the 
rolls. This rendered rapid adoption of the | mandated limits or the large expenditures At yearend, there were 82 companies 
metric system impractical. for compliance are not warranted by the | and independent subsidiaries producing 
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raw Steel at 125 locations. Of these, 15 TABLE 2 | 

were integrated companies, organizations | = EFFICIENCY TRENDS OF U.S. STEEL PRODUCTION 
that produced raw iron by smelting iron | 
ores and their concentrates and convert- | ————2—@@- 
ing the iron to steel using the basic __—«Rawsteel Average steel’ = Manpower” 
oxygen furnace refining process. This ac- Year Capacity Utilization Continuous product input 

counted for 60% of the production. The (thousand (percent) cast vere nour er 
integrated mills also had several electric |______—Short tons), = (percent) _—_—(Percent)_—_—_— shipped ton) 
arc furnaces. The others were the mini- | 1989 115,900 84.5 64.8 86.4 PS.9 
mills or nonintegrated operations that | 1988 112,200 89.2 . 61.3 84.0 5.7 

produce steel by remelting and refining | 1937 112,200 79.5 59.8 86.0 4.6 

iron and steel scrap, and some specialty | 9g 127000 3B SDS 
The State with the highest steel pro- 1985 133,600 OG AG 

duction again was Indiana, with 20.8 mil- | 1984 135,300 68.4 39.6 19.7 6.4 
lion tons; followed by Ohio, 16.4 million | 1983 150,600 56.2 — 32.1 79.9 7.0 

tons; and Pennsylvania, 11.9 million tons. | 1982 154,020 48.4 29.0 82.6 8.5 

industry is presented in table 2. | 98118480783 82S ustry 1 , eee 
There was an increase in the propor- 198000153700 2B 208 

tion of continuously cast steel for the | 1979 = = 155,300, 87-8 GBS 
year. This was probably due to some drop | ‘Preliminary. - 
of production in the second half of the Hourly and wtvied tours combine 

year—the less efficient ingot pouring Sources: American Iron and Steel Institute and Bureau of Labor Statistics. 
operation would be suspended before any 
continuous casting operations were 
closed. The higher usage of work force | Japanese-owned automotive companies | hot-rolled coils. The entire greenfield mill 
reflects the tendency to hold on to skilled | in the United States. Major upgrading of | cost $265 million or $331 per yearly 
operators despite a drop in operations. | the mill was planned. | product ton. This was considered low by 

. An old rod mill from the South Works | integrated steel mill standards. Cold roll- 
Integrated Mills of USS at Chicago, IL, was sold to the | ing was to be added within 1 or 2 years, 

Armco Steel Corp. sold a 40% interest | Colombian Aceria del Rio Paz. Disman- | but the width of only 52 inches (1,320 
in its Eastern Division, producing flat | tling of this mill left only a wide flange | millimeters) makes the steel unsuitable for 
products, to Kawasaki Steel Co. for $350 | mill operating. many applications, such as automotive 
million; the Japanese partner proposed to USS also announced the construction | use. Furthermore, electric furnace steel 
invest another $350 million in rehabili- | of a third continuous caster at its Gary, | possesses some charateristics inherently 
tation of the Middletown, OH, and Ash- | IN, works. This will make Gary a 100% | undesirable for deep-formed flat products, 
land, KY, works in exchange for a | cast operation. mainly because of its relatively high con- 
further 10% ownership. oo. tents of nitrogen and residual elements, 

Inland Steel Co. culminated its long Minimills such as chromium and copper. 
cooperation with the Japanese Nippon For the first time in history, a nonin- Another first for Nucor was the men- 
Steel Corp. by selling Nippon 13% of In- | tegrated steelmaker shipped more steel | tioned Nucor-Yamato plant that makes 
land’s stock for $185 million and buying | than an integrated company. North Star | large-size, wide-flange beams. This was a 
1% of Nippon Steel, the world’s largest | Steel Corp. shipped 2.26 million tons | new product for minimills. This market 
steelmaker. Because Inland had a num- | from its four mills whereas Wheeling- | had been occupied by the integrated 
ber of profitable steel service subsidiaries, | Pittsburgh Steel Corp. shipped 2.23 mil- | majors. 
this was largely regarded as an antitake- | lion tons. Nucor Steel Corp. was not far Northwestern Steel Corp. was moving 
over maneuver. behind with shipments of 2.10 million | in the same direction, having bought the 

The LTV Steel Corp. completed the | tons. Once the two new mills of Nucor | abandoned Houston, TX works of Arm- 
sale of its Bar Products Div. to its em- | are producing at capacity, Nucor should | co Steel. This mill was to be converted 
ployees through an Employee Stock | be shipping in excess of 2% million tons | to the production of large sections, includ- 
Ownership Plan. The new company was | from its six operations. One, Nucor- | ing wide-flange beams. It was to be 
called Republic Engineered Steels, Inc. | Yamato Steel Corp., is 50% owned by | supplied by shaped cast blanks made on 

United States Steel Corp. (USS) sold, | the Japanese partner. a continuous caster to be constructed at 
for an undisclosed sum, a 50% interest Nucor achieved a spectacular first in | the main works in Sterling, IL. Like most 
in its only bar products integrated mill, | mid-1989 by starting the production of | minimills, Northwestern was also com- 
the Lorain Works, to the Japanese Kobe | flat products using a new “thin slab cast- | pleting a ladle metallurgy station aimed 
Steel Corp. Kobe specializes in the | ing” technique, developed in Germany. | at improved steel control. The heat size of 
production of high quality bar steels, and | It appeared that by yearend the Craw- | this minimill was 380 tons, the larg- 
the announced purpose of the sale was | fordsville, IN plant reached about 30% of | est electric furnace heat in the world, 
the production of special bars for the | its capacity of 800,000 tons of | making this installation very unique. 
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Once this expansion is completed in 1990, TABLE 3 

Northwestern's capacity would be in ex- _ MATERIALS CONSUMED IN BLAST FURNACES © 
cess of 2% million tons per year. AND PIG IRON PRODUCED | 

Birmingham Steel Corp. announced 
that, in conjunction with Proler Interna- (Thousand short tons) 
tional Inc., a scrap processor, and Danieli 
S.P.A., an Italian mill machinery | ———yqaeias~~~SCSC~C«SG9BSSCSS~«~S RTSSC~d‘BB 9g 
manufacturer, it would be building a flat_ |§ ——@£ > FJ iii 
products mill in Texas, to be named | Fomoxidess 
Buffalo Steel Corp. Proler owned 35% | Ores 3,201 2,087 2,972 9,682 3,539 
and Danieli 15% of the enterprise. The Pellets 56,987 48,072 54,564 67,268. 67,967 

mill was to cast medium thickness slabs, Sinter2 17,838 14,574 15,895 17,082 15,062 |. 
5 inches (127 millimeters) thick, and roll Total 78,026 64,733 73,431 90,032 86,568 
them on a hot strip mill reconditioned by a F381 079 —3 389 3.007 3302 
Danieli. The abandoned Baytown Works Visccllancoust 3093 1502 1703 e1 900 ©) | 00 
of U.S. Steel Corp. was bought by Bir- | ———————-—______ ° mingham, and the environmental protec- Coke 26,564 22,573 24,031 29,442 29,175 

tion permits were transferred to the new | _ Fluxes° 3,132 2,247 2,131 “2,100 “2,000 
owners. This made the startup of the new | Pig iron produced® 49,963 44.287 48,308 55,745 55,873 
$260 million, 1.2-million-ton hot strip mill | eEgimatea 
possible as early as 1991. American Iron and Steel Institute. 

The small New Jersey Steel Corp., a | rei swe ov ante ins, diluent ver mtr mtr ak Some nds 
producer of reinforcing bars, announced ‘Mainly revert materials not sintered. | : 
a plan to build a flat products mill of : Includes fluxes used in sintering at the steel plant, but excludes fluxes consumed in agglomeration at the iron ore mine. 

500,000-ton capacity using the thin slab | *% “isposition of iron, see table 1. | 
casting technique, apparently the same as | | 
that utilized by Nucor. | | TABLE 4 

Oregon Steel Corp., Portland, OR, | SPECIFIC CONSUMPTION OF MATERIALS IN BLAST FURNACES 
bought an unused plate mill from Califor- | 
nia Steel Corp. for $7.5 million. This mill, (Pounds per short ton) : 
with a capacity in excess of 1 million tons 

of plate per year, was a part of the mills | Material 1985 1986 1987 1988 1989 
of the defunct Kaiser Steel Corp. in Fon- | Oe, SSCSCSCSCSOSOSSSOSLB DBT 
tana, CA, bought by California Steel in Peles 298] 17] 2959 9413 9.433 
1984. The mill was to stay in place and ae — ° 
roll only about 150,000 tons per year of | Sites _ 4 __ 658 _ 658 _ 613 _3539 
plate, which was needed for Oregon Total 3,113 2,923 3,040 3,230 3,099 
Steel’s tube mill in Napa, CA. Enlarge- | Scrap? : «95 94 ~ 140 ~ 108 ~ 120 
ment of the melt shop in Portland would | Miscellaneous? 81 68 71 €68 e75 

| increase the tonnage at the Fontana mill. | Gye St=CS 1.063 1.019 995 1.056 1.044 
A new minimill started production in Flues? 105 101 98 15 e7D 

1989. This was the First Mississippi Corp. a 

Inc., in Hollsop Pp le, PA, with a capacity lincludes sintered ore and pellets, fines, dust, mill scale and other revert iron bearing materials; also some nodules. 

of I 10,000 tons. Its two 40-ton furnaces 2Mainly briquetted turnings and borings, shredded scrap, etc.; scrap produced at blast furnaces and remelted not included. 

were charged mostly with direct reduced | {Mainly revert materials not sintered. . . 
iron and featured oxygen fuel burners Includes fluxes used in sintering at the steel plant, but excludes fluxes consumed in agglomeration at the iron ore mine. 

and argon stirring from the bottom. This Source: American Iron and Steel Institute and the Bureau of Mines. 

enabled the mill to make very low car- 
pon Jow residuals clean steel. Once a la- TABLE 5 
dle furnace and a horizontal caster are 
installed in 1990, this relatively small U.S. STEEL PRODUCTION, BY TYPE OF FURNACE PROCESS 

operation may be the most technological. | 
ly advanced in the world. Until then, it | | Basic oxygen Basic open hearth Basic electric arc Total 
makes ingots for sale. Year thousand 

Statistics regarding steel production non ton (percent) Short tonal (percent) unre (percent) short tons) 
and materials consumption are shown in 79a a 
tables 3 through 6. 198958348 59.6 4442 4S 85,154 35.9 97,943 

1988 57,960 58.0 5,118 5.1 36,846 36.9 99,924 

Foreign Investments in the 1987 52,496 58.9 2,666 3.0 33,989 38.1 89,151 
U.S. Steel Industry 1986 47,885 58.7 3,330 4.1 30,390 37.2 181,606 

The purchase of a small specialty steel | 1985 51,885 58.8 6,428 7.3 29,946 33.9 88,259 
producer by a Canadian steel corporation 'Data do not add to total shown because of independent rounding. 
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TABLE 6 | 
U.S. CONSUMPTION OF SCRAP AND PIG IRON IN | 

STEEL PRODUCTION, BY TYPE OF STEELMAKING FURNACE! | 

(Thousand short tons) | | 

Year Basic oxygen Basic open hearth Basic electric arc Total 

Scrap Iron Scrap Iron Scrap” Iron Scrap Iron 

1989 16,680 51,626 1,020 2,105 30,981 730 48,681 54,461 

1988 : 17,484 52,446 978 3,858 34,345 248 52,807 $6,552 

1987 15,230 47,525 992 2,057 32,009 304 8,321 49,612 

1986 14,753 41,582 1,556 2,325 31,166 313 47,475 44,220 

1985 15,339 44,515 2,411 4,737 32,252 503 50,002 49,755 

"Revised. . 

pig iron mainly as liquid in basic oxygen and open hearth furnaces. 

Consumption of scrap appears to be underreported. . 

TABLE 7 , 

FOREIGN INVESTMENTS IN THE U.S. STEEL INDUSTRY IN 1989 

Foreign 

vs ee ea Country Kind of venture ownership 
(percent) 

Armco Steel Kawasaki Steel : Japan Integrated mill 50 

National Steel Nippon Kokan Steel do. do. 50 

US. Steel | Kobe Steel do. do. 50 

Wheeling-Pittsburgh Steel Nisshin Steel | do. do. | 10 

Copperweld Steel Daido Steel | do. Specialty bar mill 17 

Ft. Wayne Steel Slater Steel Canada do. 100 

Inland Steel Nippon Steel Japan Integrated mill 13 

Do. do. | do. Cold rolling mill 40 

Do. do. do. Galvanizing lines (2) 50 

LTV Steel Sumitomo Steel Korea : Electrogalvanizing lines (2) 50 

US. Steel Pohang Steel do. Cold rolling mill | 50 

Wheeling-Pittsburgh Steel Nisshin Steel — Japan Electroganvanizing line 50 

Nucor Corp. Yamato Steel do. Minimill 50 

California Steel Kawasaki Steel do. Fiat rolling mill 50 

Do. CVRD Brazil do. 50 

Al Tech Co. Sammi Group Korea Stainless steel mill 100 

Avesta Co. Avesta Co., Sweden Stainless plate mill 100 

Source: The WEFA Group, company reports 

in 1980 did not cause much concern. For- | Etiwanda, CA, are owned by Japanese in- | provided the majorities of the funds, 

mation of California Steel Corp. in 1984 | terests. The bankrupt Phoenix Steel | totaling a little more than $3 billion, plus 

by a joint venture involving American, | Corp. in Claymont, DE, was modernized | technical expertise. 

Brazilian, and Japanese interests was wel- | by its new Chinese owners. It started 

comed. This was the purchase and start- | again in 1989 to produce plates, working | = == 

up of the rolling end of the defunct Kaiser | as Citisteel Corp. a CONSUMPTION 

Steel Corp. in Fontana, CA. Since then The US. partners of foreign investors | ————________________ 

a number of major joint ventures came | in domestic steel operations usually put 

into being, mostly in 1989. Table 7 illus- | up relatively small amounts of cash in Apparent consumption is the sum of 

trates this trend. joint ventures, totaling up to 1989 about | steel mill shipments plus imports minus 

Also, at least three small minimills, Au- | $450 million. The location itself and the | exports, with an adjustment, always 

burn Steel Co., Auburn, NY, Razorback | local and marketing expertise were most | small, for inventory change over the pe- 

Steel Corp., Newport, AR, and Tamco, | critical. The foreign partner invariably | riod in question. Before about 1960, the 
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United States was a net steel exporter, but TABLE 8 

thereafter it imported increasingly high DISTRIBUTION OF SHIPMENTS OF STEEL MILL PRODUCTS, 
amounts of steel. Imports in some months BY PERCENTAGE 
accounted for 30% of demand; conse- 
quently, correlation of demand with | ——— 
domestic production is poor, especially 1985 1986 1987 1988 1989 
since the latter was affected by unpre- | Shipments by steel type: 
dictable occurrences such as steel or auto- | Carbon steel 88.1 88.9 89.0 92.7 93.4 
motive strikes, introduction of the Alloystel = 01 #4293 90 453 49 
VRA's, etc. “Suinkss tel —=—=S=~*~“‘=*‘“‘éSCSNSTOUOCAB 202204 The kind of demand is well known and SiR Stee eB 
fairly constant, judging from the exten- | Shipments by products: 
sive reports of shipments by the AISI and Wire rods 4.2 4.9 5.0 4.8 5.0 
customs data for imports. Unfortunate- Structural shapes, 3 inches and over 5.2 6.0 6.3 5.8 6.0 
ly, the categories are not identical, espe- | Piates 5.9 5] 53 87 8 6 
cially since the introduction of the “Bas ttCSststSSS SSCS dO 
Harmonized Tariff System in 1989. Thus, | ————— 
direct addition of categories is not possi- | —Reimforcing bars KB 
ble. Furthermore, opinions vary as to the | _ Pipe and tubing | 5.6 4.2 4.7 5.3 4.8 
ferrous content of secondary steel im- Hot rolled sheet and strip 18.5 18.2 17.9 16.4 16.6 
ports, i.e., those of goods consisting main- | Cold 19.8 20.2 19.3 17.6 17.4 
ly of iron and steel. Tete SSS 

Eliminating from the AISI data the ———————Es<se-<= tL 46 33 
10% to 15% of shipments classified as —avanized sheet and stipe 
“other” or “unclassified” leaves data | __Hotdipped 4103100092 10011 
presented in table 8 divided in three Electrolytic _ 0.9 1.3 1.9 2.5 2.6 
groups. All others 13.2 11.9 11.7 12.6 8.5 

The first group, distribution of ship- | Shipments by markets: 

ments by steel type, indicates a shift from | “co vice centers and distributors =—~=~=C*é<“‘«z Sti‘ DStCiDtC«i SC alloy to carbon steel. This is probably a | —@————_AA ee 
reflection of the wide adoption of high- | —Comsttuction, SSA 
strength low-alloy steels, which are usual- Automotive 17.7 16.9 14.8 15.0 13.3 

ly reported as carbon grades. Machinery 9.4 10.0 9.7 9.6 2.6 
The second group, distribution of ship- | Containers | 5.6 5.9 5.7 5.3 5.3 ments by products, shows few changes | ~Anothes ~~~ ~~ 067070958806 S 

of clectreealvanized ctect Tine cxnecred | Total shipments thousand short ons 75,657 72.737 80,646 88,391 84,100 
that this growth will continue, especially | 
because of automakers’ preference for 
this kind of steel for many applications. | lowered shares of construction and of | iron.—7,210 million tons, with automo- 

The last group, distribution by mar- | automotive and machinery markets in | biles and trucks accounting for one-half 
kets, introduces a new variable— | 1989 represent the weakness of these | of the total; Ductile iron.—3,300 million 
shipments to steel service centers and dis- | segments. | tons, pressure pipe and fittings consum- 
tributors. The final use of this steel is not ; ing one-half of the total; Malleable 
known, but information from the Steel | Castings iron.—320,000 tons; this is a decreasing 
Service Centers Institute, with more than The actual consumption of iron and | commodity in favor of ductile iron; Plain 
400 members handling about 24 million | steel castings is difficult to estimate for | carbon and low-alloy steel.—1,340 mil- |» 
tons of domestic and imported steel, in- | two reasons: (1) a large part of the de- | lion tons; and high-alloy steel—130,000 
dicates that up to one-half of this steel is | mand is satisfied by imports of castings | tons, mainly stainless. 
ultimately used in construction, with | or of assemblies not reported as castings According to a survey by the USS. 
about one-quarter used for replacement | but in which castings are a major part of | Department of Commerce, ferrous foun- 
automobile parts and by machinery | the weight, and (2) many large industrial | dries shipped the following amounts of 
makers. The balance is spread over many | users, such as the General Motors Corp. | castings: gray iron, 4,675 million tons; 
applications. and most integrated steelmakers, have | ductile iron, 2,815 million tons; malleable 

It is remarkable that the distribution | their own foundries. These make castings | iron, 283,000 tons; and steel (carbon and 
of steel by the main markets hardly | for their own use but also sometimes for | alloy), 1,137 million tons. The differences 
changed over the past 20 years. The only | sale, with the sold tonnages usually clas- | between these numbers and the demand 
major change was a drop of steel use by | sified with “other products.” data shown previously probably represent 
the canmakers in favor of aluminum. The American Cast Metals Associa- | imports. 
This trend seems to have stopped, as in- | tion made the following estimates of The ferrous industry consists of about 
dicated by the numbers in the table. The | total demand in 1989 in short tons: Gray | 1,200 foundries. Many use automated 
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production. A few also experiment with | to be biased toward flat products made In July 1989, President Bush an- 
advanced melting methods; for example, | by the integrated steel producers and sell- | nounced a Steel Trade Liberalization Pro- 
General Motors: was running an ex- | ing in the $350 to $700 range. The bars | gram extending the VRA for 2% years. 
perimental electric plasma unit, with the | and structural shapes produced by the | Overall, the steel import limit was set at 
goal of higher productivity, less melting | minimills and representing roughly 25% | 18.4%, the level of imports during the 
loss, less pollution, and the ability to use | of all steel shipments cost much less and | last year of operation of VRA 1. As a 
low-grade feedstock such as turnings and | seem to be underreported in the index. In | result of protracted negotiations, VRA’s 
borings. any case, the extent of discounting, even | were signed with the European Commu- 

: by minimills, made the published change | nity and 16 other countries. Instead of 
Cs nt practical significance. specifying tons, the agreements specified 

STOCKS The Iron Age Pig Iron Index was based | levels of participation as a percentage of 
| on American-made foundry pig iron; be- | U.S. consumption in 1989. Furthermore, 

cause almost none was produced in the | all signatories agreed to work toward the 
There are no governmental stocks in | United States, the $213 per ton, un- | elimination of steel trade distorting prac- 

existence. Steel mill inventories usually | changed for several years, was only of | tices, such as refunds of taxes, subsidies, 
run to about 1 month’s production, about | historical interest. The actual prices of | etc. On this basis, most countries had 
10 to 12 million tons, but one-half or | Canadian and Brazilian pig iron were in | their quotas increased in the second and 
more of this steel was earmarked for | the range of $170 to $190 per ton. third part of the pact’s duration. Table 12 
predictable future orders. Service centers appended the VRA’s. Table 13 shows the 
typically carry about one-half of this | _.-— ——CCSCSSST_| im por ts Of pig, iron, mainly for foundry 
amount, 6 to 7 million tons, representing | , use. Tables 14 and 15 show the steel im- 
3 to 4 months of their shipments. Users’ FOREIGN TRADE ports by product categories. Table 16 
inventories are highly variable. : Export shows details of imports of stainless steels. 

| Xpor's Distribution between individual steel 
The relatively weak dollar helped | products did not change much from the 

PRICES several U.S. mills to export significant previous VRA except that quotas for 

| amounts of steel, varying from semi- | semifinished steel imports were increased 
| finished to electrogalvanized, to markets | for countries owning rerolling mills in the 

Demand was strong and prices were | that seemed to be closed only a few years | United States. The quotas for pipes and 
firm at the begining of 1989. This was | earlier. Most integrated steel producers | tubes were reduced from 38% to 24% of 
true, except for the depressed oil coun- | such as U.S. Steel, which reactivated its | apparent consumption, reflecting the low 
try tubular goods market, and little if any | closed export division, Bethlehem; LTV; | demand level for the oil country tubular 
discounting. Near yearend, the demand | Inland; Armco; and Geneva, reported | goods in the United States. Special steels 
was low, especially from the automakers, | shipments to the Far East, Europe, and | were included in the overall VRA. The 
and discounting was severe, up to 20% | South America. A number of minimills; | demand for semifinished steel, strong at 
from list price and even more in stainless | such as Chaparral Steel Co. and Thomas | the beginning of the year, tapered off to 
steels. . Steel Corp., also reported such shipments. | zero by midyear. Total imports were 17.3 

In the market, it is the discounting | | Chaparral Steel was the first American | million tons (disregarding castings) or ap- 
practice that determines a steel price. The | steelmaker to obtain the quality approval | proximately 19.5% of the total demand. 
nominal list prices are of no significance | from the Japan Institute of Standards, the 
in-a buyers market. The numerous qual- | Japanese standards organization, which | 
ity and grade extras are enforced only in | is needed to participate in almost all | WORLD REVIEW 
the infrequent periods of steel being on | Japanese construction projects. Other | ————————— 
allocation for spot orders. Each steel sale | producers indicated that they were in the 
is a negotiated transaction, not of any | process of obtaining this certification. The production of pig iron, direct 
open market type. The traditional steel Total exports in 1989 exceeded 4% | reduced iron, and raw steel (crude steel 
salesman’s expression “steel is not sold, | million tons, the best year since 1980. | in Europe) in all countries is shown in 
it is bought” is a characterization of steel | Table 9 shows the major shippers and | tables 20 and 21. There are some minor 
as being demand driven, except for new | recipients of U.S. steel; tables 10 and 11 | discrepancies between the numbers pub- 
specialty grades. Hence, determination of | list the exports by product categories. | lished by the International Iron and Steel 
actual steel selling prices is not really pos- Institute and those obtained by the 
sible. This is also due to the fact that at | Imports Bureau of Mines from individual in- 
least 20 common grades and more than The majority of steel imports entered | quiries; none appear to be significant. 
100 specialties are traded every day in | the country under the terms of the ; 
hundreds of sizes, shapes, gages, surface | VRA’s. The VRA’s | were originally es- Capacity 
finishes, coatings, and qualities. tablished in 1984 when import penetra- A precise estimate of steelmaking ca- 

The Iron Age Magazine Finished Steel | tion at times reached 30% of USS. | pacity is not possible. Not only is this 
Base Index moved slightly during the | consumption. The purpose of the restric- | number affected by normal operating 
year from $495 per ton to $512, a change | tions was to enable the U.S. industry to | conditions, such as variations of quality 
of only about 3% %, which reflected the | modernize its facilities. These VRA’s, | of raw materials and of product mix, but 
published list prices. The index appears | now called VRA 1, expired in late 1989. | some countries count unused, obsolete 
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TABLE 9 

/ U.S. MAIN STEEL PRODUCTS IMPORT AND EXPORT PARTNERS, BY COUNTRY | | 

. (Thousand short tons) | a 

1985 1986 1987 1988 , 1989 

, Imports Exports Imports Exports Imports Exports Imports Exports Imports Exports 

Brazil i | 1,701 3 1,098 19 1,103 16 1,369 7 1,380 29 

Canada 2,868 314 3,203 216 3,670 414 3,173 494 2,975 638 

France | — 1,596 2 1,206 2 1,088 3 1,244 26 1,176 - 15 

Germany, Federal Republic of 2,361 12 2,012 8 1,776 12 1,880 14 1,543 1,880 

Japan | 5,975 7 4,422 32 4,321 13 4,290 212 3,653 578 

Korea, Republic of | | 1,899 6 1,525 16 1,296 24 1,307 45: 993 725 

All others 7,856 588 7,226 636 7,160 647 7,628 1,271 5,600 713 

Total 24,256 932 20,692 929 20,414 1,129 20,891 2,069 17,320 4,578 

TABLE 10 

U.S. EXPORTS OF MAJOR IRON AND STEEL PRODUCTS 

1987 1988 . 

Product Quantity Value Quantity Value 
: | (short tons) (thousands) (short tons) (thousands) 

| Steel mill products: | | 

Ingots, blooms, billets, slabs, sheet bars 73,543 $34,285 — 61,430 $34,637 

Wire rods 7 8,850 15,200 10,768 17,405 

Structural shapes, 3 inches and over 63,159 28,283 61,494 35,076 

Structural shapes, under 3 inches 11,563 10,196 13,461 16,084 

Sheet piling 2,952 1,637 428 369. 

Plates 96,538 67,655 119,393 104,591 

Rails and track accessories | 11,988 13,228 13,646 27,233 

Wheels and axles | 3,766 17,767 — — 

Concrete reinforcing bars 20,550 8,213 23,480 7,486 

Bars, carbon, hot-rolled 40,675 18,272 45,305 21,645 

Bars, alloy, hot-rolled 24,845 41,408 33,398 52,504 

Bars, cold-finished 21,925 29,831 23,107 42,691 

Hollow drill steel 1,677 2,850 2,102 3,402 

Pipe and tubing 149,941 220,513 248,337 344,501 

Wire 26,146 44,178 35,062 76,412 

Nails, brads, spikes, staples 7,905 34,285 487 78,408 

Blackplate | 73,967 27,731 139,125 62,906 

Tinplate and terneplate 172,842 71,794 301,392 147,875 

Sheets, hot-rolled 80,001 67,933 419,037 197,935 

Sheets, cold-rolled 46,685 45,866 102,965 119,155 

Strip, hot-rolled 28,321 21,448 32,331 29,121 

Strip, cold-rolled 15,838 45,802 55,676 76,458 

Plates, sheets, strip, galvanized, coated or clad 110,705 81,222 323,529 206,391 

Total! 1,093,982 949,597 2,065,955 1,702,286 

Other steel products: a | oO 

Plates and sheets, fabricated | 10,708 20,806 64,611 90,649 
See footnote at end of table. 
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: TABLE 10—Continued 

U.S. EXPORTS OF MAJOR IRON AND STEEL PRODUCTS | 

1987 1988 

Product Quantity | Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

Other steel products—Continued 

Structural shapes, fabricated 35,662 $70,791 44,832 $10,888 

| Architectural and ornamental work | 1,472 5,532 33,101 63,481 

Sashes and frames 5,462 20,639 2,485 4,993 

Pipe and tube fittings 25,189 182,307 110,313 382,769 

Conduit 5,631 6,376 — — 

Bolts and nuts 55,608 88,229 10,322 94,08 1 

Forgings | 78,202 83,824 107,522 60,407 

Cast-steel rolls 1,880 2,700 2,907 10,820 

Railway track material 5,774 1,259 4,648 5,023 

Total! | 225,587 482,464 380,741 723,111 

Iron products: ST OO DC ST 

Cast-iron pipes, tubes, fittings 31,898 52,586 62,247 80,414 

Iron castings 67,197 55,134 66,594 50,005 

Total! 99,095 107,719 128,841 130,419 

Grand total! 1,418,665 1,539,781 2,575,537 2,555,817: 

'Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census; product grouping based on the Tariff Schedules of the USA. 

Note: For 1989 data see table 11. 

TABLE 11 installations as capacity as long as jen fa- 
cilities exist, while other countries do not. 

U.S. EXPORTS OF MAJOR IRON AND STEEL PRODUCTS! IN 1989 Developing countries and centrally 

(Thousand short tons and thousand dollars) planned economies usually regard the 
best output of several past years as capac- 

Product ~S~*~—C—sSsSsSSSQaatitySS*~*~*~*«S ad ity but overstate the possibilities of new 
| installations, etc. 

Steel mill products; | It appears that the world’s steelmaking 
Semifinished sections 391 106,743 | capacity under normal conditions is on 
Wire rods 36 1,824 | the order of 940 million short tons per 

Structural shapes 181 69,504 | year. 

Steel piling 5 2,050 

Plates, cut lengths | 137 53,430 | CURRENT RESEARCH 
Plates in coils 494 187,720 | -.0(———0_— a 

Rails and track accessories 17 5,304 Some problems of technology not 

Bars, hot-rolled 87 25,926 | caused by political factors were dimin- 
Bars, concrete reinforcing 88 22,968 | ished by two general developments. 
Bar, cold-finished 4] 34,358 The past 5 years saw a strong growth 

“Tol stel—SC—<“<—s=‘i—s=CSsSst‘is=CStt 13 20,970 of cooperative research managed by AISI 
© and involving member steel producing 
_Standard pipe 23 11,638 | companies, universities, and also major 
_Oilcountry goods 320 192,960 | supply and customer companies if the 

Line pipe 28 16,940 | subject involved a raw material or proper- 
Pipe, other 1 540 | ties of steel; for instance, a Refractories 

"Pipe and tubing, stainless ==st=<“‘sS~*W and tubing, stainless 9 7,600 Research Center was established at the 
“Tubing not stainless =SC=<C*~C<CS 63 33,300 University of Missouri at Rolla. Although 

OO OS the original planning expected about 10 
Wire | 31 18,662 | member companies to share the cost, no 
Black plate — — | less than 23 members and suppliers signed 

See footnote at end of table. up. 

IRON AND STEEL MINERALS YEARBOOK—1989 | 583



TABLE 11—Continued | The flow of information became much 

U.S. EXPORTS OF MAJOR IRON AND STEEL PRODUCTS; IN 1989 _ | More open than formerly. A good exam- 
ple was the wide variety of countries from 

(Thousand short tons and thousand dollars) which technical papers were presented at 

the annual Ironmaking and Steelmaking 
Product S”™*~*~<“~=s~‘s*::::””””S”~C~”:CS Quantity ”S”S*~*~S*« ade Conferences of the American Institute of 

Steel mill products—Continued~—S=<“<‘“<CS;S7S; SS Mining and Metallurgical Engineers. 
aaa Papers originating abroad were uncom- 

_Vinplate 188 105,280 | mon before the 1980’s, but in recent years 
Tin-free coated steel 30 15,450 | about 20% of the presentations were 
Sheets, hot-rolled 1,156 415,720 | from Japan, whereas another 20% or so 
Sheets, cold-rolled 499 275,947 | came from other countries, including a 
I few from the U.S.S.R. 

_Sheets and strip, hotgalvanized 333 192,474 | An important development was initia- 
_ Sheets, electrogalvannized 11 65,823 | tion of the Direct Steelmaking Project, 

Sheets, coated 103 62,212 | mostly funded by DOE and managed by 
Sheets, electrical 55 33,715 | AISI. This activity aimed at the develop- 
Strip, hot-rolled 44 18,392 | ment of a process to produce steel direct- 

Sheets coldjolled”ti“‘i‘iC 99 41.563 ly from iron ores or concentrates, 
a —— —_——-— | bypassing the production of iron in blast 

Total steel mill products 4,578 2,063,103 | furnaces and, thus, also the necessary | 
Fabricated steel products: coke ovens. Thus, pollution due to coke 

| Structural shapes 125 97,375 | Making and iron smelting is eliminated. 
Wire rope 3 4,020 The process will be carried out in two 

——_. SJ. connected vessels. The iron oxides, in 
_ Wire strand q 8,435 | whatever form, will be fed from the top 

Wire springs 37 | 44,585 | along with coal, which will be the reduc- 
Nails and staples 10 | 13,940 | ing agent. Oxygen for combustion will be 

Industrial fasteners 136 19,565 pown an irom the vessels power ene. var 
eae ial refining of carbon-rich iron to crude 

_Fipe and tube fittings 4 24,068 steel is to take place there. Because this 
| ___Allother fabricated products __188 __188,000 | takes place in a closed system and the 

Total fabricated steel products 520 | 400,588 | gases are returned to the first reduction 
Total all steel products 5,098 2,463,691 | vessel, pollution is eliminated or at least 

Iron products: oO Oo minimized. . . 
"Tubes, pipes, and fittings =~CS 73 78 475 The main differences between this 

oO . process and the well-known methods of - 
Castings _ 47 ___ 39,480 | producing direct reduced iron are the use 

Total iron products 120 117,995 | of coal instead of natural gas as a reduc- 
“Estimated. tant and the production of crude liquid 
'Product grouping based on Harmonized Tariff System of the United States. Steel rather than solid, impure iron suit- 

able as a scrap substitute. 
An important development that oc- 

TABLE 12 curred mainly in 1988 and 1989 was the 

STEEL IMPORT VOLUNTARY RESTRAINT AGREEMENTS wide adoption of flux pellets for the 
AS A PERCENT OF U.S. APPARENT CONSUMPTION, 1989 production of iron. Some details are dis- 

cussed in the Iron Ore chapter. 
[—__—_—X Inland Steel Co. and the Research- 

Countr VRAI First Second Third Cottrell C ‘ointlv develoved 
y veriod! period! period! ottrell Corp. jointly developed a process 

Awnalia. ag NS for the reduction of sulfur levels in ex- 
oT haust gases of coal-fired power stations 

Austria 24 25 25 23 | and boilers. It involved controlled addi- 
Brazil 1.35 1.80 2.10 2.10 | tions of limestone and lime powders into 
China 08 08 09 09 | the flame. If widely adopted, it could 

Czechoslovakia 04 04 04 04 | reduce the acid rain problem. 

European Community 6.94 7.00 7.00 7.00 The question of USS. dependence on 
Finland 44 45 95 95 supplies of most alloying elements from 
—_ foreign sources is discussed in the Issues 
German Democratic Republic ll 10 10 10 | section. The extent of possible substitu- 
Hungary 03 05 05 05 | tions was extensively studied, but not 
Japan 6.19 5.00 5.30 5.30 | much progress can be expected in this 
See footnote at end of table. area. 
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TABLE 12—Continued value of the dollar, remain unchanged. 

STEEL IMPORT VOLUNTARY RESTRAINT AGREEMENTS However, if they are abandoned, the 
AS A PERCENT OF U.S. APPARENT CONSUMPTION, 1989 question becomes one of imports levels. 

| | If imports rise as high as those before the 
SSS | introduction of VRA in 1984, reaching 

Country VRA I First Second Third | up to 30% of consumption in individual 
eri” period” period” =| months, U.S. steel production will con- 

Korea, Republic of 1.92 2.45 2.62 2,62 | tract sharply, and the shift to purchasing 

Mexico 49 95 1.10 1.10 | semifinished steel from abroad may be 

Poland 09 13 13 143 | even more pronounced. If not, and the 
imports stay at 17% to 20% of consump- 

Romania u M cu u tion, production should not be severely 
Trinidad and Tobago 04 12 13 15 affected. 

Venezuela 21 33 33 33 As a very rough guess, it should be ex- 
Yugoslavia 02 05 05 05 | pected that in 1991-95, U.S. production 

Total 18.36 19.10 90.14 40.26 | in the case of combination of favorable 

‘Numbers are approximate because some VRA‘s were negotiated for two 15-month periods, and others were negotiated for other combi- factors could reach 115 million tons; if 

nations totaling 30 months. Market shares are based on 1989 apparent consumption. unfavorable factors predominated, raw 

Source: US. International Trade Commission 7 steel production may be as low as 70 mil- 

lion tons. 
| One econometric model of steel pro- 

TABLE 13 duction based on the actual production 
of 1982-89 assumes a steady growth with 

U.S. IMPORTS OF PIG IRON, BY COUNTRY some shocks, such as a recession, as- 

(Short tons) sumed to occur in 1993-94. This model 
gives the following production numbers: 

—_ oro? rc, =| 1991, 94.3 million tons; 1992, 93.6; 1993 
Country 1985 1986 1987 1988 1989 ? ? ? > ? 

Brazil 130,762 143,154 118,736 496,916 341,933 “7 3 iP "4 ‘oes tT 1998 
Canada 166,291 112,607 209,898 145,366 132,935 

South Africa, Republic of 30,504 32,944 — — — | SSS 

Other 10,701 6,252 26,078 10,273 13,307 | BACKGROUND 
Total 338,258 294.957 354,712 652,555 488,175 | ©} © 

| Definition and Grades 

Steel is probably the most versatile 

The consumption of alloying elements | techniques. For instance, a major factor | material known, its strength and hardness 

in various steel types is shown in table 17. | in the production level in 1991 will be a | are proverbial. It can be cast into fairly 

Because many grades of various richness | possible steel strike at U.S. Steel Corp. | intricate shapes, but its greatest advan- 

exist in most materials under discussion | Strikes of up to 6-months duration oc- | tage is the ability to deform without 

(e.g., three grades of ferromanganese, and | curred there in the past, and the corpo- | damage, at least within certain limits. 

some alloying practices involve scrap, ox- | ration usually accounts for about 15% of | Hence, large castings, called ingots, can 

ides, and other materials), the reported | U.S. steel production. In 1992, labor con- | be rolled into numerous sections used for 

totals tend to understate the actual | tracts expire at Bethlehem, National, and | structures, machines, and so forth, or into 

demand. The consumption of silicoman- | Inland Steel, and a prolonged strike or | flat sheets and strips that can be formed 

ganese is definitely understated because | strikes could significantly affect the | into a multitude of products. They can 

several minimills did not reply to repeated | production level. also be drawn into wire, soft- or spring- 

inquiries by the Bureau of Mines, and The costs of new clean air legislation | quality. 
they are the main consumers of this alloy. | should be known by 1991 or 1992, and Steel is by definition an alloy of iron 

The sources of the alloying elements | these may have major impacts on steel- | with 0.02% to 1.7% carbon. Carbon is 

and the extent of imports are shown in | making policy in this country. If the | important because it is the chief con- 

tables 18 and 19. restrictions result in compliance expend- | troller of steel properties. Strength and 
itures that are higher than acceptable to | hardness are directly proportional to the 

| the industry, the “hot ends” of some mills | carbon content, as is heat treating, 

OUTLOOK will be closed, and the steel will be ob- | hardening by quenching from high tem- 

——aee ECC SS LS | tained from abroad in semifinished form. | perature and subsequent tempering, 
A major question is the VRA’s that ex- | toughening by reheating, or softening by 

Steel production in the United States | pire in 1992. If the VRA’s are retained, | annealing. 

is too strongly affected by non-recurring | not much change should occur in the The soft steels containing less than 

events with unpredictable outcomes | slow growth steel production pattern, as- | 0.05% carbon are used for enameling 

to be amenable to normal forecasting | suming that other factors, such as the | sheets, for good atmospheric corrosion 
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TABLE 14 , 

U.S. IMPORTS FOR CONSUMPTION OF MAJOR IRON AND STEEL PRODUCTS 

1987 1988 

Product Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

Steel mill products: 
| 

Ingots, blooms, billets, slabs, sheet bars 2,101,145 $468,889 2,576,935 $704,264 

Wire rods 1,471,949 501,989 1,499,307 $77,257 

Structural shapes, 3 inches and over 1,778,314 537,598 1,847,288 700,028 

Structural shapes, under 3 inches 140,469 56,708 132,538 60,656 

Sheet piling 109,705 42,712 112,067 46,186 

Plates | 1,676,588 857,523 2,003,838 771,543 

Rails and track accessories | 227,869 66,454 268,699 . 84,166 

Wheels and axles | 18,120 13,433 50,734 | 34,894 

Concrete reinforcing bars 351,632 87,143 357,253 93,494 

Bars, carbon, hot-rolled . 441,858 148,977 475,547 141,729 

Bars, alloy, hot-rolled 176,968 100,350 207,844 122,480 

Bars, cold-finished 222,639 182,735 251,894 211,392 

Hollow drill steel 2,050 2,383 2,038 2,376 

Welded pipe and tubing 1,758,349 729,688 1,787,400 904,281 

Other pipe and tubing 969,191 559,035 1,414,584 375,695 

Wire 607,185 393,244 542,098 435,655 

Wire nails 440,746 257,209 6,061 8,221 

Wire fencing, galvanized | 21,358 17,688 24,454 19,391 | 

Blackplate 159,779 72,050 145,166 73,850 

Tinplate and terneplate 363,524 193,110 329,743 185,259 

Sheets, hot-rolled | 2,134,221 666,220 2,211,961 820,016 

Sheets, cold-rolled 2,329,020 1,102,208 2,185,632 1,208,855 

Sheets, coated (including galvanized) 2,577,799 1,297,140 2,147,148 1,178,429 

Strip, carbon, hot-rolled 18,130 9,341 49,554 20,688 

Strip, carbon, cold-rolled 102,028 82,980 5,572 9,309 

Strip, alloy, hot- or cold-rolled (including stainless) 28,083 50,821 271,479 74,156 

Plates, sheets, strip, electrolytically coated (other than with tin, lead, or zinc) 122,097 69,538 111,878 68,006 

Total! 20,350,816 8,567,164 20,774,712 8,932,276 

Other steel products: a oO 
Plates, sheets, strip, fabricated 84,076 40,705 139,732 74,007 

Structural shapes, fabricated 214,208 162,846 162,798 126,909 

Pipe fitting 67,948 133,544 115,703 203,896 

Rigid conduit 4,910 3,399 4,021 4,394 

Bale ties made from strip 437 384 271 178 
Nails, brads spikes, staples, tacks, not of wire 53,861 95,393 42,089 58,653 

Bolts, nuts, rivets, washers, etc. 565,651 682,007 718,543 1,082,123 

Forgings 28,983 25,720 36,817 35,744 

Total! | 1,020,073 1,143,999 1,219,974 1,585,904 

Iron products: Oo a OO SO 

Cast-iron pipes, tubes, fittings 60,220 59,606 68,931 74,124 

Iron castings 103,173 102,062 246,794 207,388 

Total! 163,393 161,668 315,725 281,512 

Grand total! 21,534,282 ~ 9.872,830 22,310,411 ~ 10,799,692 
‘Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census; product grouping based on US. Tariff Schedules. 

NOTE.—For 1989 data, see table 15. 

586 IRON AND STEEL MINERALS YEARBOOK— 1989



OO 

| | TABLE 15 resistance, and for electrical machines. 

U.S. IMPORTS OF MAJOR IRON AND STEEL PRODUCTS, 1989! Many are deep drawn, as into automo- 
tive bodies. Most stainless steels are low 

(Thousand short tons and thousand dollars) carbon. 

The range of steels containing from 

Quantity Value | 0.05% to about 0.15% carbon is mainly 

Steel mill products: | utilized for sheet and strip, where softness 

Semifinished sections | a 2,198 600,054 | Must ensure good formability; for exam- 
SO ple, a deep drawing steel used in flat 

_Wirerods 1,108 425,412 | products. Also, some alloy steels are made 

Structural shapes 1,509 579,456 | in this carbon range. 

Steel piling 86 30,000 A carbon range from about 0.15% to 

| Plates, cut lengths 938 365,820 | 0.33% represents mainly structural steel 

Plates, in coils a 500 190,000 | for structures such as houses, bridges, and 

Rails and track accesories Ss—(“‘“‘sS!t*;*;*;*~*” 157 54,950 pipelines. Bars and plates are examples. 

“hes behold SSC*é<“‘“‘~C 76 331.248 Alloy grades exist. 
oo From 0.34% to about 0.65% carbon, 

__Bars, concrete reinforcing 234 61,074 | the steels are mainly rolled or forged into 

Bars, cold-finished 189 158,382 | parts where high strength is the major re- 

Tool steel | 91 106,015 | quirement. Springs and plates are com- 

~ Standard pipe 806 407,836 | mon in this range. Alloying elements are 

Olcounry eoods Ss (‘Sé:;~*sts*s*s*~*~™” country goods | 442 266,526 often used for critical requirements. 

| “line pipe =SCOC=<“C~S=‘“‘<CSttSS 597 318.835 Many products are heat treated. . 

a Above 0.65% carbon, the steel be- 

_Pipe, other 10 5,540 | comes too hard, hence, too brittle for 

Pipe and tubing-stainless 37 35,150 | most uses. Some blades of agricultural im- 

Tubing, other 563 329,355 | plements, shafts, and tools not subject to 

Wire | 494 297,388 | Shock loads are produced with up to 

Blackplate 145 74,820 | about 1.0% carbon. 
“Timpate 337 138.720 Steels containing more than 1.0% Car- 

INN bon are seldom if ever used. Equivalent 

_Tinfree coated 115 59,225 | strength level can be obtained by alloy- 

Sheets, hot-rolled 1,898 723,138 | ing and/or heat treatment without severe 

Sheets, cold-rolled 1,877 878,644 | embrittlement. Special tool steels may 

Sheets and strip, hot galvanized 1,297 702,260 | have a higher carbon content. 

Sheets, electrogalvanized 328 "194,504 Manganese is present in all steels. 

“Sheets, coated SOt=<“i=‘s‘<;72C;OCOS”*W coated 736 142,544 Although some manganese comes from 

Sheets electrical ~=SC=<C~Ci‘<CSstCSt 95 59.107 the raw materials used—iron ore and 

ee | scrap—more is usually added to liquid 

_ Strip, hotrolled Mil 46,398 | steel. It is required to combat the sharp- 

Strip, cold-rolled 140 65,380 | ly embrittling effect of sulfur. 

Total steel mill products _ 17,333 7,590,841 Sulfur is a common impurity, detri- 

Fabricated steel products: mental to steel properties except in 

Structural shapes 185 144,115 | resulfurized free-machining grades. Man- 

—Wieroe rope 117 156,780 | Samese acts as a strengthener and a weak 

“Waeswand 196 573.204 hardener; but, because it does not impart 

OO brittleness to the steel, the steel retains 

_Wire springs 239 287,995 | its ductility. Therefore, manganese is 

_Nailsandstaples 391 545,054 | often described as a promoter of 

Industrial fasteners 752 1,131,760 | toughness. 

Pipe and tube 125 95,250 Most steels contain from 0.30% to 

All other fabricated products 373 250,150 | 0.90% manganese. From 0.90% to 1.6% 

Total fabricated steel products 2,378 2,884,328 | Manganese is used to increase the 
TS — ———— | strength and hardness of steels while re- 

___ Total all steel products 19,71 10,475,169 | taining their toughness and, in steels with 

Iron products; deliberate addition of sulfur (resulfurized 

Tubes, pipes, and fittings 65 26,650 | grades), to minimize the resulting brittle- 

Castings 199 147,260 | ness (“shortness”) both when red hot and 

Total iron products 264 173,910 | cold. | 

CKaimaedt(‘éS~SCS*~*# OO Many steels contain other alloying ele- 

\Product gouping based on U.S. Harmonized Tariff System. ments in addition to carbon. The purpose 
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TABLE 16 | thereby allowing fast machining. In 
| U.S. IMPORTS OF STAINLESS STEEL! decreasing order of importance, these 

always have tungsten, molybdenum, 
(Short tons) chromium, and vanadium in their com- 

position, and, in the highest grades, there a 
Product 1986 1987 1988 1989 | 18 also cobalt. 

er rer e ry Semifinished , 17,623 56,723 62,407 62,121 More than 80% of steel production iS 
Pate. 16.415 Hay 15.848 17.414 | Plain (unalloyed) carbon steels. A major oe , , , part of these are the lower carbon grades, Sheet and strip - 151,571 129,294 118,584 141,008 | up to 0.10% carbon, causing another 
Bars and shapes 37,889 37,991 40,726 43,417 | complication; in lower carbon ranges (up 
Wire and wire rods 36,038 37,394 39,861 43,016 | to 0.20% carbon), ingot steels of nomi- 
Pipe and tube 33,274 26,446 36,752 37,257 | nally ee cal compostion Sa be made 

a an OTN oo ace a 17e “244932 | IN Several types—as unkilled (rimmed or Total 292,810 298,965 314,178 344,233 . eae . EEE OD SI TTB (348,233 mechanically capped), semikilled, or killed lll numbers are included in tables ‘i4 and 15. (deoxidized) steels The properties of these 

Source: International Trade Commission. | steels differ drastically as do the costs of 
| their production. | 

TABLE 17 The importance of differentiation be- 
APPROXIMATE CONSUMPTION OF METALS rween Stee Wes * however, or creasing 

IN THE PRODUCTION OF STEEL AND IRON, 1988! ecause OF the wide adoption of the con- a tinuous casting method of solidifying li- 
(Short tons) quid steel. This method is applicable to 

: | one type only, namely killed steels. 
Steel Nevertheless, because about 35% of the 

Metal Carbon Stainless Alloy Tool Other Cast iron US. output was still made USINE the o Id Cobalt ggg method of pouring in 1989, it is desira- 
wopat WD ble to describe the properties of the steel Ferroboron 503 26 313 W — —_ | types. ce 
Ferrochromium 8,913 400,432 51,326 4,338 — 7,957 Rimmed or capped steels are charac- 
Ferrocolumbium? 1,538 700 «1,426 WwW 22 —_ | terized by a smooth, good surface that 
Ferromanganese 354,264 18,874 80,260 402 977 12,142 _| Persists throughout processing and results Ferrophosphorus.—=*=<~*é‘S ABB=~C*~“‘(‘N“(#CS“‘<&NCO+«dL«RBSSSCSCt in a product that easily takes almost any 
eee MA pace finish. However, the mechanical Ferrosilicon 65,006 81,371 _-72,062_——-2,483 135 __ 232,819 _ | properties are rather low and not very 

Ferrotitanium? 967 3,023 274 W 6 W_ | uniform. Hence, although this type form- oN OW 
Ferrotungsten? _— 100 105 436 — _..— | erly was extensively produced for gal- 
Lead (shot) ©1,400 — e80 _ = _ | Vanizing, tinplating, painting, etc., it vee Molybdenum: 1341 3,128 3,856 W _ 648 could not be used for stressed parts or be 
Nickel en gig eng | Subjected to strong deformation, such as Nickel — 50,219 7,522 W — 1,225 deep drawing EN 
Siliconmanganese* 85,585 5,306 24,026 W 429 1,642 Killed steels have uniform and reliable 
a 

re e e ° e Vanadium? 2,864 45 978 530 ~— — | mechanical properties; this fact results in 
“Estimated. W Withheld to avoid disclosing company proprietary data. such steels always being selected, for eX- 
All grades of the respective alloy combined; molybdenum, vandium, nickel, cobalt, and lead shot shown as contained metal weights of ample, by a machine designer or builder 
all used forms combined. . 
Consumption for High Strength, Low Alloy steels included in carbon steels. of heavil y stressed structures. The surface 
3Including respective metal powders, oxides, and other forms converted to the ferroalloy. quality is not as good as that of the 
*Underreported because of low response from minimills. rimmed grades but generally acceptable; 
Note.—The steel production in 1988 was 99.99 metric tons, but presenting average alloy input per steel ton is technologically meaningless it can be improved by careful stee] con- 
because of the large number of steel compositions. ; oie . . . 
Also, an estimated 30,000 tons of aluminum, mostly secondary, was used, most of it sacrificially for deoxidation, but some also for alloying; ditioning. The Dp roduction cost as ingots 
an estimated 15,000 tons of magnesium powder was used sacrificially for hot metal desulfurization and approximately 2,000 tons in the | 1S fairly high. 

production of nodular cast iron. An intermediate type, semikilled steel, 
Also, small amounts, under 500 tons, of bismuth, tellurium, and selenium were consumed in the production of free-cutting (free-machining) falls between the two main classes: it has 
steels, approximately 5,000 tons of sulfur and less than 800 tons of calcium. . . > a good and fairly uniform, but not out- 

| standing, mechanical properties and a 
of alloying steels is to obtain specific High alloy steels, customarily regarded | surface good enough for unexposed ap- 
properties or strengthen the steel to ob- | as those containing more than 5% of ele- | plications. It was the main type used for 
tain weight savings for some particular | ments other than iron, include stainless | bars and plates and structural sections, 
design that otherwise would require a | steels based on chromium (12% to 30%) especially for structures that are not 
much heavier section of plain carbon | and high-speed tool steels, which retain critically stressed. The production cost is 
steels. their cutting edge at dull red heat, | low. 
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TABLE 18 These trends culminated in the de- 

COUNTRIES OF ORIGIN OF ALLOYING METALS velopment of a new family of High- 
Strength Low-Alloy steels, based mainly 

| on manganese with either columbium 
Metal Principal producing countries (niobium in Europe) or vanadium or 

Boron Japan,! United States , both, often with molybdenum and other 
Chromium Brazil, Finland, Greece, India, Republic of South Africa, Turkey, Zimbabwe elements. 

Cobalt Canada, Zaire | The push toward the development of 
Columbium Brazil, Canada the new, higher strength products, hence 
———_______________—______ | lower weight for equivalent mechanical 
Manganese Australia, Brazil, Canada,’ France," Germany,’ Mexico, Norway, Republic rf . : . ; i performance, was given by two indus- 

of South Africa, United States er . . . 
Or rrerriv— or | tries: line pipe, which had to be light but 

Molybdenum Chile, United States CCCCCC“‘(CCCNl Strong, for constructional purposes, and 
Nickel Canada, Colombia, Finland, Greece, New Caledonia automobiles. The clean air acts required 

Phosphorus United States | greater fuel economy. Thus, if the per- 

Silicon Brazil, Canada, Iceland, Republic of South Africa, Venezuela formance were not to suffer, automobiles 

Titanium Australia, Belgium, United States,! USSR. had to become lighter. Hence, the need 
T ten Australia, Bolivia, China, Peru, Portugal, Thailand for strong yet lightweight steel. dungsten Auta, bOlivia, Lnina, Peru, Portugal, *hatame The following sums up the growth and 
Vanadium Republic of South Africa, United States! decay of steelmaking processes in North 

From imported ores or concentrates. | America. 

Crucible.-—The only process known 

| before Bessemer; very slow, very small 

TABLE 19 Technology scale, erratic product quality. 
IMPORTS OF FERROALLOYS, 1988 Before World War I, the stress was on , : 

“country building” goods: rails, structur- | Bessemer.—Origin unknown, this 
(Short tons) al sections, and plates. After the 1920’s, | Process developed because of the possi- 

the demand for “population comfort” ble realization that steelmaking 1S. an OX- 

Allov' Gross | items, essentially formable “flat products” | idation process contrary to the relatively 
Oy weight | (sheet and strip), became increasingly | well-known blast furnace production of 

Ferrochromium 475,909 | important. iron. Growth was caused by rapidly ex- 

Fenonickel St 4.577 | OF Steel and raw materials conservation; structural steels, known as “heavy prod- 
———_—er __________—“""“ | for instance, the substitution of molyb- | ucts,” plus the availability of low-sulfur 

Ferrosilicon _ 230,897 | denum, freely available in the United | and phosphorus ores. The production rate 
Other alloys 10,299 | States, for the imported tungsten in tool | reached 40 tons per hour. Decay was due 

1 All grades of the respective alloy combined. : steels. to the inability to remelt mill return scrap 

TABLE 20 : 

PIG IRON! AND DIRECT REDUCED IRON:2 WORLD PRODUCTION, BY COUNTRY? 

(Thousand short tons) 

Country* 1985 1986 1987 1988P 1989¢ 

Algeria‘® | 1,210 1,210 1,210 1,210 1,210 

Argentina: 

Pig iron 1,444 r1,791 1,931 1,759 2,320 

Direct reduced iron r1,090 r1,031 1,139 1,176 1,280 

Australia 6,181 6,492 6,139 6,316 6,720 

Austria 4,083 3,692 3,804 4,040 4,200 

Belgium 9,617 8,876 9,087 10,083 9,900 

Brazil: 

Pig iron 120,597 22,107 23,487 25,757 26,610 

Direct reduced iron 314 325 223 215 260 

Bulgaria 1,876 1,760 1,821 ~©15800 1,800 

See footnotes at end of table. 
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TABLE 20—Continued 

PIG IRON! AND DIRECT REDUCED IRON:? WORLD PRODUCTION, BY COUNTRY? 

| (Thousand short tons) | 

| Country 1985 1986 1987 1988? 1989° 
Burma: | 

Pig iron oe | — 3 _ — — 
Direct reduced iron 33 33 22 22 22 

Canada: : 

| Pig iron | 10,654 10,195 10,713 10,470 11,560 
. Direct reduced iron | 820 760 801 849 780 

Chile 639 651 680 855 9748 
China® — 48,100 55,300 59,400 62,200 63,700 
Colombia 258 349 359 341 330 
Czechoslovakia | 10,540 10,552 10,789 °10,800 10,800 
Egypt: 

Pig iron 175 ©220 °220—its 146 140 
Direct reduced iron — 33 520 771 760 

Finland | | 2,084 2,190 2,274 2,396 2,500 
France 17,004 15,412 16,305 16,314 °16,625 
German Democratic Republic® | 2,842 3,018 3,037 3,071 3,000 

Germany, Federal Republic of: 

Pig iron } 34,757 31,987 31,435 35,773 536,130 
Direct reduced iron 110 187 220 300 390 

Greece® . 154 180 180 180 180 
Hungary | 2,309 2,264 2,323 2,307 2,200 
India: | | 

Pig iron — 10,841 11,584 12,007 ©1 1,000 12,100 
Direct reduced iron 100 187 209 209 440 

Indonesia: Direct reduced iron 1,101 1,460 1,013 1,080 91,391 
Iran:° 7 | 

Pig iron 276 276 276 276 276 
Direct reduced iron — — — — 44 

Iraq: Direct reduced iron — — — 22 220 

Italy : : 13,297 13,135 12,495 12,510 912,941 
Japan 88,812 82,289 80,929 87,408 988,401 | 

| Korea, North® 6,400 6,400 6,400 7,200 7,200 
| Korea, Republic of 9,737 9,940 12,188 13,865 15,400 

Libya: Direct reduced iron — — — — 100 

Luxembourg® 3,036 2,921 2,541 2,779 2,960 
Malaysia: Direct reduced iron 570 640 651 500 628 
Mexico: 

Pig iron 3,963 4.119 4.092 4.054 3,580 
| Direct reduced iron 1,653 1565 1,710 1,858 2,450 

Morocco® 17 17 17 17 17 
Netherlands 5,312 5,101 6,035 5,508 95,708 
New Zealand: 

_ Pig iron 190 220 220 220 220 
Direct reduced iron 190 90 — ~ _— 

See footnotes at end of table. 
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| TABLE 20—Continued 

PIG IRON! AND DIRECT REDUCED IRON:? WORLD PRODUCTION, BY COUNTRY? 
(Thousand short tons) 

Country* 7 1985 1986 1987 1988P 1989° 

Nigeria: Direct reduced iron 243 121 154 160 160 

Norway , | 657 617 408 405 300 

Pakistan 885 983 998 1,028 : 1,100 

Paraguay ) — — 37 89 — 100 

Peru: 

Pig iron F180 1238 204 183 250 

Direct reduced iron 49 61 56 54 55 

Poland 10,810 11,626 11,548 11,314 11,600 

Portugal 7 | 466 473 480 491 416 

Qatar: Direct reduced iron 549 548 520 488 595 

Romania 10,154 10,283 9,560 “9,400 9,100 

Saudi Arabia: Direct reduced iron 1,100 1,290 1,450 1,080 1,330 

South Africa, Republic of: | 
Pig iron’ 97,247 7,500 7,400 7,200 7,100 

Direct reduced iron 460 870 930 730 730 | 

Spain 6,015 5,291 5,353 5,114 56,307 

Sweden | | 2,811 2,897 2,666 2,749 2,910 

Switzerland | 73 87 °77 “77 77 

Taiwan : 3,780 “4,100 r €4,300 6,256 6,600 

Trinidad and Tobago: Direct reduced iron 1226 1229 324 659 9675 

Tunisia® 165 165 165 165 165 

Turkey 3,520 4,041 4,892 5,419 °4,458 

USSR: 

Pig iron® : 120,600 124,800 124,850 125,700. 125,700 

Direct reduced iron 460 830 1,390 1,764 1,870 

United Kingdom 11,443 10,676 13,246 14,392 13,900 

United States: 

Pig iron 49,963 43,951 48,337 55,745 955,873 

Direct reduced iron 154 176 231 320 320 

Venezuela: 

Pig iron 486 ‘541 521 534 5539 

Direct reduced iron 2,910 3,240 3,473 2,983 3,060 

Yugoslavia 3,439 3,376 3,160 3,214 93,196 

Zimbabwe* 743 710 634 660 9573 

_ Grand total 561,974 560,282 576,466 606,030 617,300 

Of which: a a a oO a 

Pig iron £549,842 $46,606 561,230 592,790 599,740 

Direct reduced iron 12,132 13,676 15,236 15,240 17,560 

“Estimated. Preliminary. ‘Revised. 
ICrude cast-iron from the blast furnace or cupola furnace. 

2Direct reduced iron is obtained from ore by reduction of oxides to metal without melting. World direct reduced iron capacity is 27,680,000 short tons. 

3Table excludes ferroalloy production except where otherwise noted. Table includes data available through June 20, 1990. 

‘In addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and may have produced limited quantities during 1985-89, but output is not reported and available information is 

inadequate to make reliable estimates of output levels. Production is pig iron unless otherwise specified. 

Reported figure. 

Includes blast furnace ferroalloys. 
™Presumably from blast furnaces only. Although Iran has direct reduction iron plants attaining a reported 365,000 short tons per year capacity, no production data are available. 
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TABLE 21 

| | RAW STEEL:! WORLD PRODUCTION, BY COUNTRY2 

(Thousand short tons) 

Country? | 1985 1986 1987 1988? 1989P 

Algeria® } 41559 1,540 1,540 1,540 1,540 
Angola® 7 11 1] 11 11 11 

Argentina 3,243 3,566 4,005 3,993 4,249 

Australia | 7,251 7,389 6,756 7,054 °7,300 

Austria 5,137 4,731 4,741 5,027 5,200 

Bangladesh° 111 106 90 89 °88 

| Belgium 11,776 10,770 10,788 12,370 12,068 

Brazil | 22,549 23,406 24,505 27,046 27,578 

Bulgaria 3,245 ——- 3,268 3,357 3,310 3,196 

Canada : 16,094 15,543 16,204 16,387 17,040 

Chile | : 759 778 800 991 896 

China® 51,500 57,400 61,700 65,000 67,500 

Colombia 584 697 759 831 778 

Cuba _ 442 454 443 354 ©390 
Czechoslovakia 16,574 16,658 19,927 16,886 17,047 

Denmark 582 697 668 717 689 

Dominican Republic : 66 110 97 83 61 

Ecuador 20 19 28 26 26 

Egypt | 1,047 1,102 1,764 1,874 *1,870 

EI Salvador 13 10 14 12 17 
Finland 2,776 2,850 2,942 3,084 3,100 

France 20,759 19,427 19,540 20,947 21,259 

German Democratic Republic 8,656 8,782 9,086 8,963 ©8600 

Germany, Federal Republic of 44,640 40,933 39,957 45,220 45,197 

Greece 1,086 1,112 1,001 1,047 1,055 

Guatemala 11 19 23 25 25 

Honduras° 21 8 8 8 8 

Hong Kong* 130 130 130 130 130 

Hungary 4.019 4,095 3,991 3,950 ©3,600 

India® 12,185 12,596 14,201 15,773 15,905 

Indonesia 1,323 1,653 1,653 2,260 2,200 

Iran® 990 990 990 990 990 

Ireland 224 229 243 299 357 

Israel 110 121 128 *130 130 

Italy "26,343 125,224 25,197 26,191 27,746 

Jamaica 13 12 21 28 28 

Japan 116,050 108,330 108,592 116,493 118,949 

Jordan® 150 150 "260 419 4715 

Kenya* (1 (") (7 () — 

Korea, North*® 7,200 7,200 7,200 8,800 8,800 

Korea, Republic of 14,924 16,043 18,499 21,073 24,000 

Luxembourg 4,349 4,084 3,639 4,033 4,102 

Malaysia‘® 610 830 4827 600 600 

Mexico 8,156 "7,964 8,424 8,575 8,730 

See footnotes at end of table. 
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| TABLE 21—Continued : | 

RAW STEEL:! WORLD PRODUCTION, BY COUNTRY? | 
(T housand short tons) | 

Country? , 1985 1986 1987 1988P 1989P 

Morocco*® 7 7 7 | 8 8 

Netherlands 6,081 5,824 5,602 6,083 6,250 

New Zealand 250 321 347 593 °550 

Nigeria | 280 | 220 | 203 212 *200 

Norway | 1,056 922 923 1,000 707 

Pakistan® | 770 880 1,000 1,100 1,100 

Paraguay | a — — 15 | 69 60 

Peru 438 537 553 530 442 

Philippines® 4976 276 280 4365 330 

Poland 17,776 18,898 18,902 18,599 ©18,740 

Portugal | | 733 780 807 894 — ~816 

Qatar 588 559 =—tiséCS'D. 581 580 

Romania 15,206 15,737 15,306 ©15,400 15,890 

Saudi Arabia® 41,219 1,200 41,505 1,545 1,600 

Singapore® 390 390 390 4468 470 

South Africa, Republic of 9,460 9,700 9,259 9,700 "9,800 |. 

Spain 15,691 13,201 12,887 12,880 13,982 

Sweden 5,305 5,192 5,065 5,268 ©5,200 

Switzerland 1,088 1,185 959 909 1,010 

Syria® 76 716 77 77 | 71 

Taiwan 5,871 6,260 6,558 8,997 “9,040 

Thailand 493 510 589 608 759 

| Trinidad and Tobago 190 359 398 399 324 

Tunisia® 4187 4200 200 200 200 

Turkey 5,469 5,432 7,765 8,799 8,658 

U.S.S.R. 170,492 176,976 178,450 179,717 £175,000 | 

United Kingdom 17,331 16,326 19,208 20,958 20,738 

United States 88,259 81,606 89,151 99,924 497,943 

Uruguay 43 44 33 . 32 43 

Venezuela® 3,710 3,822 4,102 4,052 3.737 

Vietnam® 120 120 120 125 130 

Yugoslavia 4,938 4,981 4,814 4,946 4,960 

Zimbabwe* 510 540 4570 41664 650 

Total 791,591 784,118 808,336 857,941 863,064 

“Estimated. PPreliminary. ‘Revised. 
ISteel formed in first solid state after melting, suitable for further processing or sale; for some countries, includes material reported as “liquid steel,” presumably measured in the molten state prior to cooling 

in any specific form. 

2Table includes data available through June 20, 1990. 
3In addition to the countries listed, Burma, Ghana, Libya, and Mozambique are known to have steelmaking plants, but available information is inadequate to make reliable estimates of output levels. 

4Reported figure. 

Data are for year ending June 30 of that stated. 

®Includes steel castings. 

TRevised to zero. 
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and customer scrap, to refine phosphorus | Decay was slowed down by extensive use | but requires hot metal from blast fur- 
and sulfur, and to produce alloy steels. | of oxygen and natural gas, but accelerated | naces. The basic oxygen process will 
The basic Bessemer process developed in | by stringent air pollution controls. Only | continue to be used. Flowsheets illus- 
Europe could not be utilized in the | about 3% to 5% of US. production | trating these different ironmaking and 
United States because it required high- | comes from old open hearths. steelmaking practices are shown in figures | 
phosphorus iron (more than 1.5% phos-| Electric Arc.—Originated because of | | through 4. 
phorus) ha poosphorus being the main | the availability of cheap power and the 
internal rue . ucn ores do not occur IN | need for making high-alloy steels. The 

North America. process is economical in a large range of OTHER SOURCES OF INFORMATION 

Open Hearth.—Developed from the | furnace sizes (5 to 300 tons, per heat). Its | american Iron and Steel Institute. need to remelt scrap as well as use iron | independence of iron supplies, ease of | py. Making, Shaping, and Treating of Steel 
from the blast furnaces and to produce | startup and shutdown (for weekends in F Production M tall 
low-alloy to medium-alloy steels (up to | foundries), good reproducibility (leading | (“110US FToSuChon Metallurgy. 
about 5% alloying elements). The proc- | to ease of computerized control), and ease Steel—Upheaval in a Basic Industry. .. ess’ moderate ability to refine sulfur and of synchronization with a continuous The US. Steel Industry in Recurrent Crisis. 

phosphorus out of raw materials later | Caster have promoted growth. About | Economic History of the Iron and Steel 
developed the basic lined version of the | 35% to 40% of U.S. production comes | Industry in the United States. 
process. Because of the high capital and | from arc furnaces. Steel in the United States: Restructuring 
operating cost and low productivity in Basic Oxygen.—Originated from the | to Compete. 
comparison with the basic oxygen process | unavailability of scrap in the country of its | World Steel in the 1980’s: A Case of Survival. 
and the difficulty of intermittent opera- | origin (Austria). It has high productivity | Directory of Iron and Steel Plants. 
tion, open hearth process began to decline. | and low capital cost of new installations, | Iron and Steel Works of the World. 
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FIGURE 1 

TYPICAL MINIMILL PRACTICE (FOR SHAPE PRODUCTS) __ 
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FIGURE 2 
PRODUCTION OF IRON (“HOT METAL”) IN AN INTEGRATED STEEL MILL 

PREPARED ) | 
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FIGURE 3 

OXYGEN STEELMAKING AND HOT ROLLING IN AN INTEGRATED STEEL MILL 
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A few basic oxygen furnace shops produce Shape Products (j.e., blooms or billets are cast). 
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| FIGURE 4 

COLD ROLLING AND COATING FLAT PRODUCTS 
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| By Raymond EF. Brown 

Mr. Brown, a physical scientist with 34 years of industry and Bureau of Mines experience, has. been the commodity specialist 

for iron and steel scrap since 1986. Domestic survey data were prepared by Sarah P. Guerrino and Shirley M. Miller, Ferrous Data 

Section. International data tables were prepared by William L. Zajac, International Data Section. Tables 9 and 17 were prepared 

by the author. | 

DOMESTIC DATA stone to which aeurvey request was sent, | LEGISLATION AND 
COVERAGE 57% responded, representing an esti- GOVERNMENT PROGRAMS 

mated 70% of the total consumption 

Brokers, dealers, and other outside | shown in table 2 for three types of scrap In 1989, the United States generated 

sources supplied domestic consumers in | consumers. Consumption for the nonre- | about 160 million tons of municipal 

- 1989 with 43.6 million short tons! of all | spondents was estimated using prior re- | solid waste (MSW). About 9% of this 

types of ferrous scrap at a delivered value | ports adjusted by industry trends. An solid-waste stream was composed of 

of approximately $4.63 billion, while ex- | estimation error was also contained in | metals. A large percentage of the metal 

porting 12.3 million tons (excluding re- | the difference between the reported to- fraction in the waste stream consisted 

rolling material and ships, boats, and | tal consumption of purchased and | of ferrous components. A proposal by 

other vessels for scrapping) valued at | home scrap and the sum of scrap re- | the Environmental Protection Agency 

$1.75 billion. In 1988, domestic consum- | ceipts plus home scrap production, less | (EPA) to reduce air emission levels 

ers received 47.1 million tons at a deliv- | scrap shipments and adjustments for | from incinerators by at least 90% and 

ered value of approximately $5.06 bil- | stock changes. For scrap consumption | to improve the recycling marketplace 

lion; exports totaled 10.1 million tons | data shown in table 2, this difference | included a provision that would man- 

valued at $1.35 billion. This represented | amounted to 0.3% for manufacturers | date a 25% source separation before 

a 7% decrease for received quantities and | of pig iron and raw steel and castings, | incineration. The EPA’s overall agenda 

a 22% increase for exported quantities. | 2% for manufacturers of steel castings, | for action indicated that by 1992, the 

Domestic production data for ferrous | 5% for iron foundries and miscella- | MSW stream diverted by source reduc- 

scrap were developed by the Bureau of | neous users, and 1% average for all | tion and recycling would be increased 

Mines from voluntary monthly or annual | types of manufacturers combined. from 10% to 25%, landfilling would be 

decreased from 80% to 55%, and the 

| amount of MSW combusted in munic- 

TABLE 1 ipal waste combustors would be in- 
creased from 10% to 20%. This would 

SALIENT U.S. IRON AND STEEL SCRAP AND PIG IRON STATISTICS | pe the first time that the Federal Gov- : 

(Thousand short tons and thousand dollars) ernment has required recycling.” 
In accordance with section 3004 (g) 

3  ———— | (5) of the Resource Conservation and 

9851986 19GB Recovery Act (RCRA), the EPA was 
Stocks, Dec 31: . ws . 

TT proposing to prohibit the land disposal 

__Scrap at consumer plants 5,104 4,344 4,844 4,554 4,644 | of certain hazardous wastes listed in the 

Pig iron at consumer and U.S. Code of Federal Regulations (40 

__supplier plants 286 BRB OE) CER 268.12). One comment by the 

__Totah 9,370 4,532 3,125 4,761 4,948 | American Foundrymen’s Society Inc. 

Consumption: on the proposal was that the proposed 

Scrap 70,493 65,856 68,303 76,822 72,209 | treatment standards for D006 (cad- 

Pig iron 51,411 45,604 50,030 59,047 58,387 | mium) and D008 (lead) were based on 

Exports: wastes that were dissimilar to those 

Scrap (excludes rerolling generated by foundries and should not 

material and ship, boats, be applied to foundry wastes. 
and other vessels for 

scrapping) 9,950 11,704 10,367 10,098 12,290 he Dont wuthority “ een ee 

— Value $918,186 $1,053,849 $967,018 $1,351,955 $1,748,643 New Jersey and the New York State 

Imports for consumption: Legislative Commission on Solid Waste 

Scrap (includes tinplate and Management, the Port Authority con- 

__terneplatey 611 724 843 1,038 1,120 | ducted a study and published a report 

_Vaue «846,480 $49,073 $82,016 $133,577 $149,109 | on export markets for post-consumer 
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secondary materials. The study was | Florida Steel Corp.’s mill in Jackson, | plant testing period. RSC designed, 
also designed to determine material | TN, and the Nucor Corp. and Yamato | built, and operated the DRP located at 
composition and waste generation rates | Steel Co. joint venture in Blytheville, | Pigeon Point near Wilmington, DE. 
for these two States.* AR. IMS was one of only two domestic | From MSW, RSC recovered and mar- 

On July 25, 1989, the President an- | companies that operated facilities that | keted ferrous and nonferrous metals | . 
nounced a steel trade liberalization pro- | used a thermal treatment process to ; and glass at the DRP. This plant also 
gram, under which the Voluntary Re- | remove zinc from electric arc furnace | recovered a refuse derived fuel (RDF) | | 
straint Agreements (VRA’s) would be | dust. Horsehead Resource Develop- | that was fired at an adjacent energy- 
extended for 2% years, terminating on | ment Co., Palmerton, PA, was the | generating facility and produced hu- 
March 31, 1992. The President directed | other domestic company that per- | mus products suitable for many horti- 
the U.S. Trade Representative to nego- | formed thermal treatment of baghouse | cultural applications. MSW delivered 
tiate VRA’s at an overall restraint level | dust. Zinc recovered from baghouse | to the DRP was first shredded to a 
of 18.4%, which was the same as the | dust by the IMS process was in metallic | nominal 4-inch particle size. Shredded | _ 
1988 VRA import penetration level. form, whereas that recovered by the | waste was then air classified to remove | 

The U.S. Office of Technology Assess- | Horsehead process was in oxide form. | RDF. Following air classification, the | 
ment published a two-part report, in- | The EPA had given electric furnace remaining waste was then processed to 
cluding a summary, on MSW. The report | (EF) operators a deadline of August 8, | remove ferrous scrap through a series | _ 
examined the problems associated with | 1990, to treat EF dust to meet their | of magnetic separators. The recycled 
MSW, which included increasing genera- | standards. At that time, EF dust con- | ferrous scrap was then shipped loose 
tion, declining landfill capacity, opposi- | taining more than 15% zinc must be directly to Lukens Steel Co., Coates- 
tion to new management facilities, con- | processed via thermal treatment. ville, PA, through a broker, The David 
cerns about risks, and rising costs.” The American Metal Market, New | J. Joseph Company, Cincinnati, OH. 

The U.S. Department of Energy | York, NY, and Recycling Times, Wash- | The DRP recovered between 6,000 to 
(DOE) signed final agreements in No- ington, DC, began quoting prices on | 7,000 tons of ferrous scrap annually. 
vember for its part of a $40 million | clean used densified steel-bodied cans. | More than half of the ferrous fraction 
project to reduce sulfur dioxide emis- | Both of these publications provided | was comprised of steel cans. 
sions from coke oven gases at Bethle- | prices per gross ton for various primary Bayou Steel Corp., La Place, LA, 
hem Steel Corp.’s, Sparrows Point, buying locations. A study by the Steel | was accepting post-consumer ferrous 
MD, plant. DOE would contribute | Can Recycling Institute, Pittsburgh, | scrap for its minimill steelmaking proc- 
$13.5 million to the project, announced PA, revealed that steel food cans and | ess. Bayou used virtually 100% scrap in 
in July, as part of a $92 million over- | steel beverage cans were recycled at a | its two 65-ton electric arc furnaces, | 
haul of the Baltimore, MD, facility. rate of 15% in 1988. | which had a combined annual capacity 

AMG Resources Corp., Pittsburgh, | of 700,000 tons of raw steel. | 
——_____-¥—_____________ | PA, planned to open a steel can recy- Kobe Steel Ltd., Tokyo, Japan, in- 
AVAILABLE SUPPLY, cling facility in St. Paul, MN. The | vested an estimated $300 to $400 mil- 
CONSUMPTION, AND plant would recycle 40,000 tons of steel | lion in USX Corp.’s Lorain Works in 
STOCKS cans annually from a five county area. | Lorain, OH. The plant consumed sig- 
__§_____________ | Proler International, Houston, TX, | nificant quantities of scrap. Birming- 

had established a new satellite facility | ham Steel Corp., Birmingham, AL, 
Overall domestic demand for ferrous | in Kansas City, KS. The facility would | agreed to be bought out by a corpora- 

scrap by the iron and steel and the fer- | only serve as a collection point for | tion headed by one of its outside direc- 
rous castings industries, the major con- | post-consumer steel cans. The materi- tors for $525 million. Harbert Corp., 
sumers of this raw material, decreased | als collected at the Kansas City location | the purchaser, was a closely held Bir- 
about 6% in 1989 compared with that of | would be shipped by rail to Proler’s | mingham, AL, based company with | _ 
1988. Domestic demand for ferrous | plant in Houston, TX, for detinning. interests in other areas. Birmingham 
scrap by producers of pig iron and raw Raytheon Service Co. (RSC), Burl- | Steel, a fast growing minimill chain, 
steel was down by both a larger quantity | ington, MA, a wholly owned subsid- | operated six plants in six states with a 
and a larger percentage than that for lary of the Raytheon Co., Lexington, | combined annual capacity of nearly 1.5 
producers of ferrous castings. Because of MA, has been the full service contrac- | million tons. 
continued strong worldwide demand for | tor for the Delaware Solid-Waste Au- North Star Steel Co., Minneapolis, 
ferrous scrap in 1989, prices for most thority resource recovery facility since | MN, announced a tentative decision to 
grades remained high. | March 1, 1984. Results from Bureau of | discontinue operations at its Milton, PA, 

International Mill Service (IMS), | Mines pilot-plant tests of MSW from | plant. North Star had negotiated for 6 
Philadelphia, PA, started engineering approximately 1973 to 1981 were the | months with union officials after buying 
work for on-site electric furnace dust | basis for the design of two Raytheon | the former Milton Manufacturing Co. 
processing facilities at Atlantic Steel | commercial-scale reclamation plants. | minimill facility in February 1988. North 
Co., Atlanta, GA, and Lake Ontario | The Delaware Reclamation Plant | Star’s president was quoted as saying, 
Steel Co. (Lasco Steel), Whitby, On- (DRP) was one of these plants. An | “while the decision to close is not final, 
tario, Canada. IMS already operated | intensive cooperative effort was main- | without acceptance of our final proposal 
Tetronics plasma dust processing facil- | tained between the Bureau of Mines | to the union, we do not intend to con- 
ities at two other domestic minimills: | and Raytheon during the MSW pilot- | tinue operations at the Milton facility.” 
600 IRON AND STEEL SCRAP MINERALS YEARBOOK—1989



Razorback Steel Corp., Newport, | handling seven to eight million vehicles | million tons in 1988. The shares of raw 
AR, was sold for $20 million to a | each year. The Automotive Dismantlers | steel produced by electric, basic oxy- 
partnership formed by Sumitomo | and Recyclers Association (ADRA), | gen, and open-hearth furnaces were, 
Corp. of America (SCA). Razorback | Washington, DC, was supportive of | respectively, 36%, 60%, and 5% in 
was a small independent minimill oper- | legislation that promoted recycling to | 1989 and 37%, 58%, and 5% in 1988. 
ation that produced 200,000 tons per | protect the environment and conserve | Continuous cast steel production repre- 
year of steel in two 30-ton electric arc | natural resources.° sented 65% of total raw steel produc- 
furnaces. The purchasers included A symposium entitled “Steel Sur- | tion in 1989 compared with 61% in 

SCA and its parent company, Sumit- | vival Strategies IV” was held in New | 1988. Raw steel capacity utilization was 
omo Metal Industries Ltd. of Osaka, | York, NY, on June 27-28. Nearly 600 | 85% in 1989 and 89% in 1988. How- 
Japan; Yamato Kogyo Co. Ltd. of | people attended the forum that was | ever, raw steel production capability 
Himeji, Japan; and Auburn Steel Co. | cosponsored by American Metal Mar- | was 115.9 million tons in 1989 com- 

of Auburn, NY, owned by Kyoei Steel | ket and Paine Webber Inc.’s World | pared with 112.0 million tons in 1988. 
Ltd. of Osaka, Japan. The partnership | Steel Dynamics, both located in New Net shipments of all grades of steel 
was named Arkansas Steel Associates. | York, NY. | | mill products were 84.3 million tons in | 

Ford Motor Co., Dearborn, MI, an- Imports of metallurgical-grade coke | 1989 and 83.8 million tons in 1988. 

nounced it would sell its Rouge Steel | decreased about 14% in 1989 to 2.31 | Imports of steel mill products de- 
Co. subsidiary in Detroit, MI, to Mar- | million tons compared with that of | creased from 20.9 million tons in 1988 
ico Acquisition Co. Marico, composed | 1988. Metallurgical coke imports repre- | to 17.3 million tons in 1989. Exports of 
of a group of investors, was an organi- |. sented 7% of domestic apparent con- | steel mill products increased sharply 

zation formed specifically for the pur- | sumption in 1989 compared with 8% in | from 2.07 million tons in 1988 to 4.58 
chase. Rouge Steel, the Nation’s ninth | 1988. The United States continued as a | million tons in 1989. The apparent 
largest steel producer, had two 225-ton | net importer of metallurgical coke. Do- | supply of steel mill products decreased 
electric arc furnaces with a combined | mestic coal consumption in coke plants | from 102.7 million tons in 1988 to 97.0 

annual raw steelmaking capacity of | decreased slightly more than 1% in | million tons in 1989. Imports of steel. 
900,000 tons. 1989 to 41.4 million tons. However, | mill products, as a share of the U.S. 

Auto dismantlers continued to play a | domestic metallurgical coal exports in- | market, decreased from 20% in 1988 to 
vital role in the recycling chain as sup- | creased 5% in 1989 to 65.1 million tons | 18% in 1989. Steel mill processing 

pliers of auto parts and scrap. The | compared with those of 1988. yields increased from 84% in 1988 to 
dismantling industry was a major Raw steel production was 97.9 mil- | 86% in 1989. Pig iron production in- 
source of scrap in the United States, | lion tons in 1989 compared with 99.9 | creased slightly from 55.7 million tons 

FIGURE 1 

RAW STEEL PRODUCTION (AISI, FOR ALL TYPES OF MFR’S COMBINED: 
TOTAL IRON AND STEEL SCRAP CONSUMPTION, PIG IRON CONSUMPTION, 

HOME SCRAP PRODUCTION, AND NET SCRAP RECEIPTS 
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in 1988 to 55.9 million tons in 1989. $1,700 per gross ton in March. scrap in 1989 went to 30 countries and 
Iron castings shipments totaled 7.77 In 1989, the average price for total | consisted of 291,609 tons valued at 

million tons in 1989 compared with | ferrous scrap exports increased 6% to | $320,682,621 averaging $1,099.70 per 
9.59 million tons (revised) in 1988. | $142.42 per short ton compared with | ton. Six countries received 83% of the 

Steel castings shipments totaled 1.14 | that of 1988 while that of total imports | total quantity. The largest tonnages 
million tons in 1989 compared with | increased 3% to $133.19 per short ton. | went to Japan, 76,426 tons; the Repub- 

1.21 million tons (revised) in 1988. | | lic of Korea, 58,537 tons; Spain, 51,492 
Steel mills accounted for 72% of all | __.-—s = ———“‘ P.hhChCUCCCCCC#*YSsétonns; Cannan, 23,929 tons; thee Nether 

scrap received from brokers, dealers, | FOREIGN TRADE lands, 16,665 tons; and the Federal 

and other outside sources; steel found- | ———--—______ | Republic of Germany, 15,293 tons. The 
ries received 5%; and iron castings value of stainless scrap exports to these 
producers and miscellaneous users re- For 1989, the foreign trade tables | six countries was $275,874,190, 86% of 
ceived 23%. The apparent total domes- | were based on the Harmonized Tariff | the total value. 
tic consumption of ferrous scrap in | Schedule (HTS) that became effective U.S. exports of alloy steel scrap (ex- 
1989, in million tons, was composed of | January 1, 1989. HTS increased the | cluding stainless steel) in 1989 were 
45.9 net receipts (total receipts minus | number of classes for both exports and | shipped to 42 countries. The total com- 
shipments), 25.4 home scrap, and a | imports (see the Bureau of Mines | prised 562,921 tons valued at 
buildup of 0.1 stocks. The 1989 total | March 1989 Mineral Industry Surveys | $108,918,315, which averaged $193.49 
was 71.2 million tons; the apparent | on Iron and Steel Scrap for more | per ton. Six countries received 68% of 
total domestic consumption was 77.3 | details). Additionally, valuation contin- | the total quantity; the largest tonnages 
million tons in 1988. The total market | ued to be reported on a “f.a.s.”” basis | went to the Republic of Korea, 149,017 
for U.S. scrap (net receipts plus exports | for exports and on a “customs value” | tons; Canada, 72,487 tons; Taiwan, 
minus imports) was 57.3 million tons in | basis for imports. , 49,555 tons; Japan, 43,713 tons; Swe- 
1989 compared with 59.0 million tons The trade surplus in 1989 for all | den, 33,991 tons; and Saudi Arabia, 
in 1988. Stocks of ferrous scrap held by | classes of ferrous scrap (including re- | 33,120 tons. The value of alloy steel 
steel mills and ferrous foundries in- | rolling material and ships, boats, and | scrap. to these six countries was 
creased in 1989. other vessels for scrapping) reached a | $64,812,644, 60% of the total value. 

The percentage of scrap consumed in | record high of $1.63 billion in value Total U.S. imports for consumption 
the United States to produce a ton of | and 11.4 million tons in quantity. This | of iron and steel scrap were supplied by 
raw steel was about 60% in 1989. Of | was an increase of 28% in value and | 31 countries in 1989. They contained 
the steel scrap consumed by domestic | 20% in quantity compared with the | 11,889 tons of tinplate waste or scrap 

7 steel mills, about three-fourths was | 1988 surplus of $1.27 billion in value | valued at $1,902,585. 
purchased from sources outside the | and 9.43 million tons in quantity. The 
steel plant in 1989. balance of trade for all U.S. merchan- | 2 

| dise [exports (f.a.s.) less imports (cus- | WORLD REVIEW 

ot C*|sétomss value)] showed a deficit of 1090 —ATTNyWZNYNYWW___—— 
PRICES | billion in 1989, down from a deficit of |. 

TTT] $119 billion in 1988. World demand for iron and steel 
The quantity and value of both ex- | scrap increased slightly in 1989, but for 

Based on average composite deliv- | ports and imports reached record highs | the second consecutive year it reached a 
ered prices per long ton quoted weekly | in 1989. Both the quantity and value of | new alltime high. Demand for ferrous 
and monthly by the American Metal | exports in 1989 increased by a larger | scrap, on a percentage basis, was higher 
Market (AMM), No. 1 heavy melting | percentage than imports compared | in developing countries than in indus- 
steel scrap cost $107.30 in 1989, rang- | with that of 1988. trialized or western world countries. 
ing from a low of $96.67 in November Total U.S. exports of ferrous scrap (ex- | The largest increase in demand on a 
to a high of $116.07 in February. Based | cluding rerolling material; ships, boats, | percentage basis came from the Repub- 
on Iron Age data, No. 1 heavy melting | and other vessels for scrapping; stainless | lic of Korea. 
steel scrap cost $107.66 in 1989, rang- | steel; and alloy steel) in 1989 went to 54 The United States continued to be 
ing from $97.00 in December to | countries and totaled 11,435,701 tons | the leading exporting country of iron 
$116.08 in February. The average com- | valued at $1,319,041,944, which aver- | and steel scrap. France, the Federal 
posite price for No. 1 heavy melting | aged $115.34 per ton. Six countries re- | Republic of Germany, the U.S.S.R., 

steel scrap in 1989 was lower compared | ceived 77% of the total quantity. The | and the United Kingdom were also 
with that of 1988, by 2% based on | largest tonnages went to Turkey, | major exporters of ferrous scrap. 
AMM data and by 1% based on Iron | 3,225,272 tons; the Republic of Korea, The International Iron and Steel In- 
Age data. Continued strong demand, | 2,779,185 tons; India, 943,828 tons; | stitute (IISI) estimated that the world 

primarily from European consumers, | Canada, 936,626 tons; Mexico, 543,136 | steel industry achieved a 40% recycling 
propelled the price of nickel-bearing | tons; and Japan, 357,539 tons. The value | rate in 1989. The estimated 300 million 
stainless steel scrap to a record high in | of scrap exports to these six countries | tons of secondary raw materials con- 
1989. In the Pittsburgh, PA, area, | was $1,012,605,738; 77% of the total | sumed represented significant energy 

prices paid by consumers for the bell- | value. savings and reduction in steel mill emis- 
wether 18-8 grade peaked at $1,675 to Total U.S. exports of stainless steel | sions and in wastes sent to landfills. 
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The recycling rate for steel production | iron from ore without the use of coke | CMP held a symposium in Pittsburgh, 
was much higher than that for other | on a low  economy-of-scale basis | PA, in November on commercially 
basic engineering materials. | (500,000 tons per year), such as the | available processes and emerging tech- 

Metal Bulletin, United Kingdom, | Corex process and the iron carbide | nologies for treating electric arc fur- 
held its first international scrap and | process, would likely result in a signif- | nace dust. The meeting included a thor- 
secondary metals conference in Padua, | icant increase of “market-sized” flat- | ough review of laws and regulations. 
Italy, in September. Also, the planning | rolling steel mills throughout the | Additionally, CMP sponsored a shred- 
and building of direct reduction plants | world.® Industrial-scale production of | der residue planning meeting in At- 
continued in areas such as India and | the Corex process began at Iscor Ltd.’s | lanta, GA, in October. The purpose of 
Venezuela. | Pretoria Works in the Republic of | the meeting was to provide input to 

IISI published its third survey on | South Africa in 1989, and the world’s | CMP and the Institute of Scrap Recy- 
cokemaking capacity in the western | first commercial-scale iron carbide | cling Industries Inc., Washington, DC, 
world. The report included details-on | plant would likely be in production in | so that an industry-wide meeting could 
plant ownership, location, number of | the United States by midyear 1991. be arranged to present and discuss so- 
batteries and ovens, age profile and In September, General Motors Corp.’s | lutions and useful research and devel- 

_ | physical dimensions, and the various | Central Foundry Div., Defiance, OH, | opment programs for the auto shredder 
processes employed in the production | held a dedication ceremony for the first | residue (fluff) disposal problem. . 
of coke in 35 countries.’ plasma melter in the foundry industry. In September, Tokyo Steel Manufac- 

The total number of shredders in | To construct the plasma melter, General | turing Co. Ltd., Tokyo, Japan, began 
operation worldwide in 1989 was esti- | Motors, in conjunction with Westing- | operating what was believed to be the 
mated at 601 (see table 17). The United | house Electric Corp. and Modern Equip- | world’s largest direct current (DC) arc 
States was the world’s leading country | ment Co., modified an existing cupola | furnace at its Kyushu Works. Initial 
in the total number of shredders, | furnace and added six 1.5-megawatt di- | monthly production of the 130-metric- 
power, and tonnage capacity. Japan | rect current plasma torches to the tuyere | ton DC arc furnace was 75,000 to 
followed the United States in the total | sections to provide the needed heat | 80,000 metric tons, tapping up to 23 
number of shredders in operation. The | source.’ heats per day. 
total number of shredders in the Euro- Schott Incorporated, the coowner of | 
pean Community was about equal to | a proprietary hot metal technology, was a 
that in the United States. The most | using a recuperative hot blast cupola | QUTLOOK 
significant development was in the | for producing steelmaking quality mol- | ————————-—-—--____LL- 
United Kingdom where 57 existing | ten iron. Charge materials to the cupola | 
shredders would be augmented by an | consisted of carbon-bearing, iron oxide The total market for U.S. ferrous 
additional 3. Although not indicated in | agglomerates that were both self- | scrap is affected by many factors. For 
table 17, new shredders were reported | reducing and self-fluxing and charge | example, major factors that impact the 
also in Taiwan and Singapore. carbon that consisted of anthracite coal | demand for domestic scrap include the 

briquettes. This technology could be | quantities of domestic raw steel and 
aS} ssed by ironmaking facilities having | ferrous castings produced, the level of 
CURRENT RESEARCH annual capacities ranging from 100,000 | scrap exports, and Government laws 

x= «| tONS Per year to those with no upper | and regulations. To a lesser extent, 
limit on output. One concept under | other factors affecting the overall mar- 

Nucor Corp., Darlington, SC, began | consideration was combining (duplex- | ket for U.S. scrap include the produc- 
operating the world’s first thin-slab | ing) the molten iron with purchased | tion levels of U.S. industries that make 
caster for sheet steel production in June | ferrous scrap as a metallic charge to | ferroalloys, cement copper, and certain 
at its new minimill plant in Crawfords- | electric furnaces.!° chemicals; the use of scrap substitutes; 
ville, IN. Other companies had been = The American Iron and Steel Institute | technological changes in steel mills and 
planning to open new plants or modify | organized a forum to identify research | ferrous foundries; and the value of the 
existing mills to take advantage of this | opportunities. Direct steelmaking, near | U.S. dollar in relation to other world 
new technology. They included Co- | net shape casting, and intelligent process- | currencies. The health of the world’s 
Steel Inc., Toronto, Ontario, Canada; | ing were selected as the most important | steel mills and ferrous foundries is of 
Falck SpA, Sesto San Giovanni, Italy; | areas to address. the utmost importance to the domestic 
Avesta AB, Stockholm, Sweden; Yieh Carnegie Mellon’s Center for Mate- | scrap industry. The United States, the 
United Steel Corp., Kaohsiung, Tai- | rials Production (CMP), Pittsburgh, | world’s leading exporter of ferrous 
wan; and New Jersey Steel Corp., Say- | PA, was developing a cofunded project | scrap, relies heavily on exports as a 
reville, NJ. Additionally, Birmingham | to determine the cost effectiveness of | safety valve for the release of excess , 
Steel Corp., Birmingham, AL, had an- | the CONSTEEL process for the contin- | scrap when domestic demand slips. 
nounced earlier in the year that with | uous feeding, preheating, melting, and The outlook for the total market for 
the help of international partners, it | refining of steel scrap in the electric arc | U.S. ferrous scrap is expected to be one 
would build a ministrip mill. However, | furnace. The project, with Florida Steel | of continued growth despite a slight 
that decision was being reviewed at | Corp., Tampa, FL, and seven sponsors, | decrease in 1989 to about 57 million 
yearend. sought to develop an economic and | short tons. The total market for U.S. 

Development of processes to extract | energy analysis of the process.'’ Also, | scrap is forecast to range from 59 mil- 
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lion tons to 68 million tons by the year | excessive Government rules or restric- | _ “Schram, K. Automotive Recyclers Supporting Envi- 
1995, representing an average annual | tions on U.S. exports of scrap. ronmental Protection in 90’s. Recycling Today, v. 28, 

. No. 1, Jan. 1990, p. 46. 

growth rate ranging from 0.6% to | _ : 7 International Iron and Steel Institute (IIS). West . oo —_ i ron an nstitute . Western 

seep Sth ective It is probable that ' All quantities are in short tons unless otherwise | World Cokemaking Capacity. IISI, Brussels, Belgium, 
y the tota market for U.S. fer- specified. 7 1989, 67 pp. | 

rous scrap will be closer to the mid- 2 Federal Register. Environmental Protection Agency. | | ®Marcus, P. F. Impact of Crawfordsville. 33 Metal 

range of this forecast, reaching 64 mil- | Proposed Rules; Air Pollution. V. 54, No. 243, Dec. 20, | Producing, v. 27, No. 8, Aug. 1989, p. 7. 

lion tons, which represents an average 1989, pp. 52190-52304. ° Balcerek, T. GM Melts its Metal in Plasma. Amer- 

annual growth rate of 1.9%. This op- — 3. Environmental Protection Agency. Proposed | ican Metal Market, v. 97, No. 243, Dec. 15, 1989, pp. 4, 
timistic forecast is based predomi Rules; Land Disposal Restrictions for Third Scheduled | 10. — 

nantl bi : of r bl ~ | Wastes. V. 54, No. 224, Nov. 22, 1989, pp. 48372-48529. 'OSchott Incorporated. Preliminary Engineering 

antly on a com ination O avora € 4The Port Authority.of New York and New Jersey. | Study: Production of 240,000 TPY of Liquid Steel from 

factors affecting the market, which pri- | Export Markets for Post Consumer Secondary Materi- | an Electric Arc Furnace Shop Using Molten Iron and 
marily include continued world growth | als. The Port Authority of NY and NJ, v. 1 and 2, 1989, | Scrap. Schott Inc., Pittsburgh, PA, June 12, 1989, 24 

in the quantity of steel produced in | %7 PP. and 328 pp. - PP 
5 crap-b ased electric arc furnace Ss: an US. Congress, Office of Technology Assessment. | Center for Materials Production. CONSTEEL 

increase in the vercentage of steel that Facing America’s Trash: What Next for Municipal Sold Continuous Steel Scrap Preheating and Melting Process. 

{i | p g €i that | waste? GPO, Washington, DC. OTA-0-424 and 425, | CMP Newsletter, Pittsburgh, PA, v. 5, No. 4, Aug. 1989, 
is continuously cast; and an absence of | Oct. 1989, 377 pp. and 40 pp. p. 1. | 
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7 | TABLE 2 | | | 

| | U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, | 

AND STOCKS OF IRON AND STEEL SCRAP AND PIG IRON IN 1989, BY GRADE 

| (Thousand short tons) | | 

| | Receipts of scrap Production of home scrap | | — 

ircu- , nsumption 

© Bom rom ating” bso soap 
. ’ own- resulting , , and home of scrap Dec. 31 

| and orer company from an scrap from scrap (includes _ 
sources -—«~Plamts- «current = uitdings ete.) —«evitculating 

. : operations , scrap) 

| MANUFACTURERS OF PIG IRON AND RAW STEEL AND CASTINGS | 

Carbon steel: . | 

Low-phosphorus plate and | 
punchings — 369 19 27 54 443 . 19 ~ 60 - 

Cut structural and plate 1,249 614 460 — 2,300 35 136 

No.1 heavy melting steel 8,594  —636 6,680 173 14,514 401 878 

No. 2 heavy melting steel 3,257 145 910 2 4,392 13 305 

No. 1 and electric-furnace bundles 5,899 78 982 4 «66,111 760 550 

No. 2 and all other bundles 811 65 131 | — 986 44 _ 47 

_ Electric furnace, 1 foot and under 

(not bundles) 60 220 () (’) 278 — 11 

| Railroad rails 221 15 26 2 265 — 9 
Turnings and borings 900 92 158 — 1,132 25 51 

Slag scrap (Fe content 70%) 1,164 451 1,844 1 3,202 212 158 

| Shredded or fragmentized 3,028 1,687 74 — 4,742 — 384 
| No. 1 busheling 1,563 216 145 (’) 1,915 49 100 — 

All other carbon steel scrap 1,988 945 4,842 31 7,168 624 286 

Stainless steel scrap | 605 21 483 — 1,077 «18 63 

Alloy steel (except stainless) 99 135 602 10. 812 26 112 

Ingot mold and stool scrap 403 106 402 295 910 322 164 | 

Machinery and cupola cast iron 2 —1 3 () 37 9 7 : 

Cast-iron borings 147 (’) 1 () 123 12 3 

Motor blocks — — — — — — — 

Other iron scrap 248 -13 350 24 518 114 123 

Other mixed scrap 557 131 86 () 165 33 69 

Total? 31,162 4,292 18,206 594 351,688 2,716 3,516 | 

MANUFACTURERS OF STEEL CASTINGS 

Carbon steel: 

Low-phosphorus plate and 

punchings 668 2 121 () 800 (’) 42 

Cut structural and plate 464 13 67 () 537 — 52 

No. 1 heavy melting steel 185 — 86 . — 258 3 20 

No. 2 heavy melting steel 137 2 a — — 158 — 10 

No. 1 and electric-furnace bundles 16 — (’) — 17 — 2 
No. 2 and all other bundles — — — — — — — 

Electric furnace, 1 foot and under 

(not bundles) 66 — 11 — 76 — 6 

Railroad rails 21 — I — 20 — 1 

Turnings and borings 34 — 10 — 32 4 2 

Slag scrap (Fe content 70%) — — — — (’) — — 

Shredded or fragmentized 54 — — — 56 oe (') 

No. 1 busheling 76 — — — 81 — 2 

All other carbon steel scrap 367 —_— 188 _— 547 — 28 

Stainless steel scrap 34 2 37 — 79 1 10 

See footnotes at end of table. 
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TABLE 2—Continued 

U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, 

AND STOCKS OF IRON AND STEEL SCRAP AND PIG IRON IN 1989, BY GRADE 

| | | (Thousand short tons) 

Receipts of scrap Production of home scrap | 

From | Recircu- Obsolete scrap — Consum ron 
brokers, ee lating (includes ingot purchas ed Shipments Ending 

Grade dealers, on resulting molds, stools, and home of scrap stocks, 
and other oiapany from and scrap from scrap (includes Dec. 31 
outside plants current old equipment, recirculating 
sources - operations buildings, etc.) scrap) 

MANUFACTURERS OF STEEL CASTINGS—Continued | 

Alloy steel (except stainless) 86 — 157 — 243 2 74 

Ingot mold and stool scrap — — — — — — — 

Machinery and cupola cast iron 8 41 () — 49 ee 8 

Cast-iron borings 73 — 16 — 62 — 2 

Motor blocks (') — 1 — 1 — — 

Other iron scrap 31 — 75 — 95 9 10 

Other mixed scrap — — 11 = 1 = () 

Total? 2,320 60 780 1 3,123 19 272 
IRON FOUNDRIES AND MISCELLANEOUS USERS 

Carbon steel: 

Low-phosphorus plate and | 
punchings 1,129 46 151 7 1,368 1 56 

Cut structural and plate 1,203 23 73, () 1,308 — 78 

No. 1 heavy melting steel 157 109 361 — 402 © 229 38 

No. 2 heavy melting steel 167 — 70 | —_— 209 29 4 

No. 1 and electric-furnace bundles 209 205 60 — | 475 — 6 

No. 2 and all other bundles 172 — 1 — 178 — 23 

Electric furnace, 1 foot and under : 
(not bundles) 29 7 12 — 43 | — l 

Railroad rails 270 2 2 — 275 2 32 

Turnings and borings 431 1 23 — 446 4 48 

Slag scrap (Fe content 70%) 23 — — — 23 — 1 

Shredded or fragmentized 1,256 82 — — 2,051 — 57 

No. 1 busheling 530 100 17 — 642 — 16 

All other carbon steel scrap 666 — 92 3 759 4 46 

Stainless steel scrap 14 — 12 — 27 1 21 

Alloy steel (except stainless) 29 —_ 12 — 42 (’) 14 

Ingot mold and stool scrap 217 23 230 1 449 29 26 

Machinery and cupola cast iron 1,165 243 450 29 1,894 5 140 

Cast-iron borings 662 104 162 — 914 14 36 

Motors blocks 482 61 724 — 1,231 15 47 

Other iron scrap 735 63 2,850 (') 3,631 45 97 

Other mixed scrap 532 89 446 1 1,030 23 70 

Total ? 10,078 1,158 5,746 42 17,398 402 857 

TOTAL—ALL TYPES OF MANUFACTURERS? 

Carbon steel: 

Low-phosphorus plate and 
punchings 2,166 67 298 61 2,611 20 158 

Cut structural and plate 2,916 650 599 1 4,145 35 267 

No. 1 heavy melting steel 8,936 — 527 7,126 173 15,174 632 936 

No. 2 heavy melting steel 3,561 147 980 2 4,758 41 320 

No. 1 and electric-furnace bundles 6,123 283 1,042 4 6,603 760 558 

See footnotes at end of table. 
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TABLE 2—Continued | 

U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, SHIPMENTS, 

AND STOCKS OF IRON AND STEEL SCRAP AND PIG IRON IN 1989, BY GRADE 

(Thousand short tons) 

Receipts of scrap Production of home scrap 

Trcu- Consumption 
From Recircu Obsolete scrap fb th 

brok From lating ‘acludes j Or DO Ending 
rOKers, other scrap (includes ingot purchased Shipments 

Grade dealers, :; molds, stools, dh f stocks, 
own- resulting and home OF scrap Dec. 31 

and other and scrap from includ ec. 

outside company from old equipment scrap (ine ne 

| sources plants current buildin : etc ) recirculating : 
operations BS, Cte. scrap) 

TOTAL—ALL TYPES OF MANUFACTURERS?2—Continued | 

Carbon steel—Continued 

No. 2 and all other bundles 983 65 132 — 1,164 44 70 

Electric furnace, 1 foot and under | 
(not bundles) 155 227 23 (') 397 — 18 

Railroad rails 512 17 29 2 559 2 A2 

Turnings and borings 1,364 93 192 — 1,611 33 102 

Slag scrap (Fe content 70%) 1,187 451 1,844 1 3,225 212 159 

Shredded or fragmentized 4,337 1,768 74 — 6,849 — 441 

No. 1 busheling 2,169 316 162 (’) 2,638 49 118 

All other carbon steel scrap 3,020 945 5,122 34 8,474 628 360 

Stainless steel scrap 653 23 532 — 1,184 20 94 

Alloy steel (except stainless) 214 135 771 | | 10 1,097 28 199 

Ingot mold and stool scrap 620 129 632 296 1,359 351 189 

Machinery and cupola cast iron 1,175 283 454 29 1,980 14 155 

Cast-iron borings 882 105 179 (’) 1,099 27 42 

Motor blocks 483 61 725 — 1,232 — 15 47 

Other iron scrap 1,014 50 3,275 24 4,244 168 230 

Other mixed scrap 1,089 221, 543 1 1,806 56 139 

Grand total? 43,560 5,510 24,732 637 372.209 3,136 4,644 

' Less than 1/2 unit. 

2 Data may not add to totals shown because of independent rounding. 

3 Internal evaluation indicates that scrap consumption in electric furnaces operated by manufacturers of pig iron and raw steel and castings is understated by approximately 7.7 million short tons; that in 

open-hearth furnaces is understated by about 0.9 million short tons. 
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TABLE 3 | 

U.S. CONSUMER RECEIPTS, PRODUCTION, CONSUMPTION, 
SHIPMENTS, AND STOCKS OF PIG IRON AND 7 | 

DIRECT-REDUCED IRON IN 1989 | 

(Thousand short tons) 

Receipts Produc- Consump- — Ship- Stocks, 

P tion tion ments Dec. 31 . 

MANUFACTURERS OF PIG IRON 

AND RAW STEEL AND CASTINGS 

Pig iron 2,383 55,873 56,854 1,540 191 

MANUFACTURERS OF 

STEEL CASTINGS 

Pig iron 27 — 26 2 6 

| IRON FOUNDRIES AND | | 
MISCELLANEOUS USERS 

Pig iron | | 1,606 — 1,507 54 108 

-» TOTAL-ALL TYPES) es } | | 
OF MANUFACTURERS 

: Pig iron! 4,016 © 55,873 58,387 1,595 304 

Direct-reduced or prereduced iron 1,830 — 1,793 5 47 

' Data may not add to totals shown because of independent rounding. | ; 

| TABLE 4 

CONSUMPTION OF IRON AND STEEL SCRAP AND PIG IRON IN THE UNITED STATES IN 1989, | 
, BY TYPE OF FURNACE OR OTHER USE 

| (Thousand short tons) 

Manufacturers of Manufacturers Iron Total, 
pig iron and raw . foundries and 1 

Type of furnace steel and castings of steel castings miscellaneous "sers all types 
or other use TT Pig” ee Pig Pig , 

ig 
Scrap iron Scrap iron Scrap iron Scrap iron 

Blast furnace? 3,314 — — — — — 3,314 — 

Basic oxygen process? 16,712 54,431 — — — — 16,712 $4,431 

Open-hearth furnace* 947 1,744 — — — — 947 1,744 

Electric furnace . 530,277 345 2,886 26 7,435 789 40,597 1,159 

Cupola furnace — 49 234 — 9,854 379 | 10,088 429 

Other (including air furnace) ° 436 10 3 — 112 23 551 33 

Direct castings ’ _ 275 — — _ 316 — 591 

Total! 51,688 56,854 3,123 26 17,398 1,507 72,209 58,387 

'Data may not add to totals shown because of independent rounding. 

2 Includes consumption in blast furnaces producing pig iron. 

3 Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 

‘Internal evaluation indicates that scrap consumption was understated by about 0.9 million tons and pig iron was understated by about 1.6 million tons. 

5 Internal evaluation indicates that scrap consumption in electric furnaces operated by manufacturers of pig iron and raw steel and castings is understated by approximately 7.7 million short tons. 

®Includes vacuum melting furnaces and miscellaneous uses. 

7 Includes ingot molds and stools. 
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TABLE 5 

PROPORTION OF IRON AND | | 

STEEL SCRAP AND PIG IRON , 

USED IN FURNACES IN THE 7 | 

UNITED STATES IN 1989 

(Percentage) | 

Type of furnace Scrap Pig iron : 

Basic oxygen process 23.5 76.5 | 

Open-hearth furnace 35.2 64.8 

Electric furnace 99.9 1 

Cupola furnace 97.2 2.8 

Other (including air furnace) 96.7 3.3 

| TABLE 6 

IRON AND STEEL SCRAP SUPPLY! AVAILABLE FOR CONSUMPTION IN 1989, BY REGION AND STATE 

(Thousand short tons) 

Receipts of scrap Production of home scrap 

From Obsolete scrap ' 
brokers, From Recirculating _ (includes Total Shipments New aupp’y 

Region and State dealers, other scrap ingot molds, new of : 
| d other own- resulting stools, and scrap supply scrap? or 5 

outs; de company from current from old consumption 

plants operations equipment, 
sources wae 

buildings, etc.) 

New England and Middle Atlantic: | 

Connecticut, Massachusetts, New 
Hampshire, New Jersey, New York, 

Rhode Island 1,525 83 439 3 2,050 54 1,996 

Pennsylvania 5,833 345 4,318 93 10,590 650 9,939 

Total? 7,359 428 4,757 96 12,640 706 11,933 

North Central: | 

Illinois 4,408 1,243 2,378 16 8,045 98 7,947 

Indiana 4,500 —41 5,127 4 9,590 848 8,742 

Iowa, Kansas, Minnesota, Missouri, 

Nebraska, Wisconsin 3,484 233 1,353 (*) 5,069 1 5,068 

Michigan 3,978 487 1,852 16 6,334 153 6,180 

Ohio 6,648 737 3,815 396 11,596 876 10,720 

Total? 23,019 2,700 14,525 431 40,633 1,976 38,657 

South Atlantic: 

Delaware, Florida, Georgia, Maryland, 

North Carolina, South Carolina, 

Virginia, West Virginia 4,364 1,085 1,898 27 7,373 117 7,258 

South Central: 

Alabama, Arkansas, Kentucky, Louisiana, 

Mississippi, Oklahoma, Tennessee, Texas 5,978 1,298 2,703 55 10,034 319 9,716 

Mountain and Pacific: 

Arizona, California, Colorado, Hawaii, 

Oregon, Utah, Washington 2,840 40 850 28 3,758 20 3,738 

Grand total? 43,560 5,510 24,732 637 74,439 3,136 71,303 

'New supply available for consumption is a net figure computed by adding production to receipts and deducting scrap shipped during the year. The plus or minus difference in stock levels at the beginning 

and end of the year is not taken into consideration. 

2 Data may not add to totals shown because of independent rounding. 

3 Includes scrap shipped, transferred, or otherwise disposed of during the year. 

‘Less than 1/2 unit. 
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TABLE 7 

U.S. CONSUMPTION OF IRON AND STEEL SCRAP AND PIG IRON! IN 1989, BY REGION AND STATE | 

(Thousand short tons) a 7 | 

Pig iron and steel ; Iron foundries and | 13 
Region and State ingots and castings . Steel castings miscellaneous users Total 

| Scrap _—swPig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 

New England and Middle Atlantic: | 

Connecticut, Maine, Massachusetts, New | 

Hampshire, New Jersey, New York, 7 , 
Rhode Island 1,076 2 52 ) 922 98 2,050 101 

Pennsylvania 8,362 5,403 176 4 1,348 675 9,886 6,083 

Total? 9,438 5,406 228 4 2,271 773 11,937 6,184 

North Central: | | 

Illinois 5,898 2,552 209 — 1,853 83 7,960 2,635 

Indiana 7,428 19,037 313 4 996 98 8,738 19,139 

Iowa, Kansas, Minnesota, Missouri, 

Nebraska, Wisconsin : 2,104 1 475 5 2,519 147 5,098 153 

Michigan 3,754 5,726 7 — 2,414 130 6,174 5,856 

Ohio 7,524 12,430 | 499 10 2,702 156 10,725 12,595 

Total” 26,709 39,745 1,502 19 10,484 «613 38,695 40,378 

South Atlantic: | , . 

Delaware, Florida, Georgia, Maryland, | 
North Carolina, South Carolina, _ 

Virginia, West Virginia 6,044 6,248 15 — 1,310 48 7,369 6,297 

South Central: | 

Alabama, Arkansas, Kentucky, Louisiana, | 
Mississippi, Oklahoma, Tennessee, Texas 6,969 4,095 614 1 2,208 56 9,790 4,152 

Mountain and Pacific: | 

Arizona, California, Colorado, Hawaii, , 

Oregon, Utah, Washington 2,528 1,360 _ 765 1 _ 1,126 16 4,419 _ 1,377 

Grand total? 51,688 56,854 3,123 26 17,399 1,507 72,209 58,387 |. 

‘Includes molten pig iron used for ingot molds and direct castings. 

Data may not add to totals shown because of independent rounding. , 

3 Less than 1/2 unit. 
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— TABLE 8. a a 

U.S. CONSUMER STOCKS OF IRON AND STEEL SCRAP AND PIG IRON, DECEMBER 31, 1989, 
BY REGION AND STATE oe 

(Thousand short tons) | 

| Carbon steel . Alloy steel Cast iron Other Total . 
. (excludes Stainless . Pig iron 

Region and State . (excludes (includes grades of scrap 
rerolling steel . . 1 stocks 

. stainless) borings) scrap stocks 
rails) 

New England and Middle Atlantic: | | 

Connecticut, Massachusetts, New - . 

Hampshire, New Jersey, New York, 

Rhode Island 103 8 | 55 33 8 207 19 

Pennsylvania 468 43 — . 62 104 14 691 68 

Total ! 57] 51 117 137 22 899 87 

North Central: : , _ : 

Illinois 400 — — 43 41 7 460 =17~—| 

Indiana 455_ 2 10 116 2 585 89 

Iowa, Kansas, Minnesota, Missouri, : | | 

Nebraska 188 (7) 2 19 31 240 15 

Michigan | 218 1 5 4l 10 275 17 

Ohio 475 26 30 | 66 10 606 24 

Wisconsin 13 3 — 13 — 29 5 

Total ! 1,748 32 59 296 59 2,195 168 

South Atlantic: , 

| Delaware, Florida, Georgia, Maryland, | 
North Carolina, South Carolina, 

Virginia, West Virginia 353 10 9) | 94 9 466 34 

South Central: | 

Alabama, Arkansas, Kentucky, Louisiana, | 

Mississippi, Oklahoma, Tennessee, Texas - 690 (7) 9 93 13 805 12 

Mountain and Pacific: | 

Arizona, California, Colorado, Hawaii, 

__ Oregon, Utah, Washington 187 JI ~4*# Be OL 
_ Grand total! 3,548 94 _ 199 | 664 139 4,644 304 . 

' Data may not add to totals shown because of independent rounding. 

Less than 1/2 unit. . . 
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. TABLE 9 | . . 

| U.S. AVERAGE MONTHLY PRICE AND COMPOSITE PRICE FOR - : 
NO. 1 HEAVY MELTING STEEL SCRAP IN 1989 : 

| — (Per long ton) | 

Month | | | Chicago Pittsburgh Philadelphia Composite price! 

January $114.10 $117.86 $109.74 $113.90 

February 118.32 119.89 110.00 116.07 | | 
March 113.00 115.91 108.65 . 112.52 

April 113.00 114.10 109.50 112.20 : 

_ | May 113.00 114.55 111.73 113.09 

June 113.00 109.27 112.73 111.67 | | a 
July 108.00 103.00 111.00 107.33 | . 

August 108.00 102.83 103.74 104.86 . 

| September 108.00 98.85 101.00 102.62 

October 101.09 . 96.64 101.00 99.58 

November 96.00 - = 93.00 | -- 101.00 96.67. / 
December | 94.50 © 95.65 | 101.00 97.05 oo 

Average 1989 108.33 106.80 106.76 107.30 . | 

| Average 1988 _ 113.47 113.78 99.69 108.98 | 
' American Metal Market, composite price, Chicago, Pittsburgh, and Philadelphia. / 

TABLE 10 

U.S. EXPORTS! OF IRON AND STEEL SCRAP, BY COUNTRY | 

| (Thousand short tons and thousand dollars) 

Country | 1985 : 1986 1987 —- 1988 1989? 
Quantity Value Quantity Value Quantity - Value Quantity Value Quantity Value 

Canada 446 38,445 365 31,436 331 30,516 628 62,367 1,033 106,296 
China 387 32,793 340 28,506 249 23,423 31 5,010 | 49 11,129 

Italy | 307 30,250 286 26,177 «4175 15,675 89 12,926 162 27,446 
Japan 2,110 199,135 1,725 — 170,015 986 123,051 649 148,362 — 478 139,245 
Korea, Republic of 1,978 160,674 2,989 247,055 2,630 213,550 2,358 271,155 2,987 404,815 
Mexico 597 57,535 318 29,981 501 48,278 916 101,785 574 63,585 
Spain 910 72,312 673 $1,771 417 42,503 404 108,067 658 119,784 
Taiwan 414 45,163 667 74,387 426 46,629 669 89,021 407 64,386 
Turkey 955 80,133 1,417 115,334 2,254 195,971 1,985 230,853 3,225 393,503 
Venezuela 471 36,384 483 36,673 150 10,273 258 26,109 82 8,166 
Other 1,373 165,360 2,441 242,514 2,247 217,149 2,112 296,298 2,636 410,288 

Total? 9,950 918,186 11,704 1,053,849 10,367 967,018 10,098 1,351,955 12,290 1,748,643 

' Excludes rerolling material and ships, boats, and other vessels for scrapping. 

2US. exports were shipped to 63 countries. 

3 Data may not add to totals shown because of independent rounding. 
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TABLE 11 

U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, BY CLASS : 

a (Thousand short tons and thousand dollars) | | | 

Class 1985 1986 1987 | 1988 | 1989 
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Export: | | | 

No. 1 heavy melting scrap 2,166 218,593 2,922 230,519 2,446 200,980 2,400 255,370 2,789 | 308,485 

No. 2 heavy melting scrap 167 58,537 797 58,879 579 45,994 691 — 68,102 1,050 109,101 

‘No. 1 bundles 185 17,172 155 13,876 167 14,890 74 8,852 . 103 12,990 

No. 2 bundles 306 21,160 301 21,095 366 23,623 © 371 31,567 462 41,505 

- Stainless steel scrap 180 104,898 165 90,066 172 94,025 243 239,807 292 320,683 

Shredded steel scrap 2,559 220,320 3,495 293,040 3,314 298,259 2,910 343,188 3,854 486,999 

Borings, shovelings, turnings 875 56,314 | 731 43,955 $28 28,835 | 515 36,230 743 55,765 

Other steel scrap! 1,646 162,484 2,048 209,094 2,033 195,197 2,042 277,281 1,774 276,420 

Iron scrap 666 58,707 1,091 93,325 762 65,217 852 91,557 1,224 136,694 

Total? 9,950 918,186 11,704 1,053,849 - 10,367 967,018: 10,098 1,351,955 12,290 1,748,643 

Ships, boats, and other vessels 131 6,627 212 16,475. 246 20,264 | 330 43,548 126 16,698 

__(for scrapping) . Se 
| _Rerolling material | 110 15,604 78 11,302 57 8,863 42 7,330 59-11, 397 

Total exports? “10,191 940,416 11,994 ‘1,081,626 10,670 996,145 10,470 ‘1,402,833 «12,476 _—«1, 776,738 

Imports for consumption: 
Iron and steel scrap 611 46,480 724 49,073 843 82,016 1,038 133,577 1,120 149,109 

"Includes terneplate and tinplate. 

2 Data may not add to totals shown because of independent rounding. , 

. TABLE 12 

U.S. EXPORTS OF REROLLING MATERIAL (SCRAP), BY COUNTRY 

(Thousand short tons and thousand dollars) 

Country ; 1985 1986 1987 1988 1989 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Canada (') 41 (') 44 1 170 1 134 4 729 

China 19 2,497 —_—_ — — — — — — — 

Korea, Republic of — — — — (‘) 8 — — — — 

Mexico — 90 12,511 77 11,186 45 7,346 40 6,794 52 9,962 

‘Turkey — — — — 10 1,111 — — — —_ 
Other 1 555 () 72 1 228 1 401 4 __705 

‘Total? 110 15,604 78 11,302 57 8,863 42. 7,330 59 11,397 
"Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. . 
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| TABLE 13 . | | | 

U.S. IMPORTS FOR CONSUMPTION OF IRON AND STEEL SCRAP, 
BY COUNTRY 

| 1988 . | 1989 
Country ~ Quantity Value Quantity Value : | 

(short tons) (thousands) (short tons) (thousands) 

Austria : 18 $39 18 $27 | : 

Belgium-Luxembourg 36,398 430 a _ oo 
Canada : 841 888 | 113,048 951,063 121,454 | 

France 4 5S 29,508 207 | 

Germany, Federal oO | 
Republic of 43,428 225 _ 3,747 1,215 . i 

Japan 15,924 1,577 65,794 5,885 : - | 
Mexico 48,068 11,176 56,863 13,217 ; | 
Netherlands | 28,368. 3,474 3,573 | 1,512 | | 

Sweden eo 24 3 90 211 | | 

United Kingdom 11,429 ~ 1,297 357 905 . - 

Other 12,272 2,303 8,508 4,477 - — 

Total ? 1,037,821 133,577 1,119,521 149,109 | " 

‘Includes tinplate and terneplate. _ . - | 

2 Data may not add to totals shown because of independent rounding. 
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TABLE 14 | 

IRON AND STEEL SCRAP CONSUMPTION 
IN SELECTED COUNTRIES* | a 

(Thousand short tons) 

Continent, country group, 1984 1985 1986 1987 1988 
and country 

North America: | | 

Canada? | 9,298 8,967 8,627 9,039 *°9,400 

United States? 4 > 65,702 70,493 65,856 68,303 76,822 

Latin America: ° | | 

Argentina 1,281 1,264 1,253 1,444 1,462 

Brazil 6,971 7,714 7,934 8,068 8,461 

Chile | 237 241 152 241 320 : 
Colombia | 378 433 491 593 619 

Ecuador 21 21 20 30 28 

Mexico 3,181 3,413 3,253 2,844 3,772 

Peru _ 343 257 292 343 304 

Trinidad and Tobago — 80 152 169 280 

Uruguay 53 51 41 40 41 

Venezuela 1,292 1,195 996 1,284 1,423 

Central America, not further detailed 126 F111 "152 "151 137 / 

Europe: 

European Community: ’” 

Belgium ® 3,880 3,430 2,956 3,009  °3,500 | 

Denmark? _ 718 656 716 714 719 
France? !'° 37,135 37,109 77,128 7,398 7,544 | 

Germany, Federal Republic of* 20,510 20,517 18,795 17,813 20,445 

Greece £300 = 300 °1,220 1,116 1,087 
Ireland !! 208 254 256 271 334 7 

Italy 17,380 17,133 16,144 16,407 17,413 

Luxembourg 1,857 1,761 1,644 1,461 1,624 

Netherlands 1,797 1,658 71,436 1,442 1,502 

Portugal © 600 *600 * 420 435 516 | 

Spain 10,911 11,152 9,548 9,405 9,904 | 

United Kingdom 10,578 7,712 7,341 "7,783 8,553 

European Free Trade Association: | 

Austria ® 1,851 1,681 1,615 1,624 1,714 

Finland® 831 838 837 1,606 1,434 

Norway ® !° 638 597 “600 = 697 762 

Sweden? ® !° " €3,300 3,380 3,240 3,255 3,297 

Switzerland * 915 915 1,100 1,100 1,200 

Council for Mutual Economic Assistance: 

Bulgaria® 850 850 850 950 1,000 | 
Czechoslovakia? 4 '° 8,354 8,471 8,422 8,214 8,958 

German Democratic Republic? *® '° 5,779 5,593 5,516 5,642  °5,700 

Hungary 2,705 2,754 2,912 2,723 2,465 

Poland® 9,630 9,490 10,070 °10,214 10,062 

Romania‘ 4,300 4,280 4,300 4,500 4,700 

U.S.S.R. “64,500 66,139 77,200 78,200 79,400 

Other: Yugoslavia‘ 8 '° ©2,500 2,447 *°2,523 "1,596 1,701 

Africa: South Africa, Republic of* > 3,000 3,300 3,500 3,500 3,750 

See footnotes at end of table. 
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TABLE 14—Continued 

| IRON AND STEEL SCRAP CONSUMPTION 
1 IN SELECTED COUNTRIES 

(Thousand short tons) | 

Continent, country grou , Y group, 1984 1985 1986 1987 1988 
and country 

Asia: 

China * 10,900 11,700 12,500 13,500 14,000 

India‘ 4,060 4,300 4,400 4,400 4,500 

Japan* 47,934 48,685 44,378 ‘44,793 47,373 

Korea, Republic of * 3,600 3,700 3,800 4,000 4,500 

Taiwan ¢ !? 1,700 1,700 1,800 2,000 2,250 

Turkey !! 1,863 2,127 ©2,200 2,500 °2,750 

Oceania: : : 

Australia © 2,050 2,100 2,000 - 2,000 2,200 

New Zealand * 180 150 ~=——s«dA150 150 160 

Total "346,197 ‘351,719 ‘350,946 356,967 380,086 

“Estimated. ‘Revised. 

' Unless otherwise noted, figures represent reported consumption of iron and steel scrap utilized in the production of pig iron, 

ferroalloys, crude steel, foundry products, and rerolled steel, as well as other unspecified uses in the steel industry and by other 

unspecified industries as reported by the United Nations Economic Commission for Europe in its Annual Bulletin of Steel Statistics for 

Europe, 1988, v. 16, New York, 1989, 28 pp., which is the source of all reported data unless otherwise noted. All estimates are by the 

U.S. Bureau of Mines. 

2Source: Canadian Foundry Association as reported by Energy, Mines, and Resources Canada. 

| 3£xcludes scrap consumed by steel rerollers. 

4 Excludes scrap consumed outside the steel industry. 

>Source: U.S. Bureau of Mines. 

© Reported data are from Instituto Latino Americano del Fierro y el Acero. Statistical Yearbook of Steel Making and Iron Ore Mining . 

in Latin America, 1989, Santiago, 1990, 231 pp. Source does not provide details on what is included; presumably figures include total 

steel industry ferrous scrap consumption but exclude scrap used outside the steel industry. 

7 Portugal and Spain became members of the European Community on Jan. 1, 1986. 

8 Excludes scrap consumed in iron foundries. 

9 Includes scrap used in production of steel castings in shipyards but excludes scrap, if any, used in production of pig iron and that used 

in iron foundries. 

10 Excludes scrap consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, crude steel, 

foundry products, and rerolled steel (details on use not available). . 

"! Source: Organization for Economic Cooperation and Development. The Iron and Steel Industry in 1985, Paris, 1987, 52 pp.; The Iron 

and Steel Industry in 1986, Paris, 1988, 52 pp.; The Iron and Steel Industry in 1987, Paris, 1988, 52 pp.; and The Iron and Steel Industry 

in 1988, Paris, 1989, 52 pp. 

'2 Excludes a substantial tonnage derived from shipbreaking, possibly in the order of several million tons annually, for electric- 

furnace-equipped steel mills. 
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TABLE 15 

IRON AND STEEL SCRAP EXPORTS, 

| BY SELECTED COUNTRIES‘ 

| (Thousand short tons) | 

Continent, country group, 1984 1985 1986 1987 1988 | 
and country . 

North America: 

Canada 876 968 21,016 21,198 21,854 

United States? ° 9,556 10,060 11,782 10,424 10,140 | 
Latin America: 

Cuba‘ 159 129 122 165 ©150 

Mexico 17 "24 24 25 52 

Europe: 

European Community: ° 

Belgium-Luxembourg 853 811 725 829 1,008 

Denmark | 258 298 202 246 328 
France 4,525 4,366 3,484 3,558 4,070 

Germany, Federal Republic of 3,602 3,756 3,768 4,650 5,067 

| Greece 1 I 1 22 23 

Ireland 47 55 45 29 235 

Italy 21 11 8 "18 31 

Netherlands 1,851 2,023 2,192 2,474 23,150 

Portugal | 10 18 12 8 214 

’ Spain 4 1 1 18 66 

United Kingdom 4,758 4,982 4,230 3,950 3,978 

European Free Trade Association: 

Austria 23 35 24 101 52 

Finland il 11 — — — | 
Iceland 12 7 3 11 25 

Norway 23 10 9 "13 224 | 

Sweden | 24 24 32 49 106 
Switzerland 118 110 267 296 286 

Council for Mutual Economic Assistance: : 

Bulgaria 53 42 4 39 40 

Czechoslovakia* 205 155 112 110 180 

German Democratic Republic* 40 29 8 ©10 — 

Hungary 87 30 7 118 166 

Poland? 194 88 81 “90 ©75 

U.S.S.R.? 3,756 3,655 4,506 4,299 3,571 

Other: Yugoslavia 157 191 174 405 399 

Africa: | 

Algeria? 91 93 164 166 ©175 

Morocco? : 101 89 57 69 101 

South Africa, Republic of* 53 74 161 78 £100 

See footnote at end of table. 
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TABLE 15—Continued : 

IRON AND STEEL SCRAP EXPORTS, 
BY SELECTED COUNTRIES ' | 

(Thousand short tons) . 

Continent, country group, 1984 «1985. «1986 1987 1988 | 
and country 

Asia: : 

Bahrain‘ 10 10 10 10 10 | 

Brunei 12 9 “10 “10 “10 

China* 15 24 3 121 £150 

Cyprus 15 16 15 5 18 

Hong Kong? 331 332 304 353 409 

India® 20 2~—Ss( 20 20 25 : 
Indonesia” 1 1 7 3 £5 

Japan 161 183 508 416 459 

North Korea* ©10 2 28 20 ©25 | 

Korea, Republic of? 149 82 79 46 45 
Kuwait 136 100  ~—-°100 £100 = © 100 
Malaysia” 22 24 51 49 ©50 : 

Philippines 7 2 1 1 1 2 | 

Saudi Arabia‘ 35 35 35 50 50 

Singapore? 120 184 100 172 293 
Taiwan? 223 428 310 108 83 
Thailand 4 4 6 5 5 

Turkey 3 24 5 6 8 
United Arab Emirates * 10 10 10 10 10 

Vietnam * 2 61 101 93 95 

Oceania: | 

Australia 409 555 623 965 °1,000 

New Zealand? 4 7) 4 3 2 | 
Total 33,180 34,233 35,351 "35,814 37,880 

©Estimated. ‘ Revised. 

' Unless otherwise noted, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel Statistics for Europe, 

1988, v. 16, New York, 1989, 28 pp. 

Source: Official trade returns of subject country. 

3 Includes rerolling material. 

4 Partial figure; compiled from import statistics of trading partner countries. 

> Portugal and Spain became members of the European Community on Jan. 1, 1986. 

618 IRON AND STEEL SCRAP MINERALS YEARBOOK—1989



gy 

TABLE 16 | | . | 

IRON AND STEEL. SCRAP IMPORTS, | | a 

BY SELECTED COUNTRIES‘ 

(Thousand short tons) 

Continent, country group, 1984 1985-1986. -—s«1987 «1988 
and country : 

North America: 

Canada 1,253 974 2827 7858 1,269 

United States? 577 611 724 843 1,038 

| Latin America: : | 

Argentina? | 2 1 1 1 1 
Brazil? 34 35 541 161 “165 | 

Chile £10 “10 219 ©25 ©20 | 

Colombia? 48 ©50 ©50 © 50 ©50 | 

Cuba? 106 109 98 *100 ©100 

Mexico? 696 "926 475 *500 © 1,000 

Peru‘ 20 20 20 20 20 

Venezuela” 400 547 ©550 ©550 ©700 

Europe: 

European Community: * | 

Belgium-Luxembourg 1,843 1,642 1,347 1,746 2,097 

Denmark 146 53 133 98 129 

France 449 508 389 572 883 

Germany, Federal Republic of 1,935 1,776 1,517 1,311 1,551 

Greece . 362 345——ti(<tsé«CS2 2720 2470 | 
Ireland 97 150 134 164 2197 

Italy 6,047 6,368 5,232 5,413 5,578 : 
Netherlands 527 646 936 1,148 71,078 | | 

Portugal 132 116 114 101 2198 

Spain | 5,531 6,776 4,784 4,702 4,966 

United Kingdom 37 55 52 280 101 

European Free Trade Association: . 

Austria 400 263 127 76 112 

Finland 36 125 71 60 18 

Norway 14 12 7 35 180 

Sweden 925 976 769 870 876 

Switzerland | 301 265 2357 2150 294 

Council for Mutual Economic Assistance: 

Czechoslovakia? 172 49 TAT © 50 °50 

German Democratic Republic? 1,141 977 1,087 995 © 1,000 

Hungary 22 15 9 15 6 

Poland? 8 6 6 7 3 

U.S.S.R.° 49 28 49 *50 48 

Other: Yugoslavia 861 804 718 759 822 

Africa: 

Egypt? 1 2 2 2 ©2 

Morocco? 1 2 4 2 2 

South Africa, Republic of? 61 8 ©50 ©25 ©30 

See footnotes at end of table. 
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TABLE 16—Continued , | 

IRON AND STEEL SCRAP IMPORTS, 
| BY SELECTED COUNTRIES! | 

a | | (Thousand short tons) ; | 

Continent, country group, 1984 1985 1986. -—s«1987s«1988 
and country : | 

Asia: | 

Bahrain® | 3 3 3 3 3 | | | 
China? 74 547 716 451 ©500 

Hong Kong? 31 22 37 48 95 | 

India* 500 800 800 1,000 1,000 

Indonesia” 268 210 524 508 ©550 . | 

Japan 4,429 3,587 3,554 2,599 1,974 
Korea, Republic of? 2,294 2,640 3,434 3,879 4,290 
Malaysia? 53 37 5 244 ©250 

Pakistan” . 134 169 162 647 “700 

Philippines? a - 1 1 - 94 120 . 103 ae 

Singapore” 87 72 230 140 ~~ 201 
Syria? | 2 °15 °15 “15. 845 , 
Taiwan? 7 | 637 166 «1,351 1,040 1,384 | 
Thailand? 545 725 612 996 1,277 | 
Turkey _— 1,144 71,323 71,983 3,121 3,348 | a 

Oceania: | | 

Australia 13 1 1 “1 “1 

New Zealand? 3 3 6 “6 °4 

Total 34,462 36,171 35,275 ~—«"37,077 «40,549 
“Estimated. "Revised. . 

' Unless otherwise noted, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel Statistics for Europe, 

1988, v. 16, New York, 1989, 38 pp. 

2Source: Official trade returns of subject country. 

3 Partial figure; compiled from export statistics of trading partner countries. 

4 Portugal and Spain became members of the European Community on Jan. 1, 1986. 

5 Partial figure; compiled from incomplete returns of subject country and export statistics of trading partner countries. 
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| TABLE17 | | - 

| SHREDDER PROCESSING CAPACITY IN SELECTED COUNTRIES IN 1989! | 

| } Shredder data | , oe 

Toa number | Total annual Average power ee teauimons, Number of : 
Country | on operation roguirernents capacity/ requirements _ output horsepower new plants : 

. _ > output, thousand _ per shredder, per shredder, per metric ton under | : 

inoue ne horsepower metric tons” horsepower thousand of annual construction 
metric tons capacity/output 

North America:cNA | , : 

Canada | 22 60,000 1,500 2,700 68 .040 — — 
Mexico , 4 6,600 ©145 1,700 © 36 © 046 — : 
United States *190 © 500,000 © 13,000 2,600. “68 “0.038 NA 

Total “216 © 566,600 © 14,645 ©2,600 “68 © 039 — . 

South America: OO EEE 

Argentina 1 2,000 © 43 2,000 © 43 © 047 - , 

Brazil 3 5,000 ©126 1,700 ©42 ©.040 - | 
Colombia 3 — §,000 £109 1,700 ©36. © 046 — | 
Venezuela 1 4,000 © 86 4,000 © 86 © .047 — 7 

Total 8 16,000 ©364 2,000 ©45 © 044 — 
Western Europe: I 

Austria 6 ©7,500 120 *1,250 20 © 063 — | 

Belgium-Luxembourg 9 ~ 15,700 324 | 1,700 36 .048 — | 

Denmark 5 6,400 100 1,300 20 .064 — 

Finland 2 “4,500 35. ©2,300 17 © 130 1 | 

France 34 45,790 : 933 1,300 27 .049 — 

Germany, Federal Republic of 42 54,184 1,500 1,300 36 .036 1 

Ireland | 1 1,250 30 1,250 30 .042 —_— | 

Italy | 14 20,000 700 1,400 50 .029 2 

Netherlands 12 12,500 450 1,000 37 .028 — 

Norway 3 2,900 112 970 37 .026 — 

Portugal 2 £2,250 ©47 ©1,100 £24 | © 048 — | 
Spain 12 14,500 ©310 1,200 © 26 © 047 — | 
Sweden 3 *8,500 *180 *2,800 “60 © 047 2 

Switzerland 4 £5,000 *110 “1,250 ©27 © 045 — 

Turkey l 2,000 ©43 2,000 © 43 © 047 _ 

United Kingdom 57 91,000 1,700 1,600 30 .054 3 

Total 207 © 293,974 “6,694 © 1,400 | ©32 . 044 9 

Eastern Europe: EEE EEE 

. Czechoslovakia 2 5,000 “100 2,500 © 50 © 050 — | 

German Democratic 

Republic 2 “3,750 “81 “1,900 “41 * 046 — 

U.S.S.R. 6 ©11,300 *240 ©1,900 °41 © 047 — 

Yugoslavia 1 1,250 ©27 1,250 ©27 © 046 — 

| Total 11 *21,300 448 *1,900 “41 © 048 — 

Africa: 

South Africa, Republic of 2 6,000 © 130 3,000 “64 © 046 — 

Total 2 6,000 *130 3,000 “64 © 046 —_— 

Asia: EEE 

Japan 140 114,900 3,446 820 25 .033 — 

Total 140 114,900 3,446 820 25 .033 — 

See footnotes at end of table. . 
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| | TABLE 17—Continued | | 

SHREDDER PROCESSING CAPACITY IN SELECTED COUNTRIES IN 1989! 

: . | , Shredder data | 
| . | "Total numb - smber | - | | Average annual Average power 

: —— Total annual Average power capacity/ requirements, Number of 

: Country —s-- of shredders Total power capacity/ — requirements | —output horsepower new plants 

: in Op crat 1on, — requirements, output, thousand __ per shredder, per shredder, per metric ton under 

a including horsepower metric tons? horsepower thousand of annual construction 
: mills metric tons capacity/output 

Middle East: ' 

Abu Dhabi | 1 £1,250 ©27 ©1,250 ©27 © 046 _— 

Iraq 1 © 1,250 ©27 © 1,250 ©27 © 046 — 

Kuwait I © 2,000 © 43 ©2,000 °43 © 047 — 
| Libya | | 1 ©1250 ©97 ©1250 - ©27 © 046 ~ 

Qatar , 1 © 1,500 ©32 © 1,500 ©32 © .047 — 

Saudi Arabia 2 ©4,500 ©98 ©2,300 £49 © 046 — 

Total 7 ©11,750 ©254 © 1,700 —-&36 © 046 — 
Oceania: RE 

Australia - 9 ©20,700 440 ©2,300 ©49 © 047 _ 
New Zealand | ©2,000 -&43 ©2,000 430 © 047 — 
Total | 10 *22,700 * 483 ©2,300 “48 © 047 — 

World total 601 «=» -°1,053,224 +2644 °® «91,0 +\§44  °+ «#  «4§040 #&#&3&»9 
*Estimated. NA Not available. 

Unless otherwise specified, source for figures developed by the Bureau of Mines is from the Institute of Scrap Recycling Industries Inc., the Bureau International de la Recuperation (BIR), or manufacturers 

. e-Thoweand metric tons per year per 8-hour shift per 5-day week. 
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| | By Michael J. Potter 7 | 

Mr. Potter, a physical scientist with 23 years industry and Bureau of Mines experience, has been the commodity specialist 
for kyanite since 1975. Domestic survey data were prepared by Joe Daniels, mineral data assistant; and international data 
table was prepared by Peter Roetzel, international data assistant. | 

.S. kyanite production in | ceous bauxite or mixtures of bauxite and TABLE 1 
1989 was estimated to have | kaolin above 1549° C. High-temperature U.S. PRODUCTION OF . 
decreased slightly compared | sintered synthetic mullite is prepared by | | SYNTHETIC MULLITE 
with that of 1988 due to a | sintering mixtures of alumina and ka- a oo | 

drop in activity in the iron and steel in- | olin, bauxite and kaolin, or alumina, TO uatity ae 
dustry, a major consumer of refractories. | kaolin, and kyanite above 1,749° C. | Year metric tons) ) (thousands) 

Kyanite, andalusite, and sillimanite | Fused synthetic mullite is made by melt- joss*SSS50000—~SSC~CSCSCO::CS~SS SS 
are a closely related trio of aluminum | ing Bayer process alumina and silica, or jos6e We 
silicate minerals, differing slightly in | bauxite and kaolin in an electric furnace | —@2-—-————_____cc—o—— 
physical properties and _ crystallo- | at about 1,900° C. yep WW 

graphic characteristics, but sharing the All domestic kyanite ore is ground to | 1988 WCW 
same chemical composition, which can | permit separation and recovery by froth | 1989 OW 
be represented as Al,O,-SiO,. When | flotation of the mineral particles from | ‘Estimated. W Withheld to avoid disclosing company propri- 

heated, kyanite begins to break down | accompanying gangue. The flotation- |“ co 
to a noticeable extent at 1315° C (an- | concentrate product is graded for sale to Oo 
dalusite at 1,382° C and sillimanite at | consumers in five particle-size ratings: | 
1,549° C) to form a mixture of mullite, | 35, 48, 100, 200, and 325 mesh. Kyanite 
3A1,0,-2SiO,, and vitreous silica, | concentrates may contain from 56% to | anite, established by the Tax Reform 
SiO,. The mullite so produced usually | 60% alumina, from 38% to 44% silica, | Act of 1969 and unchanged through > 
consists of an aggregation of interlock- | and from 0.2% to 0.9% iron oxide. | 1989, were 22% for domestic produc- 
ing, acicular crystals and remains di- | Lump kyanite from India, ranging in size | tion and 14% for foreign operations. 

mensionally and chemically stable until | from pea size to boulders, was formerly | | 
the temperature is raised to at least | imported into the United States. Indian | == = EES 
1,810° C. These properties enable mul- | reserves are limited, however, and mate- | JSSUES | 
lite to serve to advantage as a compo- | rial is no longer being exported. I 

nent in refractory shapes and furnace | 
linings for a wide range of industrial | == SSS Andalusite continued to be imported 
applications. Above 1,810° C, mullite | DOMESTIC DATA into the United States in 1989 as one of 
dissociates slowly with little change in | COVERAGE — . several minerals and metals, which were 
volume into corundum (AlI,O,) and | ———————___———_——_——_—__|_ exempt under a section of the Compre- 
silica, which recombine to form mullite hensive Anti-Apartheid Act. The ex- 
at lower temperature. Domestic production data for kyan- | emption list included strategic minerals 

Topaz, Al,SiO,(F,OH),, and dumor- | ite and synthetic mullite were developed | for which the quantities essential for 
tierite, Al,(BO;)(SiO,);03, are also of- | by the Bureau of Mines by means of | the economy or defense of the United 
ten classed as members of the kyanite | two separate, voluntary, domestic sur- | States are unavailable from reliable and 
group of minerals. Upon firing, topaz | veys. The Bureau estimated kyanite | secure suppliers. 

loses fluorine and dumortierite loses | production by using the last reported 
boron, yielding refractory residues con- | production levels adjusted by the trend | —_-_-———SSSSSSSSSSSS—S—SS 
sisting essentially of mullite. A number | of the iron and steel industry. In the | PRODUCTION | 
of other substances—fire clay, siliceous | synthetic mullite survey, all three can-_ | ———h 
bauxite, and kaolin, for example—owe | vassed operations responded, providing | 

their ability to perform satisfactorily in | 100% of the total production tonnage Kyanite was produced at two open 

some refractory applications to the fact | data represented in table 1. pit mines by Kyanite Mining Corp., the 

that, when heated, at least part of the Willis Mountain and East Ridge Mines 

aluminum silicate they contain is con- | ___——— CSS | in Buckingham CCounnt, VA. The com- 
verted. to mullite. LEGISLATION pany also operated beneficiation plants 

There are three types of synthetic | ————----—————————— || and calcining facilities for conversion 

mullite. Low-temperature sintered syn- of kyanite to mullite. 
thetic mullite is made by sintering sili- The allowable depletion rates for ky- High-temperature sintered mullite 
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was produced by C-E Minerals Div. of | tory products because transportation WORLD REVIEW 
Combustion Engineering Inc. at | costs may prohibit use of alternative, | _— "~~" " 
Americus, GA, and Didier Taylor Re- | technically superior materials. . 
fractories Corp. at Greenup, KY. Capacity 
Electric-furnace-fused mullite was pro- | __.- Rated capacity is defined as the max- 
duced by Washington Mills Electro | PRICES imum quantity of product that can be 
Minerals Corp. at Niagara Falls, NY. | ——_—-—-----__— || produced in a period of time on a 

| a normally sustainable long-term operat- | 
a Prices at yearend 1989, in British | ing rate, based on the physical equip- 
CONSUMPTION AND USES pounds, from Industrial Minerals | ment of the plant, and given acceptable 

CT  ——— «| (London), were unchanged from the | routine operating procedures involving 

previous year. Price increases for 1989 | labor, energy, materials, and mainte- 
Domestic consumption of kyanite and | in table 2 represent a stronger British | nance. Capacity includes both operat- 

synthetic mullite was mostly in the East- | pound against the U.S. dollar than in | ing plants and plants temporarily 
| ern States. Utilization of the materials | 1988. closed that, in the judgment of the 

was limited west of the Mississippi by the : author, can be brought into production 
expense of shipping from the existing | == CCC—C‘CSC—‘—CSC—CSCSTS__ | ithe aa short period of time with | 
production facilities in the East. FOREIGN TRADE minimum capital expenditure. 

_ The Bureau of Mines does not collect. | —<-272HAJ7JY7ST TTT The data in table 4 are rated capacity 
data on end uses of kyanite and syn- : 7 - . for mines and refineries as of Decem- 
thetic mullite. However, refractories for Shipments of U.S. kyanite, mullite, | ber 31, 1989. Capacity data for Japan, 
the iron and steel industries were prob- | and synthetic mullite were believed to | the Republic of South Africa, and Swe- 
ably the major end use of kyanite- | have been made to destinations in Eu- | den were obtained from literature 
mullite, consuming an estimated 55% | rope and Asia. Imports of andalusite | sources. For other countries, recent 
of the quantity produced. Nonferrous | were approximately 10,300 metric tons | peak production or estimated produc- 
metallurgical operations were believed to | from the Republic of South Africa, | tion was considered to be equal to rated 
be the next largest use, estimated at 20%. | with a customs value of $1,550,000. capacity. | 
A third category, estimated at 15%, | 
consisted of glassmaking furnaces, ce- : 
ramic kilns, boilers, petroleum-proc- 
essing equipment, etc. Nonrefractory 
uses were estimated to comprise the re- 

maining 10%. | TABLE 2 

| __jn the iron and steel industries, mul- PRICES OF KYANITE AND RELATED MATERIALS 
lite is important in critical areas of blast 
furnace stoves and stacks, reheat fur- (Dollars per metric ton) 

- naces, steel degassing chambers and 
soaking pits, and many types of auxil- 1988 1989 
lary pouring and handling equipment. | Andalusite. Transvaal, 57% AI,O,, bulk, c.i.f. main European port 139-154 144-160 
In the nonferrous metal industry, an | Andalusite, Transvaal, 60% Al,O,, c.i.f.main European port 200.  ~«-208 

| end-use example is in refractory linings Sillimanite, South African 70% AI,O,, bags, c.if. main European port. +~«293.~C:#«*«‘“CS*«*S 

of alumina reduction cells. USS. kyanite, 59% to 62% Al,O,, 35-325 Tyler mesh, rawand/or SSS 
Other _miscellaneous uses include calcined, 18-ton lots, c.i.f main European port 139-239 144-248 

kiln furniture, blown aluminum silicate US. kyanite,f.ob. plant, carlos: #2 2. 
high-temperature insulation, brake lin- “Raw gg 70-137 
ings, foundry mold facings, glass addi- Calined 
tions for alumina contents, ceramic | ————————_____"__E 
til e, pyrom eter tube S, hi gh-t ension in- Source: Industrial Minerals (London). Dec. 1988, No. 255, p. 83, and Dec. 1989, No. 267, p. 75. 

sulators, spinnable mullite fibers, shell 
castings, ceramic honeycomb, mortars, | 
grinding media, whitewares, extrusion 
dies, and welding rod coatings. 

Substitute and alternative materials TABLE 3 
for kyanite-group and mullite products U.S. IMPORT DUTIES 
in refractories include fire clay, calcined 

bauxite, and alumina. Other materials. | —@ ——-——$£-.-__[$[T I i 
such as magnesite, chromite, silicon car- Tariff item No. Most yoda OO (MEN) ey 1990 
bide, and zircon are interchangeable for a 

: we yanite, sillimanite, andalusite, 

specific end uses and conditions. Local and dumortierite 2508.5 Free Free. 

availability of refractory Taw materials IS | Mullite 2508.6 4.9% ad valorem 30% ad valorem. 
an important factor in choosing refrac-_ | i ir 
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TABLE 4 South Africa, Republic of pletely at 1,700° C. When the grain size 
’ * ° * 2,0 

WORLD KYANITE AND The country’s andalusite industry | was larger than 0.088 mm mC initial 
RELATED MINERALS CAPACITY, | WaS described in a journal article, in- | conversion temperature of sillimanite 

DECEMBER 31, 1989 _ | eluding occurrence, properties, produc- | concentrate became higher (approxi- 
ers, uses, reserves, production, mining, | mately 1,500° C), and the complete 

(Thousand metric tons) beneficiation, and outlook.’ conversion temperature was higher 
than 1,700° C. 

Capacity 

North America: CURRENT RESEARCH — TTT 080 

United States: OUTLOOK 

Kyanite WwW . cate . 
Synthetic mullite = Ww . The conversion of sillimanite to mul- — 
——_—. oH a —— | lite was described in a paper entitled Changes have taken place in iron- 

Total WwW ‘ wae eye gs eae . . 
South Americas SCt(‘“‘<=CST Exploitation and Utilization of Silli- | making and steelmaking and other 
eg manite Minerals.”* It was suggested | high-temperature industries such as 

__Brazil: Kyanite" | that the temperature of initial decom- | more intensive agitation, higher tem- 
Europe; position and complete decomposition | peratures, and larger temperature fluc- 
_France: Andalusite 60 | of sillimanite varies according to com- | tuations. More durable refractories 

Germany, Federal | position, impurity content, and grain | have been required to meet these chal- 
_Republicofi size of the concentrate. When the grain | lenges. At the same time, consumption 
___Synthetic mullite® 10 size was less than 0.088 millimeter | of refractories per ton of steel and 

Italy: Synthetic mullite © 5 (mm), the sillimanite concentrate be- | other materials produced has gone 
Spain: Andalusite 5 gan to transform into mullite at 1,400° | down. Some lower duty refractories are 

Sweden: Kyanite | 25 C and transformed into mullite com- | being replaced by higher duty ones 

United Kingdom: : | 7 | | = | 

Synthetic mullite 10 TABLE 5 

Other: 

Market economy countries° 20 KYANITE: WORLD PRODUCTION, BY COUNTRY’ 

Centrally planned economy (Metric tons) 

countries © 180 | : | 

Total 315 ~~; 20—_0 0 EE 
Africa. SOtCS<CSt«CS — Country? and commodity 1985 1986 1987 1988P 1989° 

———————— Australia: 
South Africa, Republic of: a 

———— — ee—eoeee Kyanite 222 768 1,079 ©500 500 
Andalusite 310 a rs 

oe Sillimanite 428 133 77 64 70 
Sillimanite* 3 Tn I _ I 900 

—_------ rere Brazil: Kyanite 2,350 950 510 *©1,000 1,000 
Zimbabwe: Kyanite 2 a — —— I I 

Total 375 | China: UnspecifiedS 2,500 2,500 2,500 2,500,500 
Asia: === | France: Andalusite ~ 56,600 50,900 50,000 © 50,000 50,000 

China: Unspecified 3 we 
“IndasOSOt~=<“s=CSCt Andalusite 504 732 122 (4 — 

nn nT Kyanite 30,472 32,394 39,959 36,951 38,000 
Kyanite 38 Greig e””t*=S«sa RR LGR ODESCSM A ooo Sillimanite 17,095 "14,905 12,756 13,925 15,000 

Sillimanite Is | Kenva:Kvanite®OCtC“itC“C SQ ppp 
Total 56. | eva Svante eee” 

—Janans SCC Korea, Republic of: Andalusite 42 — — — — 

i South Africa, Republic of: 
Synthetic mullite‘ 30 SC 

———Toal Andalusite 194,693 "181,466 194,373 259,556 270,000 

Oo Sillimanite 1,337 1,330 1,243 781 700 
Oceania: nn Ta SS 

Australia: : Spain: Andalusite 2,800 2,446 £2,500 2,500 2, 500 
———— Sweden: Kyanite° 52,200 5,000 5,000 5,000 5,000 

Kyanite* 1 I I I I 
eee we United States: 

Sillimanite* 1 —- oem — 
<a Kyanite WwW WwW WwW Ww Ww 

Total 2 sso 
TT Mullite, synthetic‘ 24,500 W WwW WwW WwW 

World total, , Finhahwa Woanie pep pag age ean 
(rounded) 730 | Zimbabwe: Kyanite "1676 85118347951, 900 

ene . j “Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

Estimated. W Withheld to avoid disclosing proprietary data. ' Owing to incomplete reporting, this table has not been totaled. Table includes data available through Mar. 30, 1990. 
_ Excludes U.S. kyanite and synthetic mullite. In addition to the countries listed, a number of other nations produce kyanite and related materials, but output is not reported 

Data may not add to totals shown because of independent | quantitatively, and no reliable basis is available for estimation of output levels. 
rounding. 3In addition, about 7,000 metric tons of sillimanite clay (also called kaolinized sillimanite) is produced annually containing 40% to 48% 

Al,03. 
4 Revised to zero. 
5 Reported figure. 
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based on kyanite-mullite. Raw or cal- | exported. In the Republic of South | tors produce an intermediate kyanite 
cined kyanite provides needlelike | Africa, the world’s largest supplier of | concentrate, which after being freed 
blades in a refractory or ceramic body, | andalusite, producing companies in- | from iron by high-intensity magnetic 

which are interworked throughout and | clude Annesley Andalusite (Pty) Ltd., | treatment, becomes a salable product. 
form a very mechanically strong | Cullinan Minerals Ltd., Hoogenoeg | Some kyanite is calcined at about 
product.’ Because of ‘these unique | Andalusite (Pty) Ltd., Purity Minerals | 1,593° C and sold as mullite. 
properties, kyanite has maintained a | (Pty) Ltd., Verref Mining (Pty) Ltd., 
stable consumption pattern and should | and Weedon’s Minerals (Pty) Ltd. Ma- | Byproducts and Coproducts 
continue to do so in the near future. _| terial is exported to Europe, Japan, and Quartzitic waste tailings from kyan- 

| the United States. In Sweden, kyanite | ite concentrators may be marketed lo- 
output from the new and only pro- | cally as construction sand but transpor- 

BACKGROUND ducer, Svenska Kyanite AB, has been | tation costs limit the areal scope of this 
$$ _________________ | running below the plant capacity of | byproduct. | 

. 25,000 tons per year. Production in Andalusite occurs in pyrophyllite 
Products for Trade and Industry 1989 was estimated to be 5,000 tons. ores that are mined by a company for 

Kyanite and related materials are | ceramic and refractory purposes in 
consumed in the manufacture of high- | Resources | North Carolina. A _ zircon-refractory 
alumina or mullite-class refractories There has been no comprehensive | heavy-mineral sand produced in Flor- 
and in lesser quantities as ingredients in | determination of domestic kyanite re- | ida contains a small amount of alumi- 
ceramic compositions. U.S. kyanite is | serves, but a total of 30 million tons of | num silicates (kyanite, sillimanite, and 
marketed either in raw form or after | kyanite content is a conservative esti- | staurolite) and is used for foundry and 
heat treatment as mullite. In the 35- to | mate. In the category of kyanite re- | refractory sand. | | 
48-mesh range, kyanite is used in | sources, the quantities of that mineral , - 
monolithic refractory applications such | existing in several States in deposits not 1 Overbeck, P. W. Andalusite in South Africa. Jour- 
as high-temperature mortars or ce- | currently or only marginally workable | nalof the South African Inst. of Mining and Metallurgy, 
ments, ramming mixes, and castable | at a profit are known to be large, and | v- 89. No. 6, June 1989, pp. 157-171. | | 
refractories, or with clays and other | kyanite makes up as much as 10% of ee be 5 Di Ot ean . eae 
ingredients in refractory compositions the weight of a number of extensive Paper from 2d World Cong. on Nonmetallic Minerals, 
for making kiln furniture, insulating | formations of micaceous schists and | Beijing, China, Oct. 17-21, 1989, pp. 124-128. 
brick, firebrick, and a wide variety of | gneisses.* 3 Kay, C. Kyanite. Am. Ceram. Soc. Bull., v. 68, No. 
other articles. More finely ground ma- Established kyanite reserves in Brazil | 5, May 1989, pp. 1050-1051. 
terial, minus 200 mesh, is used in body | were given as 3.7 million tons. Large “Espenshade, G. H., and D. B. Potter. Kyanite, 

, mixes for sanitary porcelains, wall tile, | reserves of andalusite and sillimanite | “!manite, and Andalusite Deposits of the Southeast- 
. . . . . . ern States. U.S. Geol. Survey Prof. Paper 336, 1960, 121 
investment-casting molds, and miscel- | were reportedly discovered in China. pp. 
laneous special-purpose ceramics. Reserves of andalusite in France were 5Roskill Information Services Ltd. (London). The 

Data on the properties of finished | approximately 4 to 5 million tons of | Economics of Kyanite Group Minerals 1987, Sth ed. 
refractory products are available from | contained andalusite. In the Republic 

the producing firms. However, selec- | of South Africa, reserves of andalusite | OTHER SOURCES OF INFORMATION 
tion of the best refractory available for | are 50.5 million tons. 
a specific application can sometimes be Information on foreign reserves of | Bureau of Mines publications 
made only by testing under actual op- | kyanite-group minerals is somewhat Kyanite and Related Minerals. Ch. in 
erating conditions. Load-bearing ca- | limited; however, kyanite deposits have Mineral Commodity Summaries, 
pacity, slag resistance, spalling charac- | been reported in several countries, in- annual. 

teristics, and other factors are often of | cluding Austria, Bulgaria, Canada, In- Kyanite and Related Minerals. Mineral 
prime importance. dia, Kenya, Liberia, Spain, the Industry Surveys, annual, preliminary. 

Zircon sand containing some kyan- | U.S.S.R., and Zimbabwe.° Other Sources 
ite, sillimanite, and/or staurolite is Bennett, P. J., and J. E. Castle. Kyanite 
used for foundry and refractory sand. | Technology and Related Minerals. Ch. in 

Industrial Minerals and Rocks. 

Industry Structure Beneficiation.—Both mines of the American Institute of Mining, 
Only a small number of countries | one U.S. kyanite producer are open pit, Metallurgical, and Petroleum 

world wide are currently producers of | hard-rock quarrying operations. Blasted Engineers, New York, Sth ed., 1983, 

kyanite-group minerals. In France, the | material is reduced to manageable size pp. 799-807. 
sole producer of andalusite is Denain- | by drop-ball breaking and trucked to Dickson, T. Sillimanite Minerals. 
Anzin Mineraux Refractaire Ceramique | the processing plants where it is Mining Annual Review (London), June 
(Damrec), a subsidiary of Muineraux | crushed to minus 1-inch size in jaw and 1989, pp. C100-C101. 
Industrielle de Refractaire et Ceram- | cone crushers and then ground in rod Varley, E. R. Sillimanite (Andalusite, 
ique. Material is shipped to markets in | mills to minus 35 mesh or finer. Two Kyanite, Sillimanite). Chemical 
Europe. India’s reserves of lump kyan- | stages of flotation with alkaline-fatty Publishing Co. Inc., New York, 1968, 
ite are limited and material is not being | acid or acid-petroleum sulfonate collec- 165 pp. 
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: - a By William D. Woodbury  —- _ 

Mr. Woodbury is a physical scientist with the Branch of Nonferrous Metals. He had 25 years of geotechnical experience upon 

becoming the Bureau’s lead specialist in 1982. Domestic survey data were prepared by P. Wiser and S. Hays, Nonferrous Data 

Section. International data tables were prepared by G. Jacarepaqua and A. Wilkes, International Data Section. — - oe 

he year 1989 will be remem- | 1981, and the fourth highest ever. Spot | secondary lead smelter-refineries and 

; bered within the lead industry, | shortages of premium grades devel- | consumption of lead for storage batter- | 

worldwide, as one of many | oped, and at yearend reported total | ies established record highs. Recovery 

records and accomplishments | metal stocks held by world producers, | from old scrap also set a new record. 

in several sectors. Most significantly, it | consumers, merchants, and the Lon- | Total primary refinery production was 

was very profitable as the world price | don Metal Exchange (LME) repre- | about the same as that in 1988. How- 

was sustained at high levels throughout | sented only about 3 weeks of demand. | ever, the Nation’s oldest and largest 

the year, averaging the highest since In the United States, production at | lead smelter-refinery established record 

7 TABLE | | SO 

| SALIENT LEAD STATISTICS 

| | (Metric tons unless otherwise specified) | 

1985 1986 1987 1988 - 1989 

United States: a . . . | | 

Production: -. | i a | 

Domestic ores, recoverable lead content 413,955 — 339,793: 311,381 ~ 384,983 | 410,915 

| Value thousands $174,008 $165,150 | $246,720 $315,222 $356,476 

| Primary lead (refined): | | | 7 | 

From domestic ores and base bullion 422,650 348,217 336,471 371,348 379,034 

From foreign ores and base bullion 71,353 22,071 37,139 20,739 17,421 

Secondary lead (lead content) 615,695 624,769 710,067 "736,401 808,589 

Exports (lead content): - 

Lead ore and concentrates 9,987 4,380 8,764 20,902 157,038 

Lead materials, excluding scrap 37,322 19,778 13,586 29,077 ' 43,837 

Imports for consumption: 

Lead in ore and concentrates 2,649 4,604 . 873 20,606 15,122 

Lead in base bullion 760 142 10,827 4,046 15,782 

Lead in pigs, bars, reclaimed scrap 134,521 143,511 192,260 155,893 116,358 

Stocks, Dec. 31: 

Primary lead? 84,502 20,400 21,608 15 398 15,623 

At consumers and secondary smelters 93,130 83,824 88,586 "89,865 82,741 

Consumption of metal, primary and secondary 1,148,298 1,125,521 1,230,373 "1,245,170 1,283,234 

Price: Metals Week average, delivered, cents per | 
pound $19.07 $22.05 $35.94 $37.14 $39.35 

World: | 

Production: . | 

Mine thousand metric tons "3,431.2 "3,334.9 3,428.8 P3,414.4 ©3,394.9 

Refinery ? do. "3,356.7 “3,192.6 3,204.2 P3,239.5 © 3,253.8 

Secondary refinery do. "2,283.8 2,359.3 2,517.6 P2,615.7 ©2,648.9 

Price: London Metal. Exchange, pure lead, cash 

average, cents per pound | $17.84 $18.43 $26.99 $29.73 $30.63 

“Estimated. P Preliminary. " Revised. 
' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export categories for 1989 are not necessarily comparable with those in previous years. 

2 American Bureau of Metal Statistics Inc. 
3 Primary metal production only. Includes secondary metal production where inseparably included in country total. 
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production and output-per-worker lev- | forth reclamation standards for clo- | the zinc concentrates, the balance came | 
_ éls, while simultaneously setting record- | sure, and established a trust fund ad- | from zinc mines in which lead is strictly 
low injury rate and air pollutant emis- | ministered by the State for reclaiming | a byproduct outside of Alaska. The 

| sions levels. Domestic mine production | the tails when currently active mines | zinc mines also were a small and only. 
increased significantly, primarily be- | permanently. close. The new law is | domestic source of germanium. Esti- 
cause of a large mine coming on-stream | known as the Metallic Minerals Waste | mates for 1990, when the huge Red 

| in Alaska. As a result, the United States | Management Act of 1989. In Colorado, | Dog zinc-lead-silver mine in Alaska is 7 
a became a significant net exporter of | ASARCO Inc. reached an agreement | in production, are that the lead-zinc- 

lead concentrates for the first time, | with the State and EPA on a remedia- | silver coproduct relationship will sup- 
virtually all to Canada. : tion program for a portion of the Lead- | ply 97% of the lead, 55% of the zinc 

World mine production decreased | ville Superfund site. | and cadmium, and 30% of the silver. 
Marginally from that of 1988, and ona | Also, as byproducts, these same mines 
recoverable basis was 54% of demand. |; __—CCCSC‘“‘CC#Y:s§€ale@:- expected tod supply ll of the bis- 

| World secondary refinery production | STRATEGIC — muth and indium, and about 80% of 
reached a record 2.65 million metric CONSIDERATIONS the germanium mined in the United 
tons, and world demand increased for | —————————_______—_________ | States. 
the seventh consecutive year, setting a | | 
record for the third consecutive year. | Because of its pervasive worldwide | _ s—is—‘“‘“‘ Sidr; 

| : : | use in the transportation, communica- | JSSUES | 
| . : a tions, and electronics industries, pri- | —————--———__. | 

| ee CC*}:smaarrily for electric power storage, lead | | | | 
LEGISLATION AND is a strategic and critical commodity. Because lead, its oxides, and some 

| GOVERNMENT PROGRAMS | fhe National Defense Stockpile holds | other lead compounds are highly toxic, 
- —_—_,—________—_—— | 525,000 metric tons of lead against a | especially to infants and _ children, 

| goal of 998,000 tons. whether inhaled or ingested, lead was 
In a major ruling by the Environmen- | Except for mines in Missouri, Mo- | selected during the year by the EPA for | 

tal Protection Agency (EPA) in Septem- | rocco, and the Republic of South Af- | a comprehensive, highly publicized, | 
| ber, in response to a court-ordered dead- | rica, primary supply of lead is closely | study effort throughout the whole 

7 line, primary lead smelter slags were one | interrelated, as a result of geologic oc- | agency. This effort, known as The Lead 
a of five mineral processing wastestreams | currence, with zinc and silver. All of | Pollution Prevention Program (P4), 

conditionally retained in the Bevill exclu- | these metals are recovered from the | was scheduled for completion in 1992, 
sion from Federally regulated hazardous | same ore in most producing countries. | and involves almost all program offices 
materials rules under the Resource Con- | A strategic consideration with poten- | in the EPA. The objective is to develop 
servation and Recovery Act (RCRA), | tially wide-ranging impact on domestic | a comprehensive, cross-media (air- 
part B, as amended. This ruling was | supply resulting from these coproduct- | land-water) policy to minimize or elim- 

| expected to be retained when final rules | byproduct relationships arose in 1989. | inate human exposure to lead or its 
| are promulgated, by court-ordered agree- | This was a result of emerging and in- | compounds where epidemiological evi- 

| ment, in January 1991. However, process | novative environmental control strate- | dence warrants. The new lead policy is 
wastewater was not retained in the ex- | gies that are discussed later. One aspect | to be framed in the context of pollution 
emption. The latter is only a fraction in | of the pollution prevention concept, | prevention rather than waste minimiza- 
volume of the former, however, and can | known as source reduction, could en- | tion, but still could utilize improved 

be recycled effectively with best available | tail severe reduced allowances for the | command-and-control techniques to 
technologies (BAT) at a cost estimated by | use of virgin, i.e. primary, materials in | achieve parts of the objective, including 

— EPA to be 0.1% to 0.2% of the 1988 | the manufacture of potentially harmful | more timely, predictable, and realistic 
value of refined metal shipments. or hazardous products. In the worst- | enforcement practices. The new lead 

In a related matter, the EPA proposed | case scenario, elimination of certain | policy, when finally determined, could 
in December that lead-acid batteries be | products from the market place could | serve as a model for tackling other 
prohibited from processing at Municipal | be considered. major health risk problem areas as the 
Waste Combustors (MWC’s) as part of Implemention of such a strategy on | Nation moves toward a uniform envi- 

an overall requirement that 25% of all | virgin lead use in the United States | ronmental code during the rest of this 
recyclable materials entering the sys- | could impact the domestic supply of | century. It is intended by EPA that the 
tems be salvaged. The regulation will | several other metals. An analysis of | lead producing and consuming indus- 
be finalized in 12 months under MWC | domestic mine production in 1988, be- | tries, as well as environmental and 

regulations. fore a large new base and precious | health organizations, be solicited for 
At the state level, an historic occur- | metal mine opened in Alaska, indicates | input and kept continuously apprised 

rence with significant impact was the | that 23% of U.S. total zinc mine pro- | of developments during the informa- 
passage in Missouri of a new law, | duction came from a coproduct rela- | tion gathering, study, and policy fram- 
which, for the first time, regulates mine | tionship with lead. These same mines | ing periods. The Bureau of Mines was 
tailings. The industry-backed rules es- | also produced 100% of the bismuth, | expected to be intimately involved with 
tablished a permit and fee system for | 7% of the silver, and 23% of the cad- | both the industrial sectors and EPA 
lead, zinc, and iron ore tailings, set | mium. Because cadmium reports with | during development of the P4 program. 
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PRODUCTION TABLES | 
$$$ MINE PRODUCTION OF RECOVERABLE LEAD IN | 

Mine Production | THE UNITED STATES, BY STATE | 

The increase in domestic mine out- | (Metric tons) | 

put was exclusively from Missourl, | _ 

Idaho, and a large new silver-zinc mine State 1985 1986 1987 1988 1989 

in Alaska. The reopening of The Doe | Alaska — — — — Ww 

Run Co.’s Brushy Creek Mine, closed | Arizona 58] WwW | _ WwW Ww 

since 1985, supplemented declining | Colorado WwW W W WwW. WwW | 

production elsewhere in Missouri. The | jaano.—«233, 707 9951 w Ww Ww 

Greens Creek Mine on Admiralty Is- | fino w Ww w ow we 

land, ata) viet venture of bo. (8th ». Missouri 371,008 319,900 Ww 353,194 366,931 | 

| CSX Corp. (12.6%), and Exalas Re- | Montana _ 846 w w 8,266 wy | 

sources Inc. (6.3%), opened in Febru- | Nevada____ ) — — Ww —) | 

ary. Cominco Alaska Inc.’s planned | New Mexico Ww 10 WwW Ww Ww : 

November opening for the Red Dog | New York Ww WwW WwW WwW w 

Mine in the region of Kotzebue, AK, | South Dakota ere — — — 4 | 

was delayed because of technical prob- | Tennessee = = WWW Se — Ww WwW Ww 

lems in the mill startup. Nine operating | Total 413,955 339,793 311,381 384,983  -—«-410,915 

mines in Missouri, including Brushy W Withheld to avoid disclosing company proprietary data; included in “Total.” 

Creek, plus six other mines shown on | ‘Less than 1/2 unit. 

table 4, produced all but about 2,400 

tons of the domestic recoverable mine ag 

output. The nine mines in Missouri equity share basis. At yearend, Asarco through December for official startup — 

accounted for 89% of the year’s total. had the captive domestic capacity to | in early 1990. Construction of the port : | 

On the basis of lead in concentrates, | supply all the lead concentrates re- | and storage facilities 52 miles away was : | 

the industry performed at only 62% of quired by its Glover, MO, smelter, and | also essentially completed. At yearend, ! 

capacity (table 15) because of decreas- about one-half of the company’s over- | Cominco had spent $317 million on the | | 

ing primary demand. all requirements. In 1984, the compa- mine and mill complex and $170 mil- | | 

The Doe Run Co. of St. Louis, MO, | ny’s mines supplied only 5% of the | lion on the road and port facilities. The | | 

the Nation’s largest lead producer, oper- | company’s needs, according to Asarco. | latter were financed by the State of 

ated three mine and mill divisions in The Magmont Mine at Bixby, MO, a Alaska through the Alaska Industrial 

Southeastern Missouri: Buick, Fletcher, | joint venture of Dresser Industries Inc. | Development and Export Authority. In | 

and Viburnum. To take advantage of | and Cominco American Inc., the oper- | addition, Cominco will pay an annual 

continuing high copper and zinc prices, | ator, was the Nation’s third largest pro- 

Doe Run increased the total ore milled by | ducing lead mine in 1989. However, 

6% to 4.3 million tons, according to the | because of dwindling reserves and low- TABLE 3 

annual report to stockholders of The ered average ore grades, production de- 

Homestake Mining Corp., a 42.5% | clined nearly 10% from 1988 to 63,000 MINE PRODUCTION OF | 

owner of Doe Run. This resulted in | tons of contained lead in concentrates. RECOVERABLE LEAD IN THE — 

production levels of 228,000 tons of lead | According to Cominco Ltd.’s annual UNITED STATES, BY MONTH — 

in concentrates, 49,000 tons of zinc con- | report to stockholders, the average con- (Metric tons) 

centrate, and 70,000 tons of copper con- | centrate grade actually increased from 

centrate. Average metal grades of the ore | 77.5% to 77.9%. During the year, em- TIaih St” 9BSOS*~“‘COCOC‘«#dSS” | 

hoisted by Doe Run in 1989 were 5.6% | phasis was on mining in the area of the _Mont EE | | 

lead, 0.9% zinc, and 0.6% copper. Total | large 1986 groundfall, and pillar extrac- January 27,71 33,553 | 

reserves at yearend were reported by | tion exceeded that in other areas of the | February 28,231 31,323 | 

Homestake to be 66.3 million tons, | mine. Surface drilling yielded no addi- March 36,080 34,340 | 

graded at 5.0% lead, 0.9% zinc, and | tional reserves, and planning for shut- | April 32,720 33,996 

0.3% copper. down within the next 2 or 3 years was | May 30,346 34,885 

Asarco operated two mine and mill | begun. The average grade of lead ore | June 32,540 36,401 

complexes in Southeastern Missouri, | hoisted was 6.8% compared with 7.2% | July 30,424 33,509 

which together increased the ore milled | in 1988, although zinc and copper | August 36,340 38,992 

by 40% compared with that of 1988, | grades Temained at 1.0% and 0.3%, September 33,157 34,601 

according to the company’s annual re- respectively. October 34.446 35.379 

port to stockholders. Contained lead At Cominco Alaska Inc.’s Red Dog | ~~ “ | 

increased by 20,700 tons, but declined Mine in Alaska, final assembly of the November 31,098 33,116 | 

by 2,000 tons at the Leadville, CO, | mill modules, trial runs, and commis- December _ _31,830 _30,320 | 

mine operated by Asarco on a 50% | sioning of the equipment continued | _Total__——— 384,983 410,915 
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TABLE 4 the balance at the Omaha, NE, refin- 
TWENTY-FIVE LEADING LEAD-PRODUCING MINES ery, which received bullion from the IN THE UNITED STATES IN 1989, INORDER OF OUTPUT East Helena, MT, smelter. The Omaha 7 | | plant also produced lead from pur- BC ———______| chased old and new scrap in 1989, Rank Mine County and Operator Source of lead | Construction of a completely enclosed | 1 Buiek iron, MO_____‘The Doe Run Co.~“Leadhzine ore. | Unloading, handling, and ore storage 2___Fletcher_——~—~=&Reynolds, MO.”~Sdo.—~—SS facility to mitigate environmental prob- 3 Naam OT Des Continued throughout the year at 3 Magmont Iron, MO Cominco American Inc. Do. East Helena. - 

4 West Fork Reynolds, MO ASARCO Incorporated Do. | 
5 Sweetwater do. do. Do. Secondary Smelter-Refinery 6 Viburnum No. Washington, MO The Doe Run Co. Do. Production | 
a ——_—_$_—__—_—___1_—+__— |. Domestic secondary production in- 7 Casteel ’ Iron, MO _do. Copper-lead ore. | creased appreciably for the fourth con- 8 Lucky Friday Shoshone, ID Hecla Mining Co. Lead-zinc ore. secutive year, achieving the highest level 9 Viburnum No. Iron, MO The Doe Run Co. Copper-lead ore. | ever, as the industry performed at 87% 28 

__ | Of capacity, the same rate as in 1988. In 10 Greens Creek Admiralty Greens Creek Mining Co. Zinc ore. spite of two closures during the year, —— Sand, AR there was a net increase in capacity of 11 Montana Jefferson, MT Montana Tunnels Mining Do. 80,000 tons from yearend 1988, a net 
aml 

result of one large new plant coming 12 _ Leadville Unit Lake, CO ASARCO Incorporated Lead-zinc ore. on-stream late in the year, several ex- 13 Sunnyside San Juan, CO Washington Mining Co. Do. pansions, and two downgradings. Total 14 Bunker Hill Shoshone, ID Bunker Hill Mining Co. Zinc ore. annual secondary rated capacity for eS me vgefine lead and lead alloys at yearend 15 Sunshine ~ do. Sunshine Mining Co. Silver ore. was estimated by the Bureau of Mines 16 Balmat St. Lawrence, Zinc Corporation of Zinc ore. to be 930,000 tons, representing 42 NY America companies and 50 plants, with individ- 17 Butte Hill . Silver Bow, MT New Butte Mining Co. Inc. Lead-zinc ore. ual capacities ranging from less than 18 . Rosiclare Hardin and Ozark-Mahoning Co. Fluorspar. 1,000 tons per year to 120,000 tons per Poe year. The 10 largest operated 18 plants, 19 Great Eastern Park, CO J. T. Lamping Lead ore. representing 89% of the total capacity 20 Coeur Shoshone, ID ASARCO Incorporated Silver ore. and accounting for 86% of the produc- 21 Pierrepont St. Lawrence, Zinc Corporation of: Zinc ore. tion. Twenty-three small producers, in- | NY America cluding Asarco, with annual capacities 22 Camp Bird Ouray, CO Royal Camp Bird Inc. Gold ore. averaging 1,000 tons, produced mainly 23 Mission Pima, AZ ASARCO Incorporated Copper ore. specialty alloys for such uses as solders, 24 Gold King San Juan, CO Gold King Consolidated Lead-zinc ore. brass or bronze ingots, and bearing Inc. , metals. The most significant event of 25 Center Grant, NM Mount Royal Mining & Gold ore. the year relative to plants was the open- | Exploration ing of the first large new secondary ' Includes Brushy Creek Mill. . smelter-refinery since 1981, that of Ex- 
ide Corp. at Muncie, IN, on the site of 

| the former Bergsoe-Boliden plant, toll fee to the State, as well as mainte- National Bureau of Labor Statistics. The | which closed in 1983. This was a major nance costs. facility, which includes a strip lead man- accomplishment in light of present day 
ufacturing plant, also achieved the lowest | environmental requirements. Primary Smelter-Refinery Production average employee blood levels ever re- During the year, Doe Run entered the According to Homestake’s annual re- | corded at the site, and for the first time secondary market by purchasing scrap port, the Doe Run smelter-refinery at | achieved 1.1 micrograms (ug) of particu- | batteries and tolling them elsewhere. Ex- Herculaneum, MO, produced a record | late lead emissions per cubic meter of air cept for the necessary RCRA part B 216,758 tons of refined lead as a result against the National Ambient Air Qual- | permit to store hazardous materials, Doe of improved institutional and process- ity Standard (NAAQS) of 1.5 yg per | Run acquired all the necessary environ- ing control systems, yielding a record | cubic meter on an annual basis. mental permits for building and operat- high of 1.82 tons per manshift. This According to the Asarco annual re- ing a proposed Tonolli-Engitec CX was accomplished simultaneously with port, the company produced 172,600 | “clean technology” plant at its Buick setting a new safety performance record | tons of refined lead in 1989, slightly | smelter in Boss, MO. However, it ex- of a ratio of 1.1 lost-time injuries per | less than in 1988 and 1987. Nearly | pected to move forward with the project 200,000 manhours, compared with a two-thirds of the total was produced at | in 1990. RSR Corp. also did not break national average of 7.9, according to the | the Glover, MO, smelter-refinery, and | ground on any of its three proposed new 
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TABLE 5 “clean technology” plants announced in 

REFINED LEAD PRODUCED AT PRIMARY REFINERIES IN November 1988, but preliminary design 
THE UNITED STATES, BY SOURCE MATERIAL * | and expansion details for the Indianapo- 

lis, IN, facility were completed by a 
(Metric tons unless otherwise specified) consulting engineering firm. 

In litigation actions, EPA officially 

Source material | 1985 1986 1987 1988 1989 declared the Nesquehoning, PA, plant 

Refined lead: site of Tonolli Corp., closed since 1985, a 

From primary sources: | priority superfund site, and listed many 

Domestic ores and U.S. battery manufacturers as potentially 

base bullion 422,650 | 348,217 336,471 371,348 379,034 | responsible parties (PRP’s) liable for 

Foreign ores and | cleanup costs. In November, the Depart- 

base bullion 71,353 22,071 37,139 20,739 17,421 | ment of Labor proposed fines exceeding 

Total 494,003 370,288 373,610 392,087 396,455 | $2 million for Interstate Lead Co. of 

Calculated value of | Leeds, AL, for “blatant” blood lead and 

primary refined air level violations. If upheld, it would be 

lead? thousands $207 ,689 $180,004 $296,026 $321,039 $343,932 | the eighth stiffest Occupational Safety 

_ Total refined lead: American Bureau of Metal Statistics Inc.; domestic and foreign ores: Bureau of Mines calculations. and Health Administration (OSH A) fine 

Value based on average quoted price. in his tory. The company was appe aling at 

yearend. | 

TABLE 6 | 

STOCKS AND CONSUMPTION OF NEW AND OLD LEAD SCRAP IN CONSUMPTION 

THE UNITED STATES, BY TYPE OF SCRAP — 

. (Metric tons, gross weight) Domestic consumption of lead was the 

| Cnighest since 1979 as lead-acid storage 

| | ______ Consumption battery manufacturers used more than 1 
Type of scrap | Stocks, Receipts New Old Stocks, ili : : 

Jan. 1 Total Dec. 31 | million tons for the first time. Automo- 

scrape ss tive: starting-lighting-ignition (SLI) bat- 

1988 ) tery shipments, including exports, ex- 

Smelters, refiners, others: ceeded 80 million units for the second 

Soft lead! 1,855 28,548 — 28,721 28,721 1,682 | consecutive year. The industrial-traction 

Hard lead 567 5,717 — 6,093 6,093 191 | and specialty battery sectors also re- 

Cable lead 854 3,699 _ 3,668 3,668 gg5 | corded significant gains. However, lead 

~ Battery-lead plates «28,584 812,343 _— 19,470 ~—819,470~—=«21,457_ | Oxides used for glass, paint, ceramics, 

Mixed common babbitt 95 1,853 — 1,833 1,833 115 | and other chemicals, which had been the 

Solder and tinny lead 1,776 20,861 _ 29.425 20425 -~—«2, 212. | Second largest use for lead on a metal 
TT equivalent basis, declined for the fifth 

Type metals 172 1,808 — 1,877 1,877 103 . 
ST consecutive year. This was more than 

_ Drosses and residues’ _5,232,__ 59,372, 60,559 —_ 60,559 _ 4,049 | offset by a significant increase in lead use 

__ Total 39,135 934,201 160,559 1 882,087 = _ 942,646 30,690 | for bullets and shot, the latter including 

198 use at nuclear plants. Use of sheet lead in 

Smelters, refiners, others: construction and cable lead sheathing in 

Soft lead! 1,682 31,260 — 31,914 31,914 1,028 | communications also increased, the lat- 

Hard lead 191 8,585 — 8,585 8,585 191 | ter by 40% compared with that of 1988. 

Cable lead 885 9,517 _ 9,381 9,381 1,021 | Demand for lead in industrial and 

Battery-lead plates 21,457 923,777 — 922,651 «922,651 ~—=«-22,583. | traction batteries, which includes unin- 

Mixed common babbitt 115 2,071 — 1,990 1,990 196 | tefruptible power supply (UPS) designed 

~ Solder and tinny lead (2,212 19,680 — 20,057 20,057 1,835. | t© ensure constant voltage for large com- 
 — | puter systems at hospitals, banks, com- 
Type metals 103 1,728 — 1,725 1,725 106 ws 

Ne munications networks, etc., and standby 

__Drosses and residues 4,045 66,314 67,934 ~ ~—_—(67,934 2,425 | Dower supply (SBS) for emergency light- 

__ Total «30,690 1,062,932 67,934 996,303 1,064,237 29.385 | ing and some telephone systems, was 

Reset «lead from cable sheathing plus other soft lead . estimated by the Bureau of Mines to be 
udes remeit lea rom cable sheathing plus other soft lead scrap processing. 174,000 tons. This was an increase of 

12% over that of 1988, and represents a 

| | : , record high. About one-third of that was 
| for traction batteries, i.e., electric vehi- 

| | cles, including in-plant fork lifts and 
underground mine equipment. The UPS 
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| | TABLE 7 PRICES 

SECONDARY METAL RECOVERED! FROM LEAD AND TIN SCRAP OT a 
| IN THE UNITED STATES , | 

(Metric tons) | The North American producers’ 
price quotations, including major sec- 

OO | ondaries, which were listed in a range 
dead Tin Antimony _Other_Total_| of 42 to 42.5 cents per pound in early 

1988 | December 1988, dropped to 40 cents in 
Refined pig lead? 367,055 — — — 367,055 | early January 1989, and continued to 
Refined pig tin? — *§45 — — °545 | drop through April, according to Met- 
Lead and tin alloys: — ~ — ~~ | als Week. From a low of 35 cents per 
—AntimonialleadS—~=«S821, 384 902 13,866 736 346,845 | pound, which held from March 2 
~ Lead-base babbitt.—~—~—~—~—~S«Y:CWCAB 1D 162 (4) 1,713 | through April 27, quotes rose steadily 
"Solder SSO™~S::C:«Y'9, BT 3,619 141 (4) 23,247 through August before settling in a 
a 973 70 139 (4) 1,182 | Tange of 42 to 44 cents from August 31 

through October 31. The range broad- Other alloys, including cable 
lead 1,852 29 4 _ 1,905 ened to 41 to 44 cents on November 1, 
Total SSOSCS~S*«@S S098 4732 74.332 736, 374.892 before dropping to 38 to 40 cents dur- 
> 7 , ing December. Monthly average cash Tin content of chemical ° products _ Ww _ _ w | Prices on the LME paralleled the move- 
“Grandtoal—~—~=~=~=—~“‘s*S*~*~*«*SOAC (GCS 6 "742,492 | Ment in the United States through 

gg —— — —= === | April, but dropped more slowly, which 

Refined pig lead 2 411,976 — _ — 411,976 : 
Refined pig tin? , — 563 — _— 563 
Lead and tin alloys: | — 

Antimonial lead 360,570 952 13,657 725 375,904 TABLE 8 
Lead-base babbitt 1,523 116 178 4 1,817 

—Soldr s—t~—<“—ts™sSsS—SC*d' 73D 3,225 128 6 20,085 | LEAD RECOVERED FROM SCRAP oe , , 4 , PROCESSED IN THE UNITED 
—Typemetals nes ar 936 46 137 © 1,119 | STATES, BY KIND OF SCRAP 

Other alloys, including cable rhe y g 2141 30 9 _ 2,190 AND FORM OF RECOVERY 

Total 381,902 4,369 14,109 725 401,105 (Metric tons) 
Tin content of chemical 
products — W — _—— W 1988" 1989 
Grand total 793,878 4,932 14,109 725 813,644 KIND OF SCRAP 

Revised. W Withheld to avoid disclosing company proprietary data. New scrap: 
Most of the figures herein represent actual reported recovery of metal from scrap. ae 

2 Includes remelt lead. Lead-base 42,013 47,129 
3 Includes remelt tin. Copper-base 3,256 e 3,600 
4 Included with “Antimony” to avoid disclosing company proprietary data. a 

Tin-base 5 3 

: , Total 45,274 50,732 
| Old scrap: 

market was expected to continue to in- demand situation as depicted in table Battery-lead plates 623,033 678,702 
crease as it is applied to smaller net- | 17. This worldwide sensitive balance | ~ Ajj other lead-base 56,989 67,755 
worked computer systems. There was | kept the world price relatively high Copper-base.~—«4A&”10S.—S«°11,400 
also about 35,000 tons of lead used in | throughout the year, which essentially | ———————-————_ , 
1989 for specialty batteries for aircraft | has been the case since May of 1987. _Timbase 
and military applications. Stocks of lead and antimonial lead | fo!!! 91127 _757,857 

metal in the market economy countries | __Grandtotal 736,401 = 808,589 
os (MEEC’8) reporting to the International FORM OF 
STOCKS Lead and Zinc Study Group (ILZSG), | ___RECOVERY 

TT ANRANRAT—_ | nCluding those on the LME, were ap- | A8softlead 367,055 411,976 
proximately 378,000 tons at yearend, | Inantimoniallead 331,341 360,570 

Metal stocks at domestic primary | only about 6% of total world demand, | In other lead alloys 23,639 21,040 
refineries at yearend were essentially | and 60,000 tons lower than at yearend | In copper-base alloys 14,361  °15,000 
the same as a year ago, but those held | 1988.! Stocks in LME warehouses de- | In tin-base alloys 5 3 
by consumers declined nearly 10%. | clined nearly 40,000 tons to only 23,000 Total 736,401 808,589 
Therefore, total domestic metal stocks | tons at yearend. The centrally planned Value! thousands $602,962 $701,465 
were at the lowest level since 1968, and | economy countries (CPE’s) do not re- cEstimated. ‘Revised SOtC=<“i=CSst‘“‘s<CStSSSSS 
reflected the worldwide tight supply- port lead stock levels. ' Value based on average quoted price of common lead. 
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TABLE 9 

U.S. CONSUMPTION OF LEAD, BY PRODUCT 
(Metric tons) caused the spread with the U.S. average 

to decrease from 9.6 cents per pound in 
SIC code Product 1988 1989 January to 7.2 cents in May. The price | 

Fetal DrOdctge TT and spread then rose slowly through 
—__ Piveee October to the year’s high of 34 cents 
3482 Ammunition: Shot and bullets 52,708 62,940 per poun d. the sprea da gain reaching 

- i —__— ————— > 

__—siBearing metals: 9.6 cents. The LME price then took a 
35 Machinery except electrical 425 WwW sharp dip in November, as it did in the 

36 Electrical and electronic equipment @) | W | United States, but more so, resulting in 
371 Motor vehicles and equipment 5,152 1,683 | the high spread of the year of 9.9 cents 

37 Other transportation equipment 457 WwW | per pound. However, in December the 

Total bearing metals 6,034 2,586 | LME rose slightly, which reflected 
3351 Brass and bronze: Billets and ingots 9,994 9,610 Asian and European spot shortages of 

36 Cable covering: Power and communication 16,170 22,605 he avera mea and the creas wan 

15 Calking lead: Building construction 1,618 1,831 the average U.S. price reached the low- 
LT TT ATNN == | est of the year, 6.7 cents per pound. 

___Casting metalss The North American ; . . producer price 
36 Electrical machinery and equipment "1,333 524 is a delivered price in the United States 

371_______—Motor vehicles and equipment () W | Normally, a North American producer 
37 Other transportation equipment 13,474 3,395 price of 5 cents per pound above the 

3443 Nuclear radiation shielding | 1,065 W | LME to cover the tariff, insurance, 

Total casting metals "15,872 16,175 | ocean freight, and delivery would stim- 

Pipes, traps, other extruded products: ‘ulate importation. However, the world- 

15 Building construction 11,193 8,856 | wide tight supply-demand balance 

3443 Storage tanks, process vessels, etc. () 962 | (table 17) and occasional spot short- 

Total pipes, traps, other extruded products 11,193 9,818 ages of premium metal (99.99% plus), 
—“Setlad === === | resulted in the lowest net metal domes- 
SO ic imports si ion year. 15 Building construction 14,009 15,900 | HC Mports since 1982, a recession yea 

a 5 ,, | Lhe average U.S and LME prices were 
3443 Storage tanks, process vessels, etc. (“) (“) the highest since 1980, when they were 

3693 Medical radiation shielding 3,449 5,087 42.5 and 41.2 cents per pound, respec- 

Total sheet lead 17,458 20,987 | tively. The United States was a net pig 
Solder: metal exporter of 75,000 tons in that 

15 Building construction 3,985 3,909 | year. 

341 Metal cans and shipping containers 848 762 

367 Electronic components and accessories 4,824 4,092 
rs TABLE 10 

36 Other electrical machinery and equipment 3,052 2,029 

371 Motor vehicles and equipment 6,355 6,217 U.S. CONSUMPTION OF LEAD, 

Total solder 19,064 17,009 BY MONTH 
Storage batteries: (Metric tons) 

3691 Storage battery grids, post, etc. 514,694 552,308 

3691 Storage battery oxides "454,964 459,847 Month 1988" 1989 

Total storage batteries "969,658 1,012,155 | January 98,725 111,493 

371 Terne metal: Motor vehicles and equipment 2,324 2,286 | February 99,320 104,013 

27 Type metal: Printing and allied industries (°) (?) | March 107,655 106,962 

34 Other metal products * 5,290 | 4,564 | April 102,222 104,901 

Total metal products “1,127,383 1,182,566 | May 106,821 108,154 

Other oxides: | June 106,492 107,353 
285 Paint W W | July | 95,051 98,856 
32 Glass and ceramics products Ww W | August 105,332 111,328 

28 Other pigments and chemicals WwW 10,074 | September 105,881 107,532 

Total other oxides 62,524 57,984 | October 113,441 114,945 

2911 Gasoline additives (°) () | November 106,254 108,339 

Miscellaneous uses 55,263 42,684 | December 97,976 99,358 

Grand total "1,245,170 1,283,234 Total 2 1,245,170 1,283,234 
"Revised. W Withheld to avoid disclosing company proprietary data; included in appropriate totals. Revised 

Included with “Other transportation equipment” to avoid disclosing company proprietary data. IM hh als includ hl d . lus th 

2 Included with “Building construction” to avoid disclosing company proprietary data. onthly totals inet € mont y reporte consumption plus the 
3 Included with “Other metal products” to avoid disclosing company proprietary data. prorated monthly distribution for companies that report on an 
‘Includes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, and fishing weights. annual basis only. 
> Included with “Miscellaneous uses” to avoid disclosing company proprietary data. 2 Includes lead that went directly from scrap to fabricated products. 
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TABLE 11 The domestic prices for lead oxides | 

U.S. CONSUMPTION OF LEAD IN 1989, BY STATE! were based on the selling price plus 
| conversion charges for pig lead in a 

_ (Metric tons) given period. Premium adjustments 
, were also made by individual producers 

Refined Lead in Lead in Lead in to reflect differences in manufacturing 

State soft lead - 2Mtimonial —“ anioys copper- Total | techniques, freight considerations, qual- 
ao tea i ase scrap sity, and packaging requirements or other 
California, «50,326 39,330 10,383 — 100,039 | factors. According to American Metal 
Florida 5,516 7,225 1,126 — 13,867 | Market, the quoted premiums for lith- 
Georgia 31,798 5,858 — — 37,656 | arge ranged from 2 cents to 10 cents per 
Illinois 30,063 45,589 2,072 - 1,005 78,729 | pound in 1989, averaging about 6 cents 

| Kansas | 20,530 16,105 11,829 — 48,464 | for bags or drums in truckload lots, 

Louisiana 6,750 3,508 1,574 _ ~ 11,832 | and 8 to 15 cents, averaging about 11 
Maryland i asti‘—s~s~™S 143 _ _ _ 143 | cents per pound, for 97% red lead. The 
Michigan  ~~~—~—«*24&G 415 11,046 267 _ 27,728 premiums for leady litharge (“Bulk 
Missouri. SOSOSCSCSCSOSSS«*Y2 3221 16,834 _ _ 28,155 Battery’’) ranged from 1 cent to 4 cents 

NewYork SOSOSOC~CSOS 15,892 5,048 13,428 _ 34,368 per pound, and averaged about 2 cents. 

Ohio 23,295 15,667 2,937 257 42,156 | 

Pennsylvania 84,814 33,810 30,543 1,709 150,877 | WORLD REVIEW  ——~C— 
Tennessee 6,111 9,317 2,885 — 18,313 0 § 2 

Texas 89,337 17,111 4,527 — 110,975 

Alabama and Mississippi 18,767 — — 2,222 20,989 According to the ILZSG statistics, 

Arizona and Colorado 256 176 58 — 490 | consumption of soft lead and antimo- 

Arkansas and Oklahoma 3,970 11,204 247 — 15,421 | nial lead in the MEC’s was a record 
Delaware and New Jersey 44,856 7,036 3,159 48 55,299 4.43 million tons in 1989, exceeding the 

Indiana and Kentucky ———230,77 41,406 14,595 599 287,377 | Previous high set in 1988 by about 
North Carolina and South 70,000 tons.“ Estimated world con- 

Carolina 43,142 27,201 9,000 _ 79,343 sumption of lead in all forms during 

Connecticut, Massachusetts, __ | 1989 increased for the seventh consec- 
Rhode Island 4,953 3,202 48 32 8.235 | utive year to just under 6 million tons, 

District of Columbia, Ss and exceeded the 1988 previous record 
Virginia, West Virginia 58 493 2,167 — 2,718 | by more than 100,000 tons (table 17). 

Idaho, Oregon, Washington 15,151 8,177 1,519 _ 24,847 | The world demand growth since 1982 
Maine, New Hampshire, has averaged just over 2% per year, 

Vermont 7,754 6,081 — 21 13,856 | primarily because of steadily increasing © 

Iowa, Minnesota, Nebraska, SLI, UPS, SBS, traction, and load 
Wisconsin 23,956 28,683 17,939 780 71,358 | levelling battery systems. Estimated 

Total 785,951 360,107 130,303 6,873 1,283,234 | world total refinery production in 1989, 

' Includes lead that went directly from scrap to fabricated products. including that from recycled scrap, in- 

creased only slightly from that of 1988. 
The production deficit shown in table 

TABLE 12 17 resulted in a continuing drawdown 
1 of world stocks, occasional spot short- 

U.S. CONSUMPTION OF LEAD IN 1989, BY CLASS OF PRODUCT ages of premium metal, and sustained | - 

(Metric tons) high prices worldwide. At yearend, 

supply and demand continued in delli- 

gad in ”*~<CSCS:CW LU’ balance because of technical prob- 

Product Soft lead antimonial Lead in copper- Total | lems at smelters in Canada and Italy, 
lead alloys base scrap mine production problems in Austra- 

Metal products 67,637 71,161 = 24,740 6,873 170,411 | lia, and labor, political unrest, and 

Storage batteries 623,156 287,140 101,859 — 1,012,155 | Sabotage in Peru. 
Other oxides 57,984 — — — 57,984 Five new lead-producing mines came 

Gasoline additives W _ _ _ w | on-stream in 1989, and two small silver 

Miscellaneous 37,174 1,806 3,704 — 42,684 mines wi yer Otiug the year Ae a 

TolSS«S«S SST —..... —— ——_ —-—— | to have close . 

Tt TO ee result, there was 150,000 more tons of 

‘Includes lead that went directly from scrap to fabricated products. capacity operating at yearend than 

yearend 1988. This was the largest year- 
to-year increase in many years, accord- 
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. | TABLE 13 and, when at capacity, was expected to | 

STOCKS OF LEAD AT CONSUMERS AND SECONDARY SMELTERS — | Produce a million tons of ore yielding | 
. IN THE UNITED STATES, DECEMBER 31 50,000 tons of lead and 110,000 tons of | 

| zinc per year. Reserves are 16.2 million | 

: | (Metric tons, lead content) tons grading 13.0% zinc and 6.8% lead, | 
| _ according to Aberfoyle. 

| Refined Lead in Lead in Lead in Production from the integrated Mount | 
Year soft lead - antimonial alloys copper-base Total | Isa and Hilton operations of MIM Hold- 
aad crap sings Ltd. (MIM) will raise annual output 
1985 50,475 36374 S770 «93,130 | from 180,000 to 200,000 tons of lead, 
1986 47,589 - 30,442 ___5,524 | 269 83,824 | and from 200,000 tons to 250,000 tons of 

1987 __ 55,278 27,959 5,185 164 88,586 | zinc. The Hilton region 20 kilometers 
1988 50,850 34,108 4,756 151 89,865 | north of Mount Isa, Queensland, is en- 

1989 - 48,836 29,068 4,598 239 82,741 | visaged as MIM’s long-term source of 

F Revised. a | lead-zinc-silver, gradually replacing the 
| a | mine at Mount Isa. A resource of 100 | 

, : | million tons was indicated, including 49 | 
| = TABLE 14 million tons of proven and probable re- 

serves, with grades similar to the Mount 
AVERAGE MONTHLY AND ANNUAL QUOTED PRICES OF LEAD! Isa Mine. Deposits of similar magnitude | 

(Cents per pound) : | have been discovered nearby at North | 
| Hilton, making it one of the world’s 

— ggggttC“‘“‘“‘“‘S;ST ggg) | dargest lead-zinc-silver regions. | 

Month ~~ _ North American London North American London Also in Queensla nd, a decision was 
producer Metal producer Metal | anounced early in 1989 to proceed | 

price _ Exchange price Exchange | with development of the Thalanga zinc- | 

January 38.00 30.21 40.17 30.62 +| lead-copper-silver-gold deposit. The | 
February 34.85 | 29.7] 37.01 28.17. | Project is a joint venture between the | 
March 34.00 29.39 35.07 6.69 operating company, Pancontinental Min- 

April 34.00 29.41 35.02 97.55 | mg Ltd. 60%), Outokumpu Australia 
May 34.57 30.27 36.34 39.15 Pty. Ltd. (25%), and Agip Australia Pty. 
a Ltd. (25%). The latter’s share was se- 
June 36.30 30.68 39.15 30-16 | cured from Outokumpu during a 
Juy 36.50 28.06 40.29 31.32 | reorgan-ization of the partnership. Re- 
August 36.52 27.25 41.75 31.81 serves total 5.2 million tons grading © 
September 38.41 | 27.63 43.63 33.00 10.2% zinc, 3.1% lead, and 2.4% cop- » 
October 39.15 29.68 43.63 34.07 per. At full production in 1991, when 

November 41.38 31.33 41.26 31.39 | an underground decline is scheduled to | 

December 42.02 33.12 38.89 32.22 | replace the open pit, output is expected 
Average  - 814” 99.73 _ «43935. CO™” ~ 39.63 +| to reach 48,000 tons per year of zinc, | 

"Metals Week. Quotations for the United States on a nationwide, delivered bass. LME cash average —~S~*~*<“C*‘“‘*«‘SY:C«C*S S000 tons per year off lead, 10,000 
tons per year of copper, and 33 tons per | 
year of silver. This group continued 

ing to ILZSG, including reopenings | Cominco Ltd. brought its new, larger, | study of a deposit at Lady Loretta near 
and expansions. The largest of the new | replacement QSL smelter on-stream. Mount Isa, publishing reserves of 6.5 _ 
mines opened in 1989 were the Greens million tons grading 18.8% zinc and | 
Creek silver-zinc mine in Alaska | Australia 9.2% lead. Agip is a wholly owned 
(12,000 tons of lead capacity) and the The increase in mine production dur- | subsidiary of Agip of Italy, owned by 

| Hilton Mine in Australia (20,000 tons) | ing 1989 was almost completely attribut- | the state organization ENI, which also 
which was integrated into the Mount | able to the new Hilton Mine coming | owns SAMIM, Italy’s largest lead and 
Isa project in Queensland. The largest | on-stream, the Hellyer expansion project | zinc metal producer. 
reopening was Doe Run’s Brushy Creek | of Aberfoyle Ltd., and a full year’s pro- In exploration activity, MIM reached 
Mine in Missouri, and the largest ex- | duction from the Cadjebut open pit in | an agreement with the Northern Terri- 
pansion (additional 38,000 tons) was at | Western Australia owned by BHP Min- | tory government for an 18-month drill- 
the Hellyer Mine on Tasmania. There | erals (58%) and Billiton Australia (42%). | ing program, to be completed by the | 
were no permanent primary smelter- | An expansion of the Cadjebut Mine, | end of 1990, to establish the viability of | 
refinery closings in 1989. In Europe, a | from 7,500 tons per year to 16,000 tons | mining the MacArthur River deposit. | 
small rotary furnace was added to the | per year for lead, and from 41,000 tons | Resource estimates at yearend were 227 | 
Gailitz plant in Austria, and in Italy, | per year to 65,000 tons per year for zinc, | million tons of ore averaging 9.2% zinc | 
Nuova Samim expanded its refinery at | was started late in the year. Increased | and 4.1% lead. The company believes | 
San Gavino by 20,000 tons. In Canada, | production from Hellyer began in March | that technical problems with separating | 
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: | TABLE 15 | | | | the lead and silver residues of their 
| WORLD PRIMARY PRODUCTION CAPACITY | | | electrolytic primary zinc refinery in Mi- 

| - (Thousand metric tons) | | nas Gerais. The new company, Com- 

| SSS | panhia de Chumbo e Prata do Espirito 

- - NBT N98 Santo (CHESA), planned to produce 
| Mine Smelter Refinery Mine Smelter _ Refinery 24,000 tons per year at a new plant in 

North America: | the State of Santo by 1991. The parent | | 

Canada 355 205 230 _ 370 230 230 | company also was expected to begin 

Mexico 210 300 320 210° 300 320 | construction in 1990 of a new QSL lead 

United States 655 515 595 680 515 595 | smelter and electrolytic refinery. The 
 Othr © 40 _ _ 10 _ ___| project was expected to take 3 years to 

| Total ~~—~—~—«*2:, 230 "1,020 “4,145. ~—«*21,270 "1,045 “4,145 | complete, have a capacity of 45,000 tons 
South America: — — — =— ————_|_ per year, and to process mostly imported 

a ? , | Peruvian concentrates. The State of 
Peru | 205 115 110 210 115 110 
Othe 30 140 140 35 140 140 Parana closed the 19,000-tons-per-year 
a —— —_—_—— —— ——— ——— | primary lead refinery of Plumbum S.A. 

Total 285 255 290 295 >. 250 Mineracao e Metalurgia in October until 
Europe: | | process effluent filtration equipment is 

Belgium — 90 125 — 90 125 | installed at discharge points. | 
Bulgaria® 100 130 120 100 130 120 

France 2 190 150 2 190 150 (| Canada 7 
Germany, Federal | Mine production of lead declined 
Republic of 7 190 250 7 190 250 | significantly in 1989 through a combi- 

Italy | 18 115 80 8 WS 100 | nation of technical difficulties, natural 

Poland 50 90 90 50 90 90 | events, and labor problems. Cutback in 

Spain 92 85 85 92 85 g5 | hoisting capacity at Brunswick Mining 
“USSR® 550 635. t«STS 550 635 675 | and Smelting Corp. Ltd.’s Number 12 
United Kingdom _ 50 160 _ 50 160 | Mine in New Brunswick was a result of 
Yugoslavia S”St*~=<C~:*ézidYS 155: 155 116 155 iss (| shaft-deepening project. Also in New 

Other _ __220 145 110 __220 150 110 
Total 1,154 1,875 2,000 1,155 1,880 2,020 | rr tee 2 =a tee ———— TABLE 16 

Africas } 
Morocco } 74 65 65 74 65 65 | WORLD RESOURCES, 1989 

_Namibia 40 B — BD 40 1D p (Million metric tons) 
South Africa, . 

Republic of 102 — — 102 _ _ TT 
Ean 7 Reserve 
Other 24 30 15 24 30 15 Reserves base! 
Total 240 170 «155 240 170 155 | Australia... 14 26. 

| Asian | United States 11 22 
China‘ 350 200 190 350 200 190 US.S.R.° 10 15 

Japan 30 270 285 30 2 ~=~=—-270 285 | GanadattS™S” 7 13 

Korea, North* 85 90 70 85 90 70 Chinae tt” 6 9 

Other _100 95 150 _100 95 150 | Mexico 3 4 
Total 565 655 695 565 655 695 | South Africa, 

Oceania: Australia _516 445 235 _575 445 235 Republic of 2 5 

World total 3,990 4,420 4,480 4,100 4,450 4,500 Total 53 94 
“Estimated. ‘ Revised. Bulgaria * 2 3 

Korea, North* 2 3 

Peru 2 3 

the extremely fine-grained ore can be | drilling at depth outlined another 3 | Yugoslavia 2 3 

overcome with modern autogenous di- | million tons of similar grades, and Total 8 12 

rect smelting techniques. Also in the | studies were undertaken to determine | Orne 2 Sst—<CSCS«S!S 14, 
Northern Territory, the Woodcutters | the viability of further development at | ~Gundtoal 70 120, 
Joint Venture operated by Nicron Re- | the open pit-underground project. cimueh 
sources Ltd. completed the first full 'The Reserve base includes demonstrated resources that are 
year of underground operation. Proven Brazil currently economic (reserves), marginally economic (marginal 

and probable reserves were further ex- | | Companhia Paraibuna de Metais cre- | Tocrss» aie some & those Mat are currently subeconoms 
tended to 1.27 million tons grading | ated a new subsidiary to produce high- | g......: international Lead Zinc Study Group, Bureau of Mines 
13.8% zinc and 6.4% lead. Additional | grade lead for specialty batteries from | estimates, and other published sources. 

636 LEAD MINERALS YEARBOOK—1989



Brunswick, East-West Caribou Mining | 350,000 tons grading 6.5% zinc and | planned expansion for 1990 was there- 
Ltd. suspended production at the Car- | 3.5% lead with the potential of an | fore accelerated to increase the capacity | 
ibou Mine in July to develop additional | additional 1 million tons. Nicron will | by 25% to 100,000 tons per year by 
reserves, presently estimated at 15 mil- | exercise the options and start produc- | midyear 1990, when the smelter was 
lion tons grading 11% lead and zinc | tion pending confirmation by explor- | expected to reopen after correction of 
combined. In July, Curragh Resources | atory drilling. _ | the problems. | 
Inc. lost production temporarily at the | a 
Faro Mine, the nation’s largest, in the | Greece | | Japan —_ 
Yukon Territory because of loss of Financial problems forced the state- Nippon Mining Co. Ltd. planned to 
power caused by forest fires. At Com- | owned Hellenic Mining and Metallur- | develop a new mine on Hokkaido over 

| inco Ltd.’s Sullivan Mine in British | gical Co. of Laurium S.A. (EMMEL) | the next 4 years. The deposit reportedly 
| Columbia, the nation’s second largest | to close the rebuilt 20,000-tons-per-year | had reserves of 3 million tons grading | — 

| lead producer, production declined sig- | primary smelter-refinery in June. At | 13% lead and 15% zinc with traces of 
nificantly because of increasing ore | yearend, EMMEL had no immediate | indium. 
depth and processing problems, and | plans to reopen the facility, but late in | 
cancellation of the miner’s bonus for- | the year the Government formed a | Morocco | 
mula, according to the Government’s | board to examine its options. A large new underground zinc-lead- 

_ | Mineral Policy Sector annual report. | copper-silver mine was under develop- 
In exploration and development dur- | Italy | ment at Hajar by Companie Miniére 

ing the year, Hudson Bay Mining and Nuova Samim and Metallgesellschaft | des Guemassa to be in full production 
Smelting Co. Ltd. completed an expan- | (MG) of the Federal Republic of Ger- | by 1992 at about 16,000 tons per year 
sion at its Chisel Lake Mine in Mani- | many (FRG) agreed to merge their sec- | for lead. 
toba that was expected to increase lead | ondary lead activities. The two Italian 

| output by 5,000 tons per year. In Au- | plants had acapacity of 80,000 tons per | Saudi Arabia 
| gust, Noranda Inc. and Brunswick | year, and the German plant at Brau- The National Industrialization Corp. 
Mining and Smelting reopened their | bach, which installed the Italian | announced plans to construct the na- 
Heath Steel Mine near Bathurst, New | Tonolli CX process in 1988 with | tion’s first secondary lead smelter, ca- | 

| Brunswick, which had been shut down | Tonolli, had a capacity of 40,000 to pacity about 12,000 tons per year, near 
since 1983. The three separate ore bod- | 50,000 tons-per-year. In September, | Jeddah. Startup is scheduled for early 
les contain 4 million tons of reserves | Nuova Samim’s large primary smelter | 1991. Late in the year, a group of Saudi | © 
grading 6.3% zinc and 2.5% lead. Also | at Porto Vesme, Sardinia, was shut private investors announced plans to | 

| in New Brunswick, Marshall Minerals | down because of technical problems. | construct a 25,000-tons-per-year plant 
Corp. continued work on its Restigouche | The Russian designed Kivcet plant had | near Riyadh, with MG of the FRG to 
project in the north. East-West Caribou | been in operation since early 1987. A | be a 25% equity shareholder. 
Mining planned to process the ore from | | : 
the mine, which had about 1.1 million | 
tons of reserves grading 7.71% zinc and | 
5.96% lead. In Nova Scotia, Westminer TABLE 17 | | 
Canada Ltd. started work on reopening 
the Gays River Mine, closed by Esso WORLD SUPPLY AND DEMAND 
Minerals Canada in 1982, at a produc- (Thousand metric tons) | 
tion of 10,000 tons per year lead and | 
15,000 tons per year zinc. Reserves were — - sate . . Min Prim Apparen Stock changes Refine Production 

and 6.2% lead. 1978 3,395 5,595 -71 5,524 At midyear, Banco Espajiol de Credito | ——— . . . 1979 3,472 5,650 +62 5,712 of Spain agreed to sell a 20% interest in | ——— 
Asturiana de Zinc S.A. to Curragh in | 1989_| 3.470 60% 3,364 + 66 9,430 | +91 
exchange for a 5% share of Curragh plus | 1981 | 3,366 | 5,337 -7 5,330 
a 15% interest in their Cirque deposit in | 1982 3,448 5,174 +41 5,215 
northern British Columbia. That | 1983 3,357 5,303 —19 5,284 
project, with 30 million tons of reserves | 1984 3,269 5,582 —113 5,469 
grading 8.6% zinc and 3.5% lead, was | 1985 3,431 57.5% | 2% per| 5,587 +54 5,641 
expected to come on-stream in 1992 at | 1886 3,335 year 5,633 -81 5,552 ~181 
25,000 tons per year of lead. 1987 | 3,429 avg. | 5,679 +43 5,722 
France 1988 3,414 growth | 5,855 —5 5,855 

Penarroya agreed to sell its remaining =389" 3.395 2,768 =3° 2.70" > 
lead-zinc-silver leases in France and sora | 40,781 | sa% | 66.77 | = 9066637 “#0 
Belgium to Nicron Resources of Aus- | Recoverable content (95%) of mine production (lead in concentrates) divided by apparent consumption. 
tralia. Remaining reserves are about 2 Yearend stocks 1977 = 468; yearend stocks 1989 = 378 (estimated; producer, consumer, merchant, LME). 
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| | 

Spain TABLE 18 | | | 

The nation’s largest secondary lead | [{FAD: WORLD MINE PRODUCTION OF LEAD IN CONCENTRATES, 
producer, S.E. del Acumulador Tudor, oe ~ BY COUNTRY! | | | 

doubled the capacity of its smelter at | - 

San Esteban de Gormaz from 20,000 ae + (Thousand metric tons) | Sn 
tons per year to 40,000 tons per yearto | 
replace the yearend closing of its Country” 1985 1986 1987 1988" 1989° 

15,000-tons-per-year plant at Zara- | Algeria® 3.8 3.6 3.6 3.6 3.6 

goza. Boliden Mineral AB of Sweden | Argentina ~ 28.6 26.9 26.1 28.5 28.0 

announced the significant discovery of | Australia... 498.0 447.7 489.1 465.5 3495.0 

a very large lead-zinc deposit, Los | ayia ti(‘i‘i;<CSCS*é*” 61 47 5.2 23 20 

Frailes, near its Aznalcollar Mine, ac- | Roig” 6.2 3.1 9.0 125 345.7 
quired from the Spanish company | 777.9 13.6. 1L6 14.3 14.6 

APIRSA in 1987. An estimated 50 mil- | ——_—_ 
lion tons of ore grading 14% lead and | Bulga 75.0 — 75.0 7.0 97.0 97.0 

zinc would make it.one of Europe’s | Burma 2 18.2 27.1 16.7 12.0 
largest base metal mines when devel- | Canada | | 268.3 349.3 413.7 368.4 3275.0 

oped. Pending further drilling, produc- | Chile 2.5 1.5 8 1.4 1.4 

tion could begin as early as mid-1992. | China 200.0 227.0 ~~ 252.0 312.0 330.0 

. a Colombia | J 2 2 (*) J 

Tunisia 7 | Congo (Brazzaville) | 15 e1.4 14 1.8 1.4 

The Office National des Mines | Cyechosiovakia——Sst=S 2.7 2.9 £28 28 2.8 
(ONM) and its partner, MG of the | Euador® tt (‘Csé;S;*~™S 2 2 2 2 | 2 

FRG, were studying the closed Bou-| Fiingdt=<‘i‘s™S™S*~*~*~*:*:*C«C 20 rag FeL.g 1.8 

grine Mine for possible reopening at | ——————_—___—______ : 

depth. Deeper reserves are estimated to France 2.9 2.5 8 2.0 Vl 

be 6 million tons grading 12% zinc and Germany, Federal Republic of __ 20.5 16.7 18.8 43 78 

6% lead. If approved, the mine could | Greece 19.8 20.9 20.6 * 20.0 20.0 

be on-stream within 3 years, producing | Greenland | 17.8 16.2 = 20.5 23.1 20.0 

100,000 tons per year of lead and zinc | Honduras . : , 21.2 12.6 | 5.0 16.9 10.0 

concentrate. A lead-zinc deposit was | HungaryS 7 — — ee = 

discovered in the state of Kaf, estimated | India 27.1. 37.6 36.7 30.5 32.0 

to contain 4 million tons of reserves, as | Tran° 321.6 21.6 21.6 21.6 22.0 
a result of a joint-venture exploration | [eland i (ai‘ eété;tététststs*s~S 34.6 36.4 33.8 32.5 32.1 

program with BRGM of France. Italy | 15.6 11.1 12.0 16.5 17.0 

United Kingdom Japan : 50.0 40.3 27.9 22.7 18.6 

Britannia Refined Metals (BRM), a Kenyan 6 6 ° 6 6 

subsidiary of MIM of Australia, an- Korea, North® 0.0 0.0 110.0 110.0 _-H0.0 

nounced plans to acquire Chloride | Korea. Republicof 9.7 11.9 14.0 14.5 "12.9 : 
Metals’ 30,000-tons-per-year secondary | Mexico 206.7 182.7 177.2 171.3 3163.0 

lead plant at Wakefield, West York- | Morocco 106.8 76.2 75.7 72.2 67.3 

shire. In addition, BRM started to re- | Namibia _ 34.6 37.5 33.0 32.1 34.0 

place its 30,000-tons-per-year plant at | Nigeria® 3 A 3.1 aT dl 

Northfleet, Kent, utilizing MIM’s rev- | Norway | 3.6 34. 3.1 2.8 3.2 

olutionary Isasmelt process, the first | pry  ©§©§»©~—- 201.5 194.4 204.0 149.0 3192.2 

outside of Australia, and the first sec- | poland 51.3 42.5 48.8 Fe4g 0 47.0 

ondary application of the process. The Romania®.St=CSsttStSt S800 343 36.3 30.2 337.7 

process was developed with Australia’s | coin africa, Republicof ~—~—=«98.4 97.8 93.6 90.2 378.2 
Commonwealth Scientific and Indus-_ | ——2-—-—-———_ we 

trial Research Organization (CSIRO). Spam 85.6 — «19.6 83.2 . 74.9 m4 

The new smelter was scheduled for com- | Svedep_ 1135.9 88.9 90.4 “91.0 89.0 

| pletion by mid-1991 at an increased ca- | Thailand 19.7 26.3 23.5 29.9 32.0 

pacity of 40,000 tons per year. Tunisia 2.5 1.9 3.5 3.5 3.5 

| Turkey © 9.8 10.4 9.5 r€11.0 14.8 

fo — | USSR 440.0 440.0 440.0 440.0 440.0 

CURRENT RESEARCH United Kingdom 4.0 "6 7 1.2 8 

United States 424.4 353.1 318.7 394.0 3419.3 

See footnotes at end of table. | 

Recent and ongoing research relative 
to lead and its uses have focused 
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TABLE 18—Continued strongly on improvements in the lead- 

LEAD: WORLD MINE PRODUCTION OF LEAD IN CONCENTRATES, | 2¢id battery, through all its ranges of 
BY COUNTRY! applications, in terms of safety, capac- 

ity, dependability, and manufacturing- 
, (Thousand metric tons) marketing economics. : 

| __ Research performed in 1989 by Fuji 
Country? 1985 1986 1987 1988? 1989° | Electrochemical Co. of Japan (FDK) 

Yugoslavia _ 115.1 114.6 106.7 103.3 100.0 | and Isuzu Motors Ltd. of Japan, which 
Zambia ® 15.0 14.9 14.5 r e150 14.0 | was 38% owned by General Motors 
Total "3,431.2 3,334.9 3,428.8 3,414.4 ~—«3,394.9 | Corp. of Detroit, led to the develop- 

Estimated. Preliminary. ‘Revised. ment of a quick-charging automotive 

'Table includes data available through June 13, 1990. “battery” with a storage capacity 30 to 
21In addition to the countries listed, Uganda may produce lead, but available information is inadequate to make reliable estimates of 50 times greater than conventional 

levels. . . 
3 Reported figure. SLI’s. Commercial production was tar- 
* Less than 1/2 unit. geted for 1992. The capacitor- 
Reported for 1987 and 1988 as galena (not further specified), assumed 78% Pb. 66 9 : : S Pb content of ore. structured battery,” with internal re- 

| sistance as low as one-hundredth of a 
double layer capacitor in terms of 

TABLE 19 power accumulation capacity per cubic 
| volume, can recover electric power in 

LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY’ less than 30 seconds, with accumula- 

(Thousand metric tons) tion potential 10,000 times that of con- 
: ventional capacitors. Individual coin- | . 

BERT ggg dog size cells can be linked in series or 
—__Country 98S GNF its parallel circuitry on any irregular area, 

Argentina: such as a car roof or bumper, for solar 
_Primary  —“(i‘“‘“‘é‘zWS*ST 15.7 16.2 "*16.0 16.0 | charging as a “key-off” or accessory 

Secondary . 13.6 15.0 16.0 © 16.0 16.0 | supply, or to recharge a dead SLI bat- |. 

Total 28.7 30.7 32.2 r€32.0 32.0 | tery. Other potential applications 

Australia: would be electric cars, home and indus- 

Primary 200.1 156.2 201.7 168.0 _—«-177.0 | trial supplemental or load-levelling | 
Secondary° 15.6 14.8 15.0 15.0 15.0 | Power supply, and aerospace. A coin- 
Total® 315.7 VLO 716.7 183.0 2192.0 | size cell can store power of 1 volt and 

ustria: 
puma 10.0 6.0 6.8 9.0 8.8 In contract work performed for 

oo. 15.5 19.0 | 16.0 16.0 | - NASA’s Jet Propulsion Laboratory 
_eeconeary LP 7" —* _* _15-2 | (JPL), tile-like positive electrode squares 
__ Torah 25.5 _25.0 22.8 _ 25.0 _24.0 | with improved adhesion were developed 
Belgium: | to reduce flaking on the positive faces of 

Primary 75.3 64.5 71.1 83.2 80.0 | bipolar plates, common after repeated 
Secondary 39.0 33.8 36.9 43.3 46.0 | charge-discharge cycles in conventional 

Total 114.3 98.3 108.0 126.5 126.0 | lead plates. This new segmented struc- 

Bolivia: Primary 2 2 2 4 24 | ture prevents defects from spreading 

Brazil: — —— — —— ——— | across the structure. The plate body is 

Primary 29.8 32.7 29.8 29.5 234.2 mace of cress coated wien conduc- 
Secondary $1.8 52.0 58.4 68.7 255.4 | tive Huoride-doped tin oxide In epoxy 
To —— —. —— >. | resin. Lead dioxide paste, reinforced with 

Total 81.6 84.7 88.2 98.2 89.6 . . 
Bulbariace = ——— ———— ———— | the same conductive fibers, is then ap- 

a plied to the formed recesses after condi- 
_Primary 8 97.0 38.0 98.0 95-0 | tioning the body surface to improve ad- 
_Secondary D8. _17.0 7.0 _ 17.0 __10.0 | hesion. The negative side of the plate is 

Total 116.0 114.0 115.0 115.0 105.0 | then built up from epoxy and graphite, 

Burma: Primary 9.6 5.4 4.0 4.4 3.5 | lead foil, and lead paste supported by a 

Canada: glass scrim.* 

Primary 173.2 169.9 139.5 179.5 150.0 Also for JPL, performance of a con- 
Secondary 68.4 87.7 91.2 89.9 g3.9 | ventional lead and litharge positive plate 
Total : 241.6 257.6 230.7 269.4 233.0 | Was improved from 25% to 40% effi- 

Ses footnoies tend ofubln «SY CY tO 65% to 68% efficiency by 
ootnoies at end of table. . ° . . 

increasing the porosity of the active paste 
material. This was accomplished by cov- 

ering the conventional grid with lead 
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sulfate paste blended with tin oxide- TABLE 19—Continued 

coated glass fibers. The lead sulfate, LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY’ 
which has a large molecular volume, 
increases in density during charging, _ (Thousand metric tons) 
opening additional pores. Ironically, lead a 
sulfate buildup and subsequent slough- Country 1985 1986 1987 1988 1989° 
ing is a cause for shorting out and failure | China:° | 

in conventional lead-acid battery con- | _ Primary 170.0 200.0  —-.200.0 200.0 220.0 
struction. In preliminary tests the new | secondary —i(i‘iséS~S~S 40.0 40.0 40.0 45.0 50.0 

| cell was deeply discharged and recharged - Toal ~~ 210.0 "240.0 240.0 245.0 570.0 

more than 2,000 times without fading.” | Colombia: Secondary’ 3.0 4.0 4.0 4.0 3.5 
A patent was issued during the year | ————_______-7—-- 3 3 3 3 

on a range of synthetic polymeric ma- Cyprus: Secondary” © © 0 © a 
terials exhibiting an electrochemical Sar ee a a 28 , 26.0 26.0 26.0 
ionic semiconductivity previously | Venmark: secondary — _ 

known only in living organisms. These | Finland: Secondary _ 44 __12 _ 12 _2.0 __2.0 
materials greatly enhance ion selectiv- | France: 
ity with no change in resistivity when Primary 133.6 132.0 138.8 146.5 147.0 

used as plate separators in a battery Secondary 90.0 98.4 107.1  ——-109.2 108.0 
system. Because they also essentially Total 293.6 930.4 245.9 255.7 255.0 
eliminate nonionic transfer, they con- | German Democratic 
trol the mobility within electrolytes of | Republic:* 
all metals, facilitating their use as elec- Primary 19.2 15.5 A741 19.2 18.2 

trodes in virtually all metal-metal sec- | “Secondary —i(‘(trt*«S SS; 29.0 32.0 35.8 33.8 
ondary battery systems also. Known |~ yom Sst—<“<Cs=CSstCSsStStStsSstC<CS~SS SD 7445 49.1 7550 32.0 

generically as EPM materials, they can Germany, Federal Republic of: =— = — = 

be used as electrolytic cells for the extrac- | —\—_ 
tion of metal ions from process effluents, _Prmary EBL 182.1 167.6 176.6 182.0 
as nonporous breathable coatings for | ondary, SS 184.5 W728 - 168.5 _168.0 
protective clothing or bandages, or even | __ Total 358.3 366.6 340.4 345.1 350.0 
as a synthetic skin in burn treatment.® | Greece: Primary 13.7 19.3 2.7 "5.0 5.0 

A comprehensive coverage of lead- | Guatemala: Secondary | 1 1 wl 1 22 

related investigations and an extensive | Hungary: Secondary il dl ll ol J : 

review of current world literature on the | India: — OO 
extraction and uses of lead and its prod- Primary 15.6 19.9 20.7 18.8 19.0 
ucts, including batteries, were published | “Secondary i(i‘ t!;!;*;*« 20 11.3 12.1 14.0 15.0 
in quarterly issues of Leadscan, lead |" yosSSStt~=<CS~SOS'C 31.2 32.8 398 340 

Development Association, London, | jon Secondary®t=~CS~S 7.5 8.0 10.0 10.0 10.0 
United Kingdom. Ireland: Secondary 9.0 _ 10.2 9.6 £10.0 10.0 

Italy: — oO a a 

OUTLOOK Primary "29.5 29.3 62.3 72.2 72.5 

ee Secondary _ 96.7 "101.7 111.4 111.6 112.0 

Total "126.2 "131.0 173.7 183.8 184.5 

Although overall domestic consump- | Jamaica: Secondary‘ 1.0 __ 1.0 _1.0 _ 1.0 1.0 

tion of lead has grown at an average | Japan: — — — Oe 
rate of about 3% per year since 1985, | Primary 233.7 232.7 218.8 217.7 2207.7 
this rate is not expected to be sustained, | “Secondary —(‘(t!;*«CN «WS 128.7 119.5 122.3 2124.6 
primarily because of institutional fac- | qoalssti“‘(i‘C!!#!#!tC~«é« 6T~20 "361.4 3383 340.0 23373 

for As the Nation pays ineetsed at | yy ecm” S220 2080 
ity instead of the present strategy of Korea, North: Primary” 0 _ 99-0 _%0 20 20 0 

waste minimization through command | Kora Republic of" 
and control techniques, some end uses | _Primary 11.0 32.1 52.5 "46.0 36.8 
of lead will certainly be curtailed or Secondary __ 9.2 _ 27.5 _30.0 44.0 _ 1 
eliminated entirely by legislation or reg- Total 20.2 59.6 82.5 "90.0 80.9 
ulation. One of the pollution preven- | Malaysia: Secondary 14.6 13.8 11.8 °12.4 12.5 

tion strategies known as source reduc- | See footnotes at end of table. 
tion will most likely reduce the use of 
lead in nongrowth markets such as 
solders; paints and coatings (already 
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eee 

TABLE 19—Continued eliminated in interior house paints); 

LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY! ceramics; gasoline additives; containers 
= or other packaging, including inks or 

(Thousand metric tons) dyes, especially where food is con- 
cerned; and cosmetics. Some reduction 

Country 1985 1986 1987 1988 1989° | of lead per battery unit can also be 
Mexico: anticipated as the technology continues 
Primary "203.0 182.0 177.0 168.1 2160.9 | to advance. As a result, U.S. annual 

-Secondarye ss tstst—CS~—S 31.0 33.0 235 9) 35.0 35.0 | growth in lead demand will probably 
Tole SS~SC«dCY@BLUOV 215.0 312.0 303.1 “q95.9 | fall within an average range of 0.5% to 
Morocco: == =— = =— === | 1.0% per year in the decade of the 90’s 
Primary. 59.5 60.0 62.5 °60.5 6.5 | 38 the storage battery sector becomes 

a =I aEE nn even more dominant. The lower aver- 
_Secondary”™ _ 2.0 _ 2.0 __2.0 __*-0 | age growth rate can certainly be ex- 
_ Total® LS 62.0 64.5 64.5 64.5 | pected if source reduction is applied to 
Namibia: Primary (38.5 40.0 40.6 44.4 45.0 | the ammunition sector, currently the 
Netherlands: Secondary * 25.0 33.0 35.7 39.5 40.0 | second largest end use. The higher 

| New Zealand: Secondary° | 6.0 4.0 23.6 3.0 5.0 | growth rate could be attained if lead- 
Nigeria: Secondary 8 1.0 3 © 5 5 | acid batteries for peak-power, load- 
Pakistan: Secondary ¢ 1.0 1.0 2.0 2.0 2.0 | levelling applications become widely 
Peru: i (ti‘S;O!O!WUOUOUOUOUOUUUU —— —— — ——— | accepted for households and commer- 

Primary s—s—~—~S~=«SSYCD 66.4 71.3 53.6 70.0 | lal facilities. 4. 
SecondaryeSSt—=~CS 5.0 5.0 5.0 5.0 5.0 World demand for lead, including 
“Torale tT Bn 14 763 S86 50 the United States., has grown at an 

sd average rate of about 2% through 1989 

Philippines: Secondary’ ss _7.0 0 _!° __/-° —’-° | since the low recession year of 1982 
Poland: (table 17). Lower growth domestic de- 
_PrimaryS  —“t‘sSsC‘S*SdCSCS 63.3 64.5 "61.0 61.0 | mand, which is currently about 21% of 

Secondary © __ 26.2 __ 25.0 _25.0 "36.0 20.0 | the total, will undoubtedly lower the 
Total 87.3 88.3 89.5 "97.0 81.0 | overall growth rate somewhat in the 

Portugal: Secondary‘ 7.0 6.0 6.5 6.5 6.5 | future. However, storage battery use in 
Romania: * ~— — — — ~ | all applications will undoubtedly grow 
Primary  tst—<CSsts 38.6 36.0 2339 38 0 45.9 | faster in the rest of the world than in 

“Secondary stst=CST 10.0 15.5 10.0 10.0 15.9 | the United States as some poorer na- 
 ToalC~C~CS«S BLN S15 7432 748.0 60.9 | tons increase their living standards as 
South Africa, Republic of: : they grow with the world economy. It is 

Secondary _ 32.8 40.5 38.3 37.4 236.9 | estimated that currently about 60% of 
Spain. t=<“CS~Sst‘s*S*S*S*S::O”SSSOCOCOS = = — == | world demand is for batteries, com- 
Primary SOD 88.0 1.4 68 8 75.0 pared with about 80% in the United 
—— States alone, and is forecast to reach 
Secondary 433 42.0 213 __32.0 _50-0 | about 70% by the end of the decade as 
— Vota SGI _130.0 122.7 _120.8 _!25-0 | the rest of the world’s supply-demand 
Sweden; pattern is rationalized by environmen- 

Primary 43.2 49.2 61.2 “60.0 58.0 | tal concerns. Therefore, the most prob- 
Secondary _ 25.9 27.8 _30.2 *30.0 28.0 | able world growth until the end of the 

Total 69.1 - °77.0 91.4 ©90.0 86.0 | century is forecast to average about 
Switzerland: Secondary 2.0 2.5 2.5 1.5 1.4 | 1.5% per year. 
Taiwan: Secondary® sts—=<Cs~ti‘:é‘«S «ST 53.5 66.4 67.3 67.2 The attendant worldwide production 
Thailand: Secondary SM 15 91 11.4 15.6 16.9 | Outlook is interrelated with anticipated 
Trinidad and Tobago. SS structural changes discussed in the fol- 

Secondary‘ 2.0 2.0 1.8 1.8 1.8 | lowing section. Because of large capital 
Tuisia: © ™ — —=— —=—== ——= | demand and high costs associated with 

"Primary 20 9 °79 79 29 environmental concerns, large produc- 

~SecondaryeSOOSCSCSOS 5 5 5 5 ; | tion surpluses in the near term are not 
OO - —— — —_—— ——= | likely. High realized producer prices are 

For ST critical to profitably amortizing the 
See footnotes at end of table. large improvement expenditures antici- 

pated over the next 10 years. However, 
this will continue to be partially sub- 
jected to developing situations in zinc 
and silver markets because of the geo- 

LEAD MINERALS YEARBOOK— 1989 641]



TABLE 19—Continued by 1988 when world supply and de- 

LEAD: WORLD REFINERY PRODUCTION, BY COUNTRY! —_| mand were almost in balance (table 17). 
However, at yearend 1989, world metal 

7 (Thousand metric tons) stocks were extremely low relative to 
| demand as world demand again out- 

. Country 1985 1986 1987 1988? 1989° | stripped production, as was the case in 

Turkey: © : | | 1986. Although world secondary refin- 

Primary 6.5 70 7.0 13 9g | ery production was an estimated record 

“Secondary = sts—<Csti‘SCS™ 25 26 3.0 37 1.0 | 2-65 million tons in 1989, mine produc- 

Tol... 9.0 —~06 100 —TTLO —T0.8 | tion was estimated to be about the same 

USSR“... == —= —=—— => ———= level as 1978, in| spite of significant 

Primary Sts«B SSC BS 475.0 447.0 455.0 increased production from new mines 

oo " ” | and increasing productivity at some old 

Secondary 265-0 270.00 2:750 _ 280.0 _ 280-0 | mines, especially in China. 
— Total ——Ci SOW F755.0 750-00 8727.0 _ 735.0 Although increasing worldwide envi- 

United Kingdom: | ronmental awareness will continue to 
Primary 148.1 156.1 137.5 172.2 160.0 | force an increasingly greater share of 

Secondary 179.1 172.5 200.7 201.6 200.0 | demand to be supplied from secondary 

Total 327.2 328.6 338.2 373.8 360.0 | sources, this will not alleviate the tight 

United States: _ re Te ~~ | supply problem, regardless of the rate 

Primary ss—<‘ists 494.0 370.3 373.6 392.1 396.5 | of recycling increase, without a consid- 

“Secondary ——sCSC*SS*'S 624.8 710.2 736.4 g0s.6 | erable revolutionary (as opposed to ev- 
—Tolal”~—~SCSS 109.7 995.1 1,083.8 1,128.5 1,205.1 olutionary) technology shift. Basically, 

Venezuela: Secondarye 18.0 16.0 17.0 18.5 17.9 | this will require electrowinning and/or 
OO ————= ——— ——— ———— | eletrorefining to obtain premium metal 

Yugoslavia; (99.99% plus), the occasional spot 

_Primary  ——s«C = 75.0 76.4 10.9 78.0 | shortages of which have led to market 
Secondary 40.0 "38.0 36.0 © 39.0 41.0 “tightness” in the fourth quarters of 

| Total | “100.0 "113.0 112.4 109.9 119.0 | 1988 and 1989. Conventional primary 

Zambia: Primary 8.9 6.6 8.0 6.4 7.0 | smelters fed by virgin ores can achieve 

Grand total of which: 5,640.5 5,551.9 5,721.8 5,855.2 5,902.7 | this, especially with electrorefining 

Primary 3356.7 3,192.6 3,204.2 3,239.5 3,253.8 | (nearly 99.999%), but the best on aver- 

Secondary - 2.83.8 "2,359.3 -—=«2,517.6 ~—=«2, 615.7 _—«2,648.9 | age that conventional secondary 
cpuimated. Preliminary. ‘Reise SO*~CS~*~<CSstSCSst smelter refineries can achieve 1s 

' Table includes data available through June 13, 1990. Data included represent the total output of refined lead by each country, whether 99.985 % purity. Premiums for the 

derived from ores and concentrates (primary) or scrap (secondary), and include the lead content of antimonial lead, but exclude, to the purer product have kept average prices 

extent possible, simple remelting of. scrap. ope ie . 

2 Reported figure. artificially high the past 2 years. Even- 

| 3 Revised to zero. | tually, a rationalization of worldwide 

environmental codes will alleviate this 
problem by forcing optimum recycling 

| logic relationships of the three metals | from the Viburnum Trend in Southeast | in conjunction with clean technology 

in the primary production sector. Missouri, large-scale structural changes | reprocessing. 

Complex multinational, multifaceted | have occurred worldwide in both the Ironically, the demand for high- 

realignments and restructuring, includ- | producing and consuming sectors of | purity lead has been fed by evolution- 

ing divestitures, among world lead pro- | the lead industry. Most apparent, as | ary changes in the worldwide demand 

ducers and product manufacturers are | illustrated in table 17, is the decline in | pattern itself and not simply the vol- 

expected to continue through the rest of | primary demand, which has acceler- | ume increase. Original equipment au- 

the century. The reasons, whether | ated downward in recent years and is | tomotive batteries and some large UPS 

market-driven, technology-driven, en- | expected to continue this trend at a | system batteries that are continuously 

vironmentally driven, or combinations | similar rate into the next century.. The | on-line as voltage regulators and not 

thereof, are discussed in the following | milestone year was 1984 when world | subject to drawdown are more amena- | 

section. mine production dropped to a 15-year | ble to the use of high-purity calcium 

low. As the world economy pulled out | lead alloys. This is especially critical for 

of recession, resource recycling was em- | the mass-production automobile indus- 

BACKGROUND phasized as world demand accelerated. | try. Replacement “hybrid” type low 

eee A SOprroiliferation of new secondary | antimonial lead batteries, which are 

plants has appeared together with ex- | superior in electrical charge recovery 
Industry Structure : . oy: . 

pansion of capacity at older plants and | cyclability but are more expensive to 

Since the development of the last | environmental concerns for improved | make, can carry a premium not associ- 

major lead-producing region in 1968, | performance forcing technologic retro- | ated with the cost of buying a new car. 

the first year of significant production | fitting. This was especially noticeable | However, because of the greater volume 
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necessary (5 out of 6 in the United | both primary and secondary sectors in On the consuming side, in the bat- | 
| States) compared with the original | Italy, with MG of the FRG as previ- | tery sector, multinational mergers and 
equipment battery market, discounts | ously discussed, and Brittania Metals | joint-producing ventures have also. be- 
can often offset this to the consumer, | in the United Kingdom, a subsidiary of | come common in recent years as new 

especially when the market is saturated. | MIM. 7 | | | automated manufacturing technologies 
What all this has led to in recent years | The total merger of Penarroya of | and new environmental codes spread 

is a massive worldwide restructuring and | France with Preussag AG of the FRG in | rapidly, requiring increasing new capi- 
rationalization of the industry. In some | late 1987 into Metaleurop is an example | tal investment. Recent examples of this 

cases retrenchment; in others vertical in- | of multilayer restructing and merger on | in the United States have been Dunlop 
tegration, often through multi-national | a grand scale. In late 1989, MG, in an | of Australia’s acquisition of Chloride 
mergers, especially on the primary side; | attempt to expand its base production | Inc., a former U.S. subsidiary of the 

| in still others, lateral merging for more | and raw material reserves on a global | Chloride Group of the United King- 

flexible marketing; and, in other cases, | scale, hiked its share in MIM from 4% | dom, to form Pacific Chloride Inc., 
joint ventures, divestiture, or expansion | to 10.5%. MIM has a 3% interest in | and then acquiring GNB Inc.,.the Na- 
depending on capital availability and its | MG and a 9% interest in Cominco Ltd. | tion’s third largest battery company, 
cost or simple conviction or lack thereof | of Canada, one of the world’s leading | renamed Pacific Dunlop Inc. Exide 
to remain competitive under continu- | base metal producers, in which MG has | Corp., the Nation’s largest battery 
ously changing and evolving conditions. | a 37% share through its Canadian | manufacturer, has formed joint ven- 

One of the best examples of multina- | holding company, Metall Mining Co. | tures with Yuasa Electric Storage Bat- 
tional restructuring through mergers on | Ltd. Mitsubishi Mining and Smelting | tery Co. Ltd., one of Japan’s largest, to 
the primary side to increase vertical | Co. Ltd. of Japan also has a small | manufacture batteries for Japanese car > 
integration for some parties, facilitate | interest in Cominco, and they jointly | manufacturers in the United States and 
cash-flow for investment for others, | own and operate a primary lead smelter | also to manufacture replacement mo- 
and ensure flexible marketing for all | that also utilizes secondary feed at | torcycle batteries. The joint-venture . 
involved. Asarco, one of the two re- | Noashima called Mitsubishi Cominco | plant at Reading, PA, adjacent to Ex- 
maining domestic primary lead metal | Smelting Co. Ltd. | ide’s large secondary smelter-refinery- 
producers. According to its 1989 an- In the United States, there are two | plastics complex, is the Nation’s largest 
nual report, Asarco, which is essen- | prime examples of divestiture in recent | motorcycle battery plant, according to 
tially a custom smelting company, has | years, as both AMAX Inc. and Kenne- | Exide. | 

substantial interests in three of the | cott have gotten out of the lead business | | | 
world’s major mining companies: an | because of environmental risks and un- | Costs — | ee 
18.7% stake in MIM of Australia, a | certain future markets. AMAX’s inter- In 1987 the Bureau of Mines investi- 
52.3% ownership of Southern Peru | ests, the Buick Mine and Boss Smelter- | gated the domestic primary and sec- 
Copper Corp. (SPCC), and a 34% | refinery, were eventually folded into The | ondary lead smelting and refining in- 
holding in Mexico Desaraollo Indus- | Doe Run Co. along with its partner, the | dustries to determine the economic 
trial Minero, S.A. de C.V. (MED- | Homestake Lead Mining Co. of Mis- | impacts of then existing and proposed 
IMSA). MIM, which in return has a | souri. The interests of Kennecott’s Ozark | environmental, health, and safety reg- 
24.9% interest in Asarco, is a partially | Lead Co. were acquired by Asarco. ulations. The impacts were assessed in 
integrated producer of copper, silver, Doe Run’s pending lateral movement | terms of capital and operating costs for 
gold, lead, zinc, and coal. SPCC oper- | into the secondary sector utilizing | existing and alternative smelting-refining 
ates two large copper mines and a | “clean processing technology” will al- | technologies. For the primary sector, the 
copper smelter in Peru. MEDIMSA is a | low them market flexibility by, ironi- | estimated capital cost to rehabilitate the 
holding company for several, not nec- | cally, reopening the Buick conventional | three Missouri smelter-refineries by re- 
essarily integrated, companies in Mex- | refinery only. Pyrometallurgical refin- | placing the present sinter plant-blast fur- 

ico engaged in the mining, milling, | eries can be made environmentally | nace operations with dryers, flash smelt- 
smelting and refining of nonferrous | sound by retrofitting, not yet proven | ing, continuous drossing, and double- 
metals, including the large integrated | for conventional smelters, and ex- | contact acid plants was estimated to be 
copper producer Mexicana de Cobre, | tremely doubtful if stricter emission | $1,000 per annual ton of capacity, or 

S.A. de C.V. All these associated com- | standards are applied. However, by | $400 million 1987 dollars. The estimated 
panies accounted for about 11% of the | combining the two processes, Doe Run | capital expenditure for a single 400,000 
market economy countries’ mine pro- | will be better able to compete in the | ton replacement “green field” flash 
duction of copper, 17% of silver, 14% | antimonial lead market, almost exclu- | smelter in Missouri, optimally located, 
of lead, and 10% of zinc in 1989, | sively the domain of secondary produc- | was estimated to be $750 per annual ton 
according to Asarco. In addition, MIM | ers in the United States. RSR Corp., | of capacity, or $300 million 1987 dollars. 
owns a secondary lead plant in Taiwan, | which is about equal to Doe Run in | That plant would incorporate all BAT, 
and Asarco is presently considering re- | lead production, on the other hand has | including total ambient ventilation, and 
entering that sector in the United | chosen to convert to electrowinning | collection of airborne particulates from 
States, representing lateral integration | with electrorefining of the metallic por- | all plant areas. A second option analyzed 
within one commodity, following the | tion of the scrap to penetrate the pre- | was that for three QSL-type bath fur- 
leadership of Doe Run. Other examples | mium market, now controlled by the | naces at a single location, estimated cap- 
would be SAMIM?’s involvement in | primary producers in the United States. | ital cost about the same as that for 
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rehabilitation of the existing three sepa- | 3.8 cents for the secondaries, requiring | type), was 29.4 cents. Although the 
rate plants. Over 90% of the costs in all | extensive retrofitting. The additional | latter has an inherent lower functional | 
three scenarios were attributed to the | 5.5 cents for the primary case allowed | processing cost as the feedstock does 

| requirements for improved airborne par- | for an additional (to 11.9 cents) esti- | not have to be dried, the capital recov- 

ticulate (on-site and offsite) and SO, | mated attendant 0.7 cent per pound | ery costs included are estimated to be 
emission controls. increase in the deductible byproduct | 1.7 cents per pound greater than that 

The average investment cost required | credit because of improved recovery | for a flash plant (Outokumpu-type).’ 
for the 24 secondary plants processing | (12.6 cents). Total required upgrading 

| batteries in 1987 to achieve existing to meet the existing 1987 regulations, ' International Lead and Zinc Study Group (London). 
regulatory compliance was estimated to | including taxes and return on invest- | {ead and Zinc Statistics. ILZSG Mon. Bull., v. 30, No. 

| average $124 per annual ton of plant | ment, would have resulted in total av- | 9, Sept. 1990, p. 18. | 
capacity for those studied. An average | erage costs of 29.3 cents per pound for *Page 33 of work cited in footnote 1. | 
additional cost of about $400 per an- | the primaries and 27.2 cents for the * American Metal Market. Apr. 18, 1990. 

nual ton of capacity was estimated and | secondaries. Updating these costs to “NASA Tech. Briefs. Apr. 1990, p. 22. 
would be required to meet the most | 1989 would require an additional aver- | — — May 1990, p. 34. 

| probable new lead NAAQS of 0.5 pg/ | age of 3 to 5 cents per pound in recov- Advanced Battery Technology. July 1989, p. 5. 
3 ° Isherwood, R. J., Smith, R. C., Kiehn, O. A., and 

m”. The latter cost was purely an esti- | erable metal feed costs for secondary Daley, M. R. Impact of Existing and Proposed Regula- 
mate based on secondary industry re- | plants because of higher prices for bat- | tions on the Domestic Lead Industry. BuMines OFR 
sponses to the Bureau of Mines for | tery scrap during 1988 and 1989. On | 55-88, Aug. 1988, 33 pp. 
probable equipment requirements. the primary side, however, the mine | | 

None of the foregoing estimates im- | and mill average costs have probably 
ply that investing the necessary capital | decreased at captive mines as a result of OTHER SOURCES OF INFORMATION 

expenditures would guarantee full com- | improved productivity, resulting in a 
pliance with all EPA, OSHA, or State | slight reduction of raw material feed | Bureau of Mines Publications 
requirements, in either the primary or | costs to the smelters. Some additional Lead. Ch. in Mineral Commodity 
secondary sectors. retrofitting costs at the smelters since Summaries, annual. 

With respect to basic operating costs | 1987 were probably offset by improved Lead. Ch. in Mineral Facts and 
only, the Bureau found that in 1987, | productivity resulting primarily from Problems, 1985 Edition. 
these averaged 22 cents per pound for | institutional changes at Doe Run, dis- Lead. Mineral Industry Surveys, 
the secondary plants studied and 20.8 | cussed earlier. monthly. 
cents for the primary plants, allowing It was estimated by the Bureau in Minerals Today, bimonthly. 
for 11.9 cents per pound byproduct | 1987 that an additional average retrofit 
credits in the latter case. After includ- | operating cost of at least 2 cents per | Other Sources 
ing taxes, capital recovery, and a 15% | pound on top of the capital require- ABMS Non-Ferrous Metal Data. 
discounted cashflow return on invest- | ments would be necessary for second- American Metal Market (daily paper) 
ment, total costs were 23.1 cents and | ary plants to meet a probable NAAQS Engineering and Mining Journal. 
23.8 cents, respectively. of 0.5 yg/m>. The proposed revised International Lead and Zinc Study 

Raw material feed costs, in recover- | drinking water standard, which will Group (ILZSG), special reports. 

able metal terms, averaged 14.2 cents | directly impact plant discharges and International Lead Zinc Research 
per pound for the primary plants and | process effluents, could double that Organization. (ILZRO). 
were assumed to be 9 cents for the | additional cost or more. For primary Lead Industries Association Inc. 
secondary plants. Regulatory costs for | plants, it is virtually certain that neither Metal Bulletin (London). 

these plants, on average, were 2.75 | total rehabilitation nor new BAT Metals Week. 
cents for primary and 3 cents for sec- | plants, flash or bath, could meet such a Mining Congress Journal. 
ondary at that time, but none of the | NAAQS revision. It was estimated in Mining Engineering. 
plants in either sector were in full com- | 1987 that a new flash plant would Mining Journal (London). 
pliance with all EPA and OSHA or | operate at 28.2 cents per pound, in- Mining World. 
State regulations. An additional aver- | cluding capital recovery and return on Skillings’ Mining Review. 
age cost per plant to meet the then | investment and discounting improved World Metal Statistics (World Bureau of 
existing regulations would have been | byproduct recovery credits of 12.8 cents Metal Statistics, Birmingham, United 

5.5 cents per pound for the primaries, | per pound. The comparable figure es- Kingdom) 
only by complete rehabilitation, and | timated for a new bath plant (QSL World Mining. 
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TABLE 20 | . 

PRODUCTION AND SHIPMENTS OF LEAD PIGMENTS! AND OXIDES IN THE UNITED STATES | 

Oo (Metric tons unless otherwise specified) _ | 

| 1988 1989 

Product Production Shipments Production Shipments 

weight" one Quantity Value? weight ow Quantity Value? 

White lead, dry W W W Ww WwW W | WwW W 

Litharge and red lead 83,719 77,747 84,065 $91,828,401 78,733 73,000 81,684 $82,655,677 

Leady oxide 467,736 444,350 NA NA 472,112 448,507 NA NA 

Total 551,455 522,097 NA NA 550,845 521,507 NA NA 

"Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. | 

' Excludes basic lead sulfate; withheld to avoid disclosing company proprietary data. 

2 At plant, exclusive of container. 

| TABLE 21 | | 

U.S. IMPORTS FOR CONSUMPTION OF LEAD PIGMENTS AND 

COMPOUNDS, BY KIND 

| Kind unetrie tons) (housands) 
1988 | 

White lead | 219 $297 | 
Red lead | 804 756 | 
Litharge 11,494 8,325 . 

Chrome yellow 3,999 7,720 . 

Other lead pigments 1,202 2,830 

Other lead compounds 1,724 2,363 | 

Total 19,442 22,291 

1989! nn Oc | 
White lead carbonate 191 240 

Red and orange lead 533 480 

Chrome yellow and molybdenum orange pigments 

and lead-zinc chromates 4,295 8,578 

Litharge 9,531 7,744 ~ 
Leady litharge 1 1 

Glass frits (undifferentiated) 6,219 . 9,987 

Total 20,770 27,030 

' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily 

comparable with those in 1988. 

Source: Bureau of the Census. 
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TABLE 22 | . | : | 

U.S. EXPORTS OF LEAD, BY COUNTRY | | | 

1988 1989! 

Country Quantity Value Quantity Value | 
(metric tons) (thousands) (metric tons) (thousands) 

Ore and concentrates (lead | 7 | 
content): | | | 

Australia 23 $9 — oo 

Belgium 1,035 445 1,114 $345 
~ Canada . 5,735 2,308 © 38,706 12,773 

Germany, Federal Republic | | 

of 332 100 — _ Do, | 

India 99 41 3,959 1,764 

Japan 6,609 4,694 1,646 759 

Korea, Republic of 370 144 733 308 | 

Mexico 72 21 944 303 

Netherlands 711 287 109 58 

Spain 1,224 577 7,788 6,383 | 

Taiwan 3,557 1,523 ' 748 243 

U.S.S.R. — — 485 303 | 

United Kingdom 741 336 441 125 

Venezuela 27 8 — —_— 

Other 367 185 365 152 | : | 
Total 20,902 10,678 57,0388 23,516 | 

Ash and residues (lead DC a a a . 

content): ? | 

Austria 16 41 — — | 

Belgium 14,637 7,892 9,560 5,221 

Canada | 314 225 18 19 

France 19 204 — — a 

Germany, Federal Republic | a 
of — 34 50 179 200 . 

Hong Kong 20 23 — — 

India — — 68 18 

Japan 17 20 — _ 

United Kingdom 418 318 125 140 

Other “8 35 10 14 

Total 15,483 8,808 9,960 5,612 

Unwrought lead and lead CO OO a 

alloys (lead content): 

Australia 202 222 87 133 

Belgium 5 10 25 61 

Canada 2,365 2,286 4,017 3,500 

Chile 132 165 250 280 . 

China (3) 3 978 7716 

Dominican Republic 88 89 7 6 

Germany, Federal Republic 

of 64 345 19 30 

Haiti 10 13 65 233 

Honduras 22 26 _ — 

| Hong Kong 8 14 108 100 

Indonesia — — 18 18 

Israel 478 377 3,377 2,579 

Italy 61 147 29 49 

Japan 99 123 1,619 1,873 

See footnotes at end of table. 
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TABLE 22—Continued | 

U.S. EXPORTS OF LEAD, BY COUNTRY 
| 

1988 1989! 
| Country Quantity —sValue.—=—SF Quantity. == Value ! 

(metric tons) (thousands) (metric tons) (thousands) ( 

Unwrought lead and lead | 
alloys (lead content)— | | 

Continued : 

Korea, Republic of 1,043 850 4,384 4,777 : 

Malaysia —~ — 3,005 2,114 | 
Malta 54 65 3 13 : 

Mexico 1,103 1,743 689 660 ! 
Netherlands 14 12 1,597 1,774 | | 

Peru _ _ 80 149 

Philippines 18 26 60 79 ) 
Saudi Arabia 22 76 — — : 

Singapore 77 48 4,010 — (3,409 | | 
South Africa, Republic of 73 79 9 54 | 
Sudan 608 549 170 169 | ! 
Taiwan 886 - 600 3,518 6,312 | | 

Trinidad 5 20 159 100 | . 
United Kingdom 31 36 127 575 | ! 
Venezuela 7 33 — — : | 

Other "71 "132 102 268 | 

Total _ } 7,546 8,089 28,512 30,091 ! 
Wrought lead and lead alloys TT 

_ (lead content): . | 

Antigua — — 18 $25 | | 

Argentina (?) . $2 6 24 : | 

Australia — — 7 73 | 

Barbados 1 5 10 51 , 

Belgium | CP) 2 11 33 | 
Bermuda — —_ 5 7 | 

British Virgin Islands — — 10 8 ! 
Canada 2,734 2,178 1,994 2,748 ! 

Chile 10 45 2 18 | 
Colombia ) 2 29 111 , ! 

Dominican Republic | 30 38 4 25 | 

Ecuador 4 7 27 63 : 

Egypt — — 5 2 , | 

Finland . — — 18 | 100 : 

France 77 179 62 430 

Germany, Federal Republic _ : 
OF 4 14 516 808 | 

_ Guatemala 7 7 10 35 

Haiti 7 61 21 72 | 

_ HongKong 6 37 115 410 

India — — 12] 231 

Israel 8 11 37 164 

tty 8 11 19 119 

_ Jamaica - 49 59 10 24 

Japan 174 260 312 1,255 

__Korea, Republicof 78 190 61 329 

Malta — — 12 83 

See footnotes at end of table. 
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TABLE 22—Continued 

U.S. EXPORTS OF LEAD, BY COUNTRY 

1988 1989! | 
Country | Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) 

Wrought lead and lead 

alloys (lead content)— 

Continued 

Mexico 2,533 3,899 1,110 2,999 

Netherlands 71 116 193 428 

Paraguay 23 35 — — 

Philippines 121 240 34 223 

Saudia Arabia — — 49 145 

Singapore 7 41 59 829 

Spain — — 167 747 

Sweden 1 20 14 94 

Taiwan 1 15 58 240 

Thailand — — 21 267 

United Arab Emirates — — 5 7 

United Kingdom 23 19 148 402 

Venezuela 60 288 23 102 

Other 11 "49 42 382 

Total 6,048 7,830 5,365 14,113 

Grand total ~ 49,979 «35,405. =—(‘<sé«i00~«875——(iti‘“‘é«s«SDC*” 
Scrap (gross weight): OO a a 

Bahamas — — 380 45 

Belgium 107 31 1,173 291 

Brazil 16,112 4,171 4,559 1,550 

Canada 12,480 3,900 10,646 4,658 

Chile — — 105 10 

China 398 89 3,054 703 

France 160 35 549 146 

Germany, Federal Republic 

of 2,788 579 1,618 363 

Honduras - — 50 5 

India 2,417 687 5,768 2,623 

Ireland 266 154 — — 

Israel | 820 614 — — 

Japan 120 290 1,296 4,060 

Korea, Republic of 3,198 960 3,655 4,601 

Mexico 11,112 2,221 10,755 2,854 ° 

Netherlands 391 108 3,010 728 

Netherlands Antilles — — 89 46 

Panama — — 96 26 

Philippines 99 24 26 5 

Saudi Arabia —_ — 1,573 288 

Singapore — — 272 159 

South Africa, Republic of 2,692 962 877 377 

Spain 4,720 1,116 6,155 690 

Taiwan 10,036 2,446 997 654 

Thailand 65 8 —_ — 

United Arab Emirates 98 24 91 21 

United Kingdom 6,731 2,719 2,232 886 
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TABLE 22—Continued 

U.S. EXPORTS OF LEAD, BY COUNTRY 

1988 1989! 

Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) : 

Scrap (gross weight)— 

Continued 
. 

Venezuela 6,972 2,034 739 174 

Other , "128 *40 144 202 

Total 81,910 23,212 59,909 26,165 | 

" Revised. 

'Because of the implementation of the Harmonized Tariff System in Jan. 1989, export categories for 1989 are not necessarily 
comparable with those in 1988. 

2 Before 1989, title was “Drosses and residues, including flue dust.” 

3 Less than 1/2 unit. 

Source: Bureau of the Census. 

TABLE 23 

U.S. EXPORTS OF LEAD! 

Blocks, pigs, anodes, etc. Wrought lead and lead alloys 

All forms Scrap Ash and 

Unwrought? Unwrought including foil Powder and (gross weight) residues” 
alloys ~ 3 flakes 

Y and wire 
ear ee —<$<——  ______. ean nen NES —_—_ —_—_ — 

Quan Value Quan- Value Quan: Value Quan- Value Quan- Value Quan Value 
y (thou- y (thou- y (thou- y. (thou- y (thou- y (thou- | — 

(metric sands) (metric sands) (metric sands) (metric sands) (metric sands) (metric sands) 

tons) tons) tons) tons) tons) tons) 

1987 3,367 $3,181 984 $1,741 5,686 $6,910 79 $113 52,823 $15,670 3,470 $2,589 

| 1988 6,413 6,196 1,133 1,893 5,848 7,582 200 248 81,910 23,212 15,483 8,808 

1989° 23,787 25,909 4,725 4,182 5,053 12,874 312 1,239 59,909 26,165 9,960 5,612 

'Lead content, unless otherwise specified. 

2 Includes bullion. 

3 Before 1989, title was “Sheets, plates, rods, other forms.” 

4 Before 1989, title was “Foil, powder, flakes.” 

> Before 1989, title was “Drosses, etc.” 
© Because of the implementation of the Harmonized Tariff System in Jan. 1989, export categories for 1989 are not necessarily comparable with those in 1987 and 1988. 

Source: Bureau of the Census. | 
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TABLE 24 

U.S. IMPORTS! OF LEAD, BY COUNTRY | 

(Lead content) | 

1987 | 1988 , 19897 

Country Quantity ~—-Vailue ~~ Quantity Value Quantity Value — 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Ore and concentrates: * 

Australia 1,724 $456 1,431 $631 1,910 $1,306 

Bolivia — — 377 191 36 12 

Canada 201,165 50,683 221,785 72,976 189,907 62,387 

Chile 3,231 985 3 1 — — 

China 3,568 2,203 — — — — 

Honduras — — — — 21 12 

Mexico 1,070 628 — — 40 27 

Peru 19,098 10,309 11,436 6,077 12,888 5,293 

Total 229,856 65,264 235,032 79,876 204,802 69,037 

Base bullion: an an DC SO 

Belgium-Luxembourg* 1,414 955 : 999 737 — — 

Canada — — _ 50 33 37 31 

China —_— — 34 15 345 173 

France 1,699 1,136 249 170 — — 

Germany, Federal Republic of 350 258 | — -_ — — 

Italy 1,250 904 — — — — 

Japan 1,800 1,165 _— — — — 
Korea, Republic of | 17 10 76 49 | — — 

Mexico 881 | 278 1,213 779 5,400 4,334 

Morocco . — — 376 267 — — 

Netherlands 1,749 1,276 — — — — 
Peru — — 501 354 — — 

Spain 1,200 886 — — — — 

Sweden — — 2,002 1,498 oo — 

United Kingdom 401 284 999 660 — | — 

Other 66 87 "50 33 — — 

Total 10,827 7,239 6,549 4,595 5,782 4,538 

Pigs and bars: a a Cc ee ne ne 

Australia 63 37 6,719 3,981 — — 

Belgium-Luxembourg* 4,950 3,299 499 310 41 25 

Bolivia 2 12 36 22 52 48 

Brazil — — (°) 2 1,510 974 

Canada 92,643 61,384 104,815 77,207 90,479 61,951 

China 574 357 653 403 6 5 

France 3,193 2,102 299 94 — — 

Germany, Federal Republic of 8,824 5,755 1,212 1,446 144 269 

Italy 1,800 1,232 1,800 1,139 1,731 1,238 

Japan 906 704 — — — — 

Macao 403 298 — — — _— 

Mexico 42,635 28,457 30,937 21,580 19,178 13,232 

Morocco 1,500 1,001 — — _— — 

Mozambique 87 66 _— — — —_— 

Netherlands 6,317 3,939 _ — — — 

Peru 350 189 — — 4,316 2,913 

Poland 2,500 1,535 — — — — 

Spain 5,999 3,887 — — — — 

See footnotes at end of table. 
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TABLE 24—Continued | 

U.S. IMPORTS‘ OF LEAD, BY COUNTRY 

| | (Lead content) 

o | / 1987 | 1988 19892 | 
| Country. Quantity Value Quantity Value Quantity ~ Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

_Pigs and bars—Continued . 

Sweden | - 9,086 5,887 — — — — 

Switzerland | 201 141 «58 40 — oo 
United Arab Emirates — — 8 44 296 510 
United Kingdom 4,039 3,180 88 161 — — 

Venezuela _— — — . — 126 81 

Yugoslavia 1,020 634 — — 277 319 

Zambia 903 612 — — — — 
Other "gi 134 r(°) r(°) — — 

Total 188,076 124,842 147,124 106,429 118,156 81,565 

| Reclaimed scrap, including ash an a DC 

Canada 3,062 1,600 2,854 1,230 487 182 
Costa Rica : 2 1 52 28 _ — 

Hong Kong 48 31 — — _— —_ 

Japan 323 185 16 90 (°) 4 

Malaysia 38 23 — — — — 

Mexico 3,034 1,230 — 4,202 1,845 — — 

Netherlands Antilles — — 22 . 3 332 169 

Panama | 44 , 23 92 53 — — 
Philippines 17 10 — — — — 

United Arab Emirates | — — 25 78 — oo 

Other 19 | 25 | 26 12 — : — 
Total 6,587 3,128 7,289 3,339 819 355 

Grand total 435,346 200,473 — 395,994 194,239 — ~~ 329,559 155,495 — 
" Revised. 

'Data are “general imports;” that is, they include lead imported for immediate consumption plus material entering the country under bond. 

2 Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those in 1987 and 1988. 

3 Also includes other lead-bearing materials containing greater than 5 troy ounces of gold per short ton, or greater than 100 troy ounces of total precious metals per short ton. 

4For 1987, Belgium and Luxembourg combined, data not available to separate; 1988 and 1989 are data for Belgium only. 

> Less than 1/2 unit. 
© Revised to zero. 
7 Also includes other lead-bearing materials containing greater than 10% by weight of copper, lead, or zinc (any one). 

8 Before 1989, title was “Reclaimed scrap, including drosses.” 

Source: Bureau of the Census. 
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TABLE 25 

U.S. IMPORTS FOR CONSUMPTION OF LEAD, BY COUNTRY 

. 1987 1988 1989! 

Country Quantity Value Quantity Value Quantity Value 
. (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Ore and concentrates (lead 

content): ? | | 

Australia - — 6,656 $3,508 — — 
Canada — 696 $231 8,171 3,995 2,124 $830 

Honduras — — 1,396 1,016 21 11 

Mexico 177 77 — — 40 : 27 

Peru — — 4,383 2,705 2,937 1,107 

Total 873 308 20,606 11,224 5,122 1,975 

Base bullion (lead content): DO a OO a 

Belgium-Luxembourg? 1,414 955 999 : 737 — — 

Canada — — 50 33 37 31 

China — — 34 15 345 173 

France 1,699 1,136 249 , 170 — — 

Germany, Federal Republic of 350 258 — — — — 

Italy 1,250 904 — | — — oo 
Japan 1,800 1,165 — — — — 
Korea, Republic of — — 76 49 — — 

Mexico 881 278 1,213 779 5,400 4,334 

Morocco — — 376 267 — — 
Netherlands 1,749 1,276 — — — — 

Spain 1,200 886 — — — — 

United Kingdom 401 284 999 660 — — | 

Other 83 , 97 50 "33 — — 

Total 10,827 7,239 4,046 2,743 5,782 4,538 

Pigs and bars (lead content): a SO a a a a 

Australia 63 37 6,719 3,981 — — 

Belgium-Luxembourg > 4,950 3,299 499 310 41 25 

Bolivia 2 12 36 22 52 48 

Brazil — — (*) 2 1,510 974 

Canada | 92,643 61,384 104,815 77,207 90,479 61,951 

China 574 357 653 403 | 6 5 
France 3,193 2,102 299 94 — — 

Germany, Federal Republic of 7,325 4,682 2,713 2,519 144 269 

Italy 1,800 1,232 1,800 1,139 1,731 1,238 

Japan 906 704 — — — — 

Macao 403 298 — — — _— 

Mexico 42,635 28,457 30,916 21,562 18,703 12,900 

Morocco 1,500 1,001 — — — — 

Mozambique 87 66 — — — — 

Netherlands 6,317 3,939 — — — — 

Peru 350 189 — — 2,316 1,543 

Poland 2,500 1,535 — — — _— 

Spain 5,999 3,887 — — — —_ 

Sweden 9,086 5,887 — — — — 

Switzerland 201 141 58 40 —_ — 

United Arab Emirates — — 8 44 296 510 

United Kingdom 4,039 3,180 88 161 277 319 

Venezuela ~~ — — — 126 81 
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| | ~ ‘TABLE 25—Continued | - 

U.S. IMPORTS FOR CONSUMPTION OF LEAD, BY COUNTRY | | 

- 1987 1988 — 1989! 

Country Quantity - Value Quantity Value | Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Pigs and bars (lead content)— | i | 
Continued | | . 

Yugoslavia 1,020 | 634 — — — _— 

Other “80 "134 r() r(°) — : — 

Total | 185,673 123,157 148,604 107,484 115,681 79,863 - 

Reclaimed scrap, including ash 

and residues (lead content): ° ’ 

Canada : 3,062 1,600 2,854 1,230 345 113 

Costa Rica 2 | 1 52 28 — — 

Hong Kong 48 31 | _ — — _ 

Japan 323 185 16 90 (*) : 4 | 

Malaysia 38 23 — — —_— — 

Mexico 3,034 1,230 4,202 1,845 — — 

Netherlands Antilles — — 22 3 | 332 169 

Panama | 44 23 92 53 — _ 

Philippines 17 | 10 — — — — 

United Arab Emirates — — 25 78 — — 

Other 19 25 26 12 | — _ 

Total 6,587 3,128 7,289 3,339 677 286 

Grand total a 203,960 133,832 180,545 124,790 127,262 86,662 | 

Wrought lead, all forms, 

including wire and powders : 
(gross weight): ® | 

Belgium-Luxembourg* 18 38 32 | 65 68 181 

Canada 352 414 283 472 770 1,257 

China — — — — | 279 719 

Germany, Federal Republic of 256 827 199 494 244 837 

Italy 55 110 39 87 50 160 
Japan 128 2,338 3 76 37 393 

, Mexico 180 121 2,285 1,280 2,539 1,797 

Peru 622 360 40 28 | 1,284 927 

Spain 118 140 45 101 7 117 

Taiwan 6 12 7 18 248 658 

United Kingdom 1,047 895 478 586 406 989 

Other rll "46 "34 "73 136 1,041 

Total . 2,793 5,301 3,445 3,280 6,068 9,076 

" Revised. 

' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those in 1987 and 1988. 

2 Also includes other lead-bearing materials containing greater than 5 troy ounces of gold per short ton, or greater than 100 troy ounces of total precious metals per short ton. 

3 For 1987 Belgium and Luxembourg combined, data not available to separate; 1988 and 1989 data are for Belgium only. 

“Less than 1/2 unit. 

5 Revised to zero. 
6 Also includes other lead-bearing materials containing greater than 10% by weight of copper, lead, or zinc (any one). 

7 Before 1989, title was “Reclaimed scrap, etc.” 

8 Before 1989, title was “Sheets, pipe, shot, other forms.” 

Source: Bureau of the Census. 
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| ‘TABLE 26 | | 

U.S. IMPORTS FOR CONSUMPTION OF LEAD?! 

Blocks, pigs, anodes, etc. : Wrought lead and lead alloys 

| (gross weight) ; 
er — Scrap Drosses, etc. 

| Unwrought2 Unwrought Sheets, plates, _ Foil, powder, 

Year & ° alloys — rods, other forms flakes | : 

Quan- Value Quan: Value Qvan- Value quan Value Sr Value Sige Value 
ny (thou- ny (thou- Ny (thou- y (thou- . (thou- “. (thou- 

(metric sands) (metric sands) (metric sands) (metric sands) (metric sands) (metric sands) 

tons) _ | tons) . . tons) tons) tons) tons) 

1987 182,852 $119,444 13,648 7 “$10,952 2,483 $2,768 310 $2,533 ~ 6,088 $2,805 499 $323 

1988 137,598 97,565 15,052 12,662 3,331 3,101 114 179 6,938 3,094 351 245 

. Wrought lead and lead alloys | 
Blocks, pigs, anodes, etc. (gross weight) - . | 

Tee Siti chests CBs pods Scrap _ Ash and 
2 Unwrought trip, sheets, ars, TORS, Powders and residues 

Unwrought allovs plates, and tubes, pipe, flakes 

Year y foil wire, fittings , 

Quan Value Quan: . Value Quan- Value Quan: Value quan Value inn Value Site Value 
ny (thou- ny (thou- y (thou- y (thou- ye (thou- . (thou- . (thou- 

(metric sands) (metric sands) (metric sands) (metric sands) (metric sands) (metric sands) (metric sands) 

tons) tons) tons) tons) tons) tons) tons) | 

1989? 102,319 $71,823 19,144 ($12,578 718 $1,356 5,337 $7,670 13 $50 — — 677 ~— $286 

'Lead content, unless otherwise specified. ° 

2 Includes bullion. OO . 
3 Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those in 1987 and 1988. 

Source: Bureau of the Census. | 

TABLE 27 | 

U.S. IMPORTS FOR 

CONSUMPTION OF 

MISCELLANEOUS PRODUCTS 

CONTAINING LEAD! | : 

Gross Lead 
. Value 

weight content 
Year . , (thou- 

(metric (metric sands) : 

tons) tons) | 

1986 1,016 517 $3,810 

1987 970 515 4,185 | 

1988 1,623. 992 8,838 

19892 1,789 852 11,908 | 

' Babbitt metal, solder, white metal, and other lead-containing 

combinations. 

2 Because of the implementation of the Harmonized Tariff System 

in Jan. 1989, import categories for 1989 are not necessarily 

comparable with those in previous years. 

. Source: Bureau of the Census. 
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By M. Michael Miller | 

Mr. Miller, a physical scientist with 12 years of minerals experience with the Department of the Interior, has been the 
| commodity specialist for lime since 1989. Domestic survey data were prepared by Blanche S. Hughes, mineral data assistant; 

and the world production table was prepared by Harold D. Willis, international data assistant. 

otal lime sold or used by do- | RCRA was amended (the Bevill | plies to mineral processing wastes. Title 
; mestic producers, including | Amendment) to exclude “solid waste | 40 Code of Federal Regulations Part 

that from Puerto Rico, re- | from the extraction, beneficiation, and | 261—Identification and Listing of 
mained essentially unchanged | processing of ores and minerals” from | Hazardous Wastes, § 261.4 Exclusions, 

at 17.2 million tons in 1989. These | regulation as hazardous waste under | was amended to include a revised defi- 
products, valued at over $856 million, | subtitle C of RCRA, pending comple- | nition of “beneficiation” in paragraph 
included quicklime and hydrated lime | tion of certain studies by EPA. In a | (b)(7): “Solid waste from the extrac- 
for commercial sale or captive con- | 1988 reinterpretation of the Bevill ex- | tion, beneficiation, and processing of 
sumption. Commercial sales increased | clusion, EPA proposed to include “air | ores and minerals. . . .” The definition 
for the third straight year and were at | pollution control dust from lime kilns” | of “beneficiation” was revised to in- 
their highest level since 1979. Captive | within the exclusion, which would then | clude the following activity: “calcining 
consumption decreased to the lowest | be studied in a report to Congress and | to remove water and/or carbon diox- 
level since the Bureau of Mines first | be subject to a subsequent regulatory | ide.” Calcining at lime plants is de- 
collected accurate data on captive pro- | determination pursuant to section 3001 | signed to drive off carbon dioxide, and 
duction in 1958. of RCRA. However, on September 1, | EPA has ruled that lime kiln dust now | 

| 1989, in response to a Federal Appeals | falls within the definition of solid waste 

Cs Court directive, EPA published a final | from beneficiation and is therefore ex- 
DOMESTIC DATA rule to narrow the exclusion as it ap- | cluded from regulation under RCRA.! 

COVERAGE 

Domestic production data for lime are 
developed by the Bureau of Mines from TABLE 1 
two separate voluntary surveys of U.S. SALIENT LIME STATISTICS | 
operations. The survey used to prepare 
this report is the annual “Lime” survey. (Thousand short tons unless otherwise specified) | 

Of the 116 operations to which the an- 

nual survey request was sent, 114 re- 1985 1986 1987 1988" 1989 

sponded, representing 98% of the total | United States:! 
sold or used by producers shown in table Number of plants 115 116 116 115 115 
2. Production for the two nonrespon- | — sold or used by producers: ESO 

dents was estimated using reported prior- | ~~ Quicklime «12,997 11,850 12,979 13,773 14,065 
year production figures. - Hydratedlime §  ___2,314 2,199 2,468 2,531 2,461 

Dead-burned dolomite 378 424 285 748 625 

Total? 15,690 14,474 15,733 17,052 17,152 : 

LEGISLATION AND =| _tiue!_tasans_ yam nae verage value per ton . . . . . 

GOVERNMENT PROGRAMS Lime sold 13,409 12,097 13,105 14,736 15,016 

Lime used 2,281 2,377 2,628 2,317 2,135 

Section 3001 of the Resource Conser- Exports* 19 16 13 15 32 

vation and Recovery Act (RCRA), en- Imports for consumption * 194 201 178 210 218 

acted on October 21, 1976, mandated | Consumption, apparent® 15,865 14,658 15,898 17,248 17,337 
that the Environmental Protection | Word: Production __—=—=———135,446 "135,496 139,393 146,308 °149, 184 
Agency (EPA) “promulgate regulations | -oinaca ?prliminry. ‘Resed=SO*=~“~*‘“‘S*~S~*‘S™SN#SO#*#*;*;”! 
identifying characteristics of hazardous | 'gExctudes regenerated lime. Excludes Puerto Rico. 
waste, and listing particular hazardous “Data may not add to totals shown because of independent rounding. 

wastes which shall be subject to the | . Sune vane: (0». plant, cxcluding cost of containers. 
pr ovisions of this subtitle.”’ In 1980, 5 Calculated by sold or used plus imports minus exports. 
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a 

PRODUCTION marble, and shell. Lime is also regener- Co. in Missouri; Marblehead Lime Co. 
‘| ated; that is, produced as a byproduct, | with two plants in Illinois and one each 

| by paper mills, carbide plants, and water | in Indiana and Michigan; Chemstar 
The term “lime,” as used throughout | treatment plants; however, regenerated | Inc. with two plants each in California 

this chapter, refers primarily to six chem- | lime is beyond the scope of this report. | and Nevada and one each in Arizona and 
icals produced by the calcination of high- Total U.S. lime production from lime- | Utah; Martin Marietta Corp. in Ohio; 
purity calcitic or dolomitic limestone fol- | stone, including that of Puerto Rico, was | APG Lime Co. with one plant each in 
lowed by hydration where necessary. | essentially unchanged. Commercial lime | Texas and Virginia; Allied Lime Co. with 

| They are: (1) quicklime, calcium oxide | sold by producers increased by 282,000 | two plants in Alabama; Chemical Lime 
(CaO); (2) hydrated lime, calcium hy- | tons from the previous year. Captive lime | Southwest with two plants in Texas; Con- 
droxide (Ca(OH),); (3) dolomitic quick- | used by producers decreased by 182,000 | tinental Lime Inc. with one plant each in 
lime (CaO*Mg0O); two types of dolomitic | tons or nearly 8% compared with the | Montana, Nevada, Utah, and Washing- 
hydrate, (4) type N (Ca(OH),*Mg0O) and | previous year. ton; and Wimpey Minerals PA Inc. (for- 
(5) type S (Ca(OH),*Mg(OH),); and (6) In 1989, 72 companies produced | merly Broyhill and Associates) with two 
dead-burned dolomite. Nondolomitic | lime. Leading producing companies, in | plants in Pennsylvania. These 10 compa- 

quicklime and hydrated lime are also | descending order, were Dravo Lime Co. | nies operated 28 plants and accounted 
called high-calcium lime. Lime can also | with two plants in Kentucky, one plant | for 57% of total lime production. 
be produced from a variety of calcareous | in Alabama, and one plant in Texas Domestic lime plant capacity is 
materials such as aragonite, chalk, coral, | (subsequently sold); Mississippi Lime | based on 365 days minus the average 

TABLE 2 

LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY STATE! 

1988" 1989 

Hydrat icklim Total? Hydrated uicklime Total? 
State Plants (thousand (Ghousand ~ (thousand (thousan ds) Plants (thousand (Ghousand (thousand (thowsen ds) 

short tons) short tons) short tons) short tons) short tons) short tons) 

Alabama 5 159 1,291 1,450 $66,576 5 162 1,319 1,481 $70,361 

Arizona 3 66 607 674 29,637 3 WwW W W W 

Arkansas, Louisiana, | 
Oklahoma 4 59 201 259 14,325 3 71 214 286 15,548 

California 11 W W 458 20,242 11 W W 395 24,503 

Colorado, Nevada, Wyoming 8 W W 290 21,152 9 W W 357 24,136 

Hawaii, Oregon, Washington 5 WwW W 409 26,431 4 W W 393 26,348 

Idaho 3 — WwW Ww WwW 3 Ww WwW WwW Ww 

Illinois, Indiana, Missouri 8 412 3,190 3,602 163,051 8 458 3,196 3,654 168,979 

Iowa, Nebraska, South 

Dakota | 4 Ww Ww Ww Ww 4 WwW Ww WwW WwW 

Kentucky, Tennessee, West 
Virginia 5 110 1,668 1,777 84,334 5 117 1,529 1,624 89,859 

Maryland 1 3 3 6 329 — —_ _ — — 

Massachusetts 2 16 W WwW W 2 W W W W 

Michigan 8 75 639 714 36,088 8 W W 621 32,479 

Minnesota and Montana 7 — W W W 7 W W W WwW 

North Dakota 3 86 22 108 7,094 3 85 22 107 5,439 

Ohio 9 W W 2,065 87,431 9 W W 1,888 94,157 

Pennsylvania 10 298 1,343 1,641 91,214 10 300 1,360 1,660 92,139 

Puerto Rico l 25 — 25 3,802 1 26 — 26 3,800 

Texas 7 484 708 1,192 55,935 8 367 937 1,304 60,829 

Utah 4 WwW W 365 17,252 4 WwW Ww 373 17,974 

Virginia 5 143 598 741 33,875 5 170 650 | 821 38,353 

Wisconsin 3 122 329 452 23,986 4 120 317 437 18,129 

Other? OO. 497 3,923 849 38,938 (*) 611 5,146 1,750 72,880 

Total? 116 2,555 14,522. «17,077 -—Ss«821,695 Ss 116—SSS—« 487 14,690 17,178 855,913 
. "Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 

' Excludes regenerated lime. Includes Puerto Rico. 

2 Data may not add to totals shown because of independent rounding. 

3 Includes data indicated by the symbol W. 

‘Included with data for each individual State. 
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number of days for maintenance, times TABLE 3 | 

the average 24-hour capacity of quick- | [JME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, ! 
lime production, including quicklime BY SIZE OF PLANT 
converted to hydrated lime, and re- 

ported in short tons per year. Specific TTT Sg 
plant capacity data were available for ———ouantity ——cmantiy 
75 "0 of commercial lime plants - A Size of plant Plants (thousand PeF*Mt- ants (thousand Percent 
weighted average for capacity utiliza- short tons)  ° ‘otal short tons) % total 
tion was calculated from specific plant Lessthan10,000toss. 414 ° °  «2©§99 4,1 2 +4144 QQ 
capacity data and the percentage of 10,000 to 25,000 tons. —S—t«20 338 > 49 318 > 
capacity utilized at each plant. Based 25,000 to 50,000tons (‘ik 512 3 is 585 3 

on these calculations, the domestic | ————— — 
lime industry operated at 78% of ca- | 22:00 to 100,000 tons = 16 1,202 7 21 1,496 ? 
pacity in 1989. 100,000 to 200,000 tons 22 3,099 «+a 20 2,883 M7 

200,000 to 400,000 tons 22 5,537 33 21 5,844 34 

New Plants, Expansions, and More than 400,000 tons 9 6,299 36 8 5,979 35 

Changes Total? : “116 17,077 100 116 17,178 100 
Continental Lime Co., a_ wholly | ‘Revisea. 

owned subsidiary of Continental Lime , Excludes regenerated lime. Includes Puerto Rico. 

. . . Less than 1/2 unit. 

Ltd. of Canada, opened its new Pilot 3 Data may not add to totals shown because of independent rounding. 

Peak lime plant at Wendover, NV. A used | 
E.L. Smidth rotary kiln with a preheater 
of Continental design was installed. The nickel by precipitation. 
plant has a capacity of 120,000 tons per CONSUMPTION AND USES © Lime was used in the softening and 
year. St. Clair Lime Co. added a 10- clarification of municipal potable wa- 
ton-per-hour hydrating system to its Lime was consumed in every State. | ter. In sewage treatment, lime was used 
Marble City plant in eastern Oklahoma. | The breakdown of consumption by ma- | to control pH in the sludge digester, 
The system’s major component is an | jor end uses was as follows: 66% for | which removes dissolved and_sus- 
Italian Cimprogetti three-stage hydrator, | chemical and industrial uses, 22% for | pended solids that contain phosphates 

the first of its kind in North America. | environmental uses, 8% for construc- | and nitrogen compounds. It also aided 
Germany Valley Limestone at Riverton, | tion uses, and less than 4% for refrac- | clarification and killing of bacteria. 
WV, announced plans to construct anew | tory dolomite. Captive lime was used | Lime was used to neutralize acid mine 
preheater lime kiln to replace two existing | mainly in sugar refining and in the | and industrial discharges. In flue gas 
kilns. Startup was expected to be in the | production of steel in basic oxygen | desulfurization systems serving utility 
spring of 1990. furnaces. and industrial plants, lime was used to 

Allied Products Co. of Birmingham, In steel refining, quicklime was used | react with sulfur oxides in the flue gas. 
AL, sold its lime division to Chemical | as a flux to remove impurities such as | Lime was used to stabilize sludges from 
Lime Co. of Fort Worth, TX. The | phosphorus, silica, and sulfur. Dolo- | sewage and desulfurization plants be- 
Alabaster and Montevallo plants in | mitic lime was often substituted for a | fore disposal. 
Shelby County, AL, were renamed Al- | fraction of the high-calcium lime to The paper industry used lime as a 
lied Lime Co. Dravo Lime Co. sold its | extend refractory life. Dead-burned do- | causticizing agent and for bleaching pa- 
Round Rock division, located 60 miles | lomite, also called refractory lime, was | per pulp to the desired degree of white- 
southwest of Dallas, TX, to Texas Lime | used to line the bottom of open-hearth | ness. Lime was also used in the clarifica- 
Co. of Cleburne, TX. The sale included | steel furnaces to extend the life of the | tion and color removal of paper mill 
the Blum lime plant and 1,200-acre | brick lining. Dead-burned dolomite | wastes and to make precipitated calcium 
limestone quarry. Broyhill and Associ- | was a component in tar-bonded refrac- | carbonate, a specialty pigment used in 
ates was sold to George Wimpey Plc., a | tory brick used in basic oxygen fur- | premium-quality coated and uncoated 
large construction company based in | naces. Lime consumption for raw steel | papers. 
the United Kingdom. The sale included | production decreased 5% to 5.0 million The chemical industry used lime in 
the limestone quarries and lime plants | tons and accounted for 29% of all lime | the manufacture of alkalies. Quicklime 
in Hanover and Annville, PA. USG | consumed in the United States. was combined with coke to produce 
Corp. sold its lime plant in Genoa, OH, In nonferrous metallurgy, lime was | calcium carbide, which was used to 
to a management group from Belle- | used in the beneficiation of copper ores | make acetylene and calcium cyanide. 
fonte Lime Co. of Bellefonte, PA. Con- | to neutralize the acidic effects of pyrite | Lime was used to make calcium hy- 
tinental Lime Ltd. sold its precipitated | and other iron sulfides and maintain | pochlorite, citric acid, petrochemicals, 
calcium carbonate (PCC) plants in St. | the proper pH in the flotation process. | and other chemicals. 
Helens, OR, and Prince Albert, | It was used to process alumina and In sugar refining, milk of lime, a 
Saskatchewan, to Georgia Kaolin Co., | magnesia, to extract uranium from gold | suspension of hydrated lime in water, 
a subsidiary of Combustion Engineer- | slimes, to control pH and reduce cya- | was used to raise the pH of the product 
ing Inc. Continental retained owner- | nide loss in gold and silver leaching | stream, precipitating colloidal impuri- , 
ship of its PCC plant in Takoma, WA. | operations, and in the recovery of | ties. The lime itself was then removed 
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by reaction with carbon dioxide to pre- TABLE 4 

cipitate calcium carbonate. The carbon DESTINATION OF SHIPMENTS OF LIME SOLD OR USED BY 
cloxide was obtained as a byproduct of PRODUCERS IN THE UNITED STATES, BY STATE! 

ime production. 
Dolomitic quicklime was used as a (Thousand short tons) 

flux in the manufacture of glass. a 
Quicklime was used to make calcium 1988" 1989 _ 
silicate building products; such as State Laas Hydrated ats Hydrated 
sand-lime brick: hydrated lime was , Quicklime “Time Total* — Quicklime — ‘lime Total? 
used to produce silica refractory brick. | Alabama 479 45 524 483 47 529 

In construction, lime was used for | Alaska 1 1 2 3 1 3. 
soil stabilization to upgrade clay soils | Arizona 371 92 463 257 70 326 
into satisfactory base and subbase ma- | Arkansas 98 21 119 183 31 214 
terials. Common applications included California. tS 579 110 689 479 127 606 

the construction of roads, airfields, Colorado. 98 8 107 61 i! 7 

building foundations, earthen dams, | ————————— 
and parking areas. Hydrated lime was Connecticut I ° 20 18 10 27 
used with fly ash to make a base mate- | Delaware 14 u 21 12 4 16 7 
tial, in asphalt mixes to act as an | District of Columbia _ 16 28 44 15 26 41 
antistripping agent, and in plaster, | Florida ALB 22 435 392 18 410 
stucco, and mortar to improve durabil- | Georgia __ 264 80 344 314 81. 395 
ity. Other applications of lime included | Hawaii 2) 3 3 _ — _ 

agricultural uses, leather tanning, plas- | Idaho 118 3 / 120 137 2 139 |. 

tics manufacture, and pigments. Illinois «538 110 648 575 144 719 
| Indiana 1,564 26 1,590 — 1,527 30 1,557 

Iowa 113 16 129 70 22 92 

| Kansas 70 18 88 72 24 96 

PRICES | Kentucky 472 20 493 482 27 510 
- Louisiana 252 111 363 272 (98 370 

The average value of lime sold or used | Maine. () 1 I (*) ot | 
by producers, as reported to the Bureau | Maryland 354 22 376 328 19 347 
of Mines on an f.o.b. plant basis, in- | Massachusetts 135 13 148 148 12 160 

creased to $49.83 per ton (revised 1988 | Michigan 1,091 83 1,174 1,138 40 1,178 

value was $48.12). Average values were | Minnesota 175 149 324 157 145 301 

$48.17 per ton for chemical and indus- | Mississippi | 180 8 188 175 6 182 
trial lime (revised 1988 value was $46.46), Missouri 182 63 245 183 55 237 

$61.30 for construction lime, $55.43 for | \ontana StS 1 wy 139 132 3 145 
lime used in agriculture, and $65.10 for Neouska 57 5 61 66 16 142 

refractory dolomite. ak Nevada” 133 25 158 212 37 249 
The average value of quicklime sold | —————-____—_ 

increased to $47.42 per ton. Average | New Hampshire I I — I 
values per ton were $47.01 for chemical | New Jersey 112 26 138 101 22 123 
lime (revised 1988 value was $45.88), | New Mexico 95 15 110 187 33 220 
$43.66 for construction lime, $44.76 | New York 88 37 125 71 41 112 
for lime used in agriculture, and $60.99 | North Carolina 239 31 270 191 36 228 

for refractory dead-burned dolomite. North Dakota 127 90 217 123 88 211 

The average value of hydrated lime | Ohio | 1,668 154. 1,821 1,369 139 1,508 
sold increased to $62.16 per ton. Aver- | Oxjiahomatt—C—tS 124 g 132 104 6 111 
age values were $56.60 for chemical Oregon tS™SW 123 25 148 115 25 141 

lime (revised 1988 value was $58.45), | poonsyivania—s~—ts«éi; 686 234 1,920 1,826 233 2,059 
$69.75 for lime used in construction, | ———————_—__ 3 5 4 
and $59.66 for lime used in agriculture. Rhode Island © 2 

Traditionally lime has been a low- South Carolina 154 16 170 218 23 241 
priced commodity. Its average annual | South Dakota 19 | 21 24 2 26 
price ranged from $4 to $15 per ton Tennessee 177 57 235 183 55 238 

from 1910 to 1970. It was only in the | Texas 716 501 1,217 947 369 1,316 
1970’s, when energy prices escalated, | Utah 201 8 209 224 18 242 

that lime prices increased dramatically. | Vermont (>) 1 I — 1 ] 
This increase continued into the 1980’s, | see footnotes at end of table. 
although in recent years prices have 

658 LIME MINERALS YEARBOOK—1989



TABLE 4—Continued lime production in Brazil, roughly two- 

DESTINATION OF SHIPMENTS OF LIME SOLD OR USED BY _ thirds of the total production came 
_ PRODUCERS IN THE UNITED STATES, BY STATE’ | from 20 companies. The two largest 

producers were Ical-Industria de Calci- 

(Thousand short tons) nocao S.A. and Itai N. Granja-Arcos, 
_| which together produced over 1 million 

1988* 1989 tons of quicklime and hydrate. Lime 
State Quicklime Hydrated Total? Quicktime Hydrated = qopq2 | WAS consumed by the domestic iron and 

ime | | lime steel industry, for construction, and in | 
Virginia 133 87 220 151 40 191 | paper and pulp manufacture. These 

Washington | 250 18 268 ~  250- - 21 271 | three markets accounted for over 70% 

West Virginia 438 35 473. ——“‘<«é‘«CACTYL 51 522 | of consumption. 
Wisconsin 115 50 165 112 47 159 | 
wyoming 71 20 90 68 19 87 Cana da 

Total 14,440 2,528 16,970 14,628 2,449 17,076 , | 
Exports) — Energy, Mines and Resources Can- 

SS _ -- | ada reported production in 1989 from 
_Canada 31 6 36 35 13 48 | 13 producers operating 18 plants. The 
_Othercountries* 9 45— 26 TKK | major end uses for quicklime were 

Total 76 32 107 63 39 102 | steelmaking (53%), environmental uses 
Grand total? 14,516 2,560 17,077 14,691 2,488 17,178 | (16%), pulp and paper manufacture 

(Revise. | | | (13%), and chemicals (8%). The major 
, Excludes regenerated lime. end uses of hydrate were environmental 
ene in “we totals shown because of independent rounding. uses (60%) and in construction (11%). 

Includes U.S. possessions. The Canadian lime industry will 

| grow significantly in the next few years. 
Plans have been announced for expan- 

leveled off in the range of $48 to $50 | arequest from the Government of Mex- | sion projects or for new plant construc- 
per ton. When comparing prices over | ico on July 21, 1988. As a result of the | tion in New Brunswick, Quebec, On- 
the past 20 years, based on constant | review, on November 30, 1989, the De- | tario, Alberta, and British Columbia. 
1989 dollars, two trends become evi- | partment of Commerce published a | These projects will involve the follow- 

| dent. From 1970 to 1979 prices in- | notice of final results revoking the | ing companies: the Havelock Lime di- 

creased steadily, finishing the decade | 55.89% countervailing duty on imports | vision of Dickenson Mines Ltd. in New 

up 52%. From 1980 to 1989 prices | of Mexican lime from Bomintzha, ret- | Brunswick, the Domlim and Jolichaux 
decreased steadily, finishing the decade | roactive to August 24, 1986.7 divisions of Graybeck Inc. in Quebec, 
down 24%. : , the Société Dolo-Mine Inc. in Quebec, 

Beachvilime Ltd. in Ontario, Dymond 
ss Clay Products Lid. in Ontario, Summit 

Cd} (WORLD REVIEW Lime Works Ltd. in Alberta, and the 
FOREIGN TRADE —_,__—#—————-——_| Texada Lime division of BP Resources 

TT Canada Ltd. in British Columbia. 
a In October 1989, the National Lime | Most of this new capacity should come 

Exports and imports of lime both | Association hosted the Executive Com- | on-line during 1990 and 1991. 

increased in 1989. Exports increased by | mittee meeting of the International Lime 
116% to 32,241 tons, and imports in- | Association in Williamsburg, VA. Final - 

creased by about 4% to 217,656 tons. | plans were discussed for the Seventh In- | Germany, Federal Republic of 
Most U.S. trade was with Canada, | ternational Lime Association Congress, The West German lime industry con- 

_| which accounted for over 85% of the | to be held in Rome, Italy, September | tinued to benefit from a strong econ- 
U.S. imports and exports of lime. 12-14, 1990. The Congress will include | omy. Expansion by the construction 

On September 11, 1984, the U.S. | presentation of about 20 technical papers | and iron and steel industries buoyed 
Department of Commerce published a | and an exhibit by lime and limestone | lime sales, despite increased competi- 
countervailing duty order on lime from | equipment manufacturers. tion from both Eastern and Western 
Mexico. The order established rates of Europe. The Federal Republic of Ger- 
55.89% for Sonocal S.A. de C.V. and many ranked fifth in the world in lime 

1.21% for all others subject to the Brazil* production. 
order. After the purchase of Sonocal by It is estimated that Brazil produced 
a private cooperative (Sociedad Coop- | over 6 million tons of lime in 1989. 
erativa E.E.R.R. Bomintzha, S.C.L.) | Over 75% of production came from the | Sweden 
in 1986, Commerce initiated a changed | states of Minas Gerais, Sao Paolo, and The Swedish lime industry consisted 
circumstances administrative review of | Parana. Although there were two to | of three commercial producers of 
the countervailing duty order following | three hundred companies involved in | quicklime and hydrate and three cap- 
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en | 

TABLE 5 | 

- | LIME SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! 

| (Thousand short tons and thousand dollars) | | 

I 

Use | 1988" | 1989 | 

Sold _ Used Total? Value Sold Used Total? Value | 

Agriculture ___ 50 _— __ 50 2,956 56 — 56 3,077 | 

| Chemical and industrial: TO — a a ~ | 

Acid water, mine or plant 398 — 398 18,788 251 — 251 11,332 

| Alkalies | | W WwW 101. 5,370 WwW WwW 164 © 3,452 ! 

Aluminum and bauxite 171 — 171 7,617 169 — 169 3,383 

Copper ore concentration WwW W 682 28,988 WwW WwW 419 18,821 

Food products, animal or human 25 — 25 1,222 28 — 28 1,534 

Glass | 131 — 131 6,420 1305 — 130 6,418 | 

Magnesia from seawater or brine Ww W 482 22,190 WwW W 646 32,214 | oo 

Metallurgy | Ww — Ww 316 Ww — WwW Ww ! 

Oil well drilling | WwW —- Ww 445 Ww — Ww 474 | 

Ore concentration, other 364 — 364 17,377 W — WwW Ww | 

Oil and grease 24 — 24 1,122 18 — 18 889 

Paper and pulp | WwW WwW 1,260 59,781 WwW W 1,178 56,997 | 

Sewage treatment 424 1 424 21,965 404 — 404 18,494 | | 

Steel, BOF Ww WwW 4,239 182,911 w | WwW 3,928 180,720 | | 

Steel, electric 948 — 948 44,534 Ww WwW 979 46,294 | | 

Steel, open-hearth 50 — 50 2,190 64 — 64 2,877 | 

Sugar refining | 37 649 686 31,254 40 642 682 34,214 | 

Sulfur removal from stack gases 1,388 —_— 1,388 67,046 1,485 — 1,485 70,792 | 

Tanning Ww W 32 1,764 Ww WwW 55 3,765 

Water purification 1,055 — 1,055 49,571 1,030 — 1,030 49,134 | 

Other? 7,652 1,488 _2,345 116,044 _9,567 1,343 3,540 178,958 | 

Total? _ 12,667 2,138 14,805 686,915 13,186 1,985 15,171 730,762 | 

/ Construction: | ~~ — ~ oO ~— — — an | 

Soil stabilization 831 — 831 40,265 667 — 668 33,999 

Finishing lime 183 oe 183 17,479 207 — 207 22,372 

Mason’s lime | Ww Ww 160 16,842 W Ww 111 8,320 

Other‘ __ 451 = __ 300 11,982 __ 444 — __ 342 _ 16,667 

Total? Ww W 1,474 86,568 W Ww 1,327 81,358 | | 

Refractory dolomite __ Ww _ WwW __ 748 45,256 __ Ww _ WwW 625 40,716 

Grand total? 14,760 2,317 17,077 821,695 15,042 2,135 17,178 855,913 

' Revised. W Withheld to avoid disclosing company proprietary data. 

1 Excludes regenerated lime. Includes Puerto Rico. 

2 Data may not add to totals shown because of independent rounding. 

3Includes briquetting, brokers, calcium carbide, chrome, citric acid, commercial hydrators, desiccants, environmental uses, explosives, ferroalloys, fiberglass, glue, insecticides, ladle desulfurizing, 

magnesium metal, manganese, pelletizing, pharma ceuticals, petrochemicals, precipitated calcium carbonate, rubber, silica brick, soap, wire drawing, and uses indicated by symbol W in “Chemical and 

industrial” lime only. 
| 

4 Includes asphalt antistripping. 
2 

. | 

| 

tive producers of quicklime. The major | stream, intended to replace an older | British Aggregate Construction Materi- | 

commercial uses were for steelmaking, | kiln. The new kiln, operated by Kalk- | als Industries (BACMI), formed the : 

paper and pulp manufacture, building produktion Storugns AB and jointly British Lime Association (BLA) in No- ! 

materials, and environmental pur- | owned by Swedish, Danish, and Finn- | vember 1989. The BLA will function | 

poses. Annual commercial sales were | ish producers, will produce about | within BACMI and be affiliated with | 

about 465,000 tons and captive con- | 165,000 tons per year. the International Lime Association. Its 

sumption about 275,000 tons. Two major aims will be to promote the | 

steel plants were to close down at the development of new applications in the | 

end of 1989, decreasing demand by | United Kingdom United Kingdom and to represent the | 

45,000 tons to 55,000 tons per year. In Lime producers in the United King- | lime industry on matters concerning | 

April 1989, a new lime kiln came on- | dom belonging to the trade association, | the Government. 
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See 

TABLE 6 | TABLE 8 
_ TIME-PRICE RELATIONSHIPS | | _ U.S. IMPORTS FOR CONSUMPTION OF LIME 

FOR LIME! _ | | 
Hydrated lime Other lime Total 

Year dollars per ton | (short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
Actual price Based on constant. | 1986 57,842 $4,108 © 142,865. $8,129 200,707 $12,237 

1989 dollars 1987 39,734 3,021 138,171 7,558 = 177,905 10,579 
1970 14.53 43.69 1988 54,419 4,031 155,497 8,541 — 209,916 12,572 
1971 | 15.78 44.89 1989 36,952 2,219 180,704 9,749 217,656 11,968 1972 16.78 45.58 lcustomsvalu. 
1973 17.42 44.45 Source: Bureau of the Census. 

1974 22.02 51.50 

| 19750 27.46 58.49 | TABLE 9 | 
1976 30.19 60.43 QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED 
1977 33.50 62.87 DOLOMITE: WORLD PRODUCTION, BY COUNTRY! 
178 36.76 4.80 (Thousand short tons) | | 1979 41.26 66.30 

1979 4450 65.58 | Country? 1898 1981 47.01 63.16 Algria®o = t—“(‘éO!O!O!UtUSUCU~‘<SS*S*~*~*~*~;*~CSTSS 4S gs 

wee AAT AB | Australia’? SSOS*~S~«~YS 1,210 1,210 "1,210 1,300 
1383 UNO Austria SSCt=CSstStSCStstSSS:S~«s 1,405 1,519 1703 «1,650 
ret 5995 | Begum SSSsS=~=~CSsS«d 997 1,971 1,944 2,086 2,100 1985 51.69 58.87 Botswana. St<CSst , (5) (5) (5) (5) 
1986 52.50 58.27 | 5,255 5,411 5,842 ©6,060 6,060 
PST 50M 53-9 Bulgaria 1,467 1,799 1,409 1,570 1,540 
1988 4812 S00 Burundi 4 (5) (5) (5) (5) 
1989 49-83 49-83 Gada 2,438 2,472 2,458 2,776  —#2,812 
ieee. puerto Rico Chile* 4882 880 830 830 830 

China‘ . “8,800 "9,900 *12,100 ™14,300 17,600 
| ~ | Colombia‘ 1,430 1,430 1,430 1,430 1,430 

TABLE 7 Costa Rica‘ 11 11 11 11 11 
| Cuba 187 192 204 197 200 U.S. EXPORTS OF LIME Cyprus. st—<“<‘“ 9 8 8 3 3 

TT Czechoslovakia 3,557 3,670 3,569 ©3,640 3,530 
hort tors) ( meee gs) | Denmark (ales) 142 147 132 148 150 

1986 16,448 ~~ ~$4,500 Dominican Republic* 37 37 40 40 39 
1987. ~~*+12,644.~CO*~“~*‘“CS*‘“‘CST Egypt* 107 105 105 105 105 
1988 14,908 34113, Ethiopia ©2 (2 3 3 (*°) 
1989. 32,241.° 3,803 Fiji Islands 4 3 (°) — — 
lCustomsvalueSt=<“C~SstCtsCSt Finland (sales) 278 288 ©300 224 234 

Source: Bureau of the Census. France 3,417 3,200 “3,300 3,405 3,400 
German Democratic Republic 3,932 3,908 3,724 3,835 3,750 

Germany, Federal Republic of 7,545 7,139 6,736 ©7,940 8,100 
CURRENT RESE ARCH? Guatemala 68 41 88 79 83 
<= | A un gary 883 916 916 938 937 

India‘ © 550 660 770 "830 830 The Construction Research Center Iran® 700 700 700 700 700 
of the University of Texas at Arlington | ———____ 
conducted a study of the comparative selang 73 77 8° 107 0 
performances of Portland cement lime | St 5 9 > >> °° 
(type S lime) mortars and equivalent Italy” 84,350 "3,969 4,292 *°4,300 4,300 
masonry cement mortars produced to | Jamaica 95 101 99 88 88 
American Society of Testing and Mate- | Japan (quicklime only) 8,217 7,404 7,435 8,516 8,700 
rials (ASTM) specifications. This study | Jordan ©250 5 4 °4 4 
was initiated as result of concerns | Kenya 31 14 29 ©28 430 
voiced by certain groups in the building | see footnotes atendoftable =~S*é“‘=S*<“<CSSS 
662 LIME MINERALS YEARBOOK—1989



ee 

TABLE 9—Continued : 
industry about the revised ASTM Stan- 

QUICKLIME AND HYDRATED LIME, INCLUDING DEAD-BURNED dard Specification for Mortar for Unit 

DOLOMITE: WORLD PRODUCTION, BY COUNTRY Masonry (C-270-86) and Uniform 

(Thousand short tons) | Building Code, which allowed masonry 

| cement to be used alone to produce any 

Country? 1985 1986 1987 ——«+1988P 19g9¢ | listed mortar type for either reinforced 

Korea, Republicof©§ ~~ ~~ ~—S—~CS~—~<C<i~SMsti(sé‘i””~”~*~«tSSC“‘é‘é SSC unreinforced masonry. The concerns 

Kuwait... 58 63 69 679 0 focused on whether mortars produced 

lebanon® iH 7 1 i i, | USing masonry cements were equivalent 

av 7 to Portland cement lime mortars with 

Libyan 290 290 290 290 290 | respect to masonry assemblage charac- 

Malawi 2 3 3 “3 3 | teristics such as masonry water tight- 

Malta 6 6 6 6 6 | ness, masonry bond, masonry shear 

Martinique 6 6 6 6 6 strength, and masonry compressive 

Mauritius ° 8 8 8 8 8 | strength. 

Mexico | 7 5.614 6,112 6,889 6,614 6,610 A testing program was developed to 

Mongolia® 105 105 105 110 110 | compare the two types of mortars. The 

Mozambique® il 11 il ll 11 | Program involved two phases: (1) tests 

Nepal | 89 j \ 93 24 | on laboratory mortars and (2) tests on 

New Zealande 175 175 175 165 110 jobsite mortars. Eight masonry cement 

NicaraguaeSt*~=<CSstCS 44 4 4 4 4 mortars and three Portland cement 

oo lime mortars were studied. The studies 

Norway 110 110 110 110 110 | Concluded that the properties of the 

Paraguay 88 97 102 34 114 | mortars produced using either masonry 

Peruse 40 40 “14 "14 14 | cement or Portland cement lime were 

Philippines 52 42 "20 4 5 | equivalent. However, the study also 

Poland 4,546 4,576 4,697 © 4,520 4,520 | concluded that the masonry assem- 

Portugal ° 220 220 220 220 220 | blage properties of Portland cement 

Romania® 44.097 4,100 4,000 3,900 3,600 | lime mortars were significantly better 

Saudi Arabiac iw tt~—~S 13 13 13 13 13 | with respect to water tightness, flexural 

South Africa, Republic of | bond strength, and shear strength, and 

(sales) 2,220 2,143 1,744 2,112 42.133 | equivalent in compressive strength. 

Spain * 1,200 1,300 1,300 1,300 1,380 

Sweden 715 723 650 ~~ ~+740 1440 | — TSS ._TS—— 

Switzerland 41 39 44 © 46 44 OUTLOOK 

Taiwan 116 £120 116 117 110 | - 

Tanzanian *3 3 3 3 3 Lime has dozens of end uses in the 

Tunisiae 660 720 720 720 720 | chemical, industrial, and construction 

Turkeye 1,100 1,200 1,200 1,600 1,200 | industries. Steelmaking is still the larg- 

Uganda* 1 l ] ] 1 | est single end use for lime, although the 

U.S.S.R. 32,190 33,204 33,203 r 33,200 33,100 | total consumption by tonnage and per- 

United Arab Emirates° 50 50 50 50 50 | centage of total lime production has 

United Kingdom® 2,750 2,750 3,100 3,100 3,100 | decreased. Over the past 20 years lime 
United States including Puerto _ consumed for steelmaking averaged 

Rico (sold or used by 6,790,000 tons per year or 39% of total 

producers) 15,713 14,498 15,758 17,077 *17,178 | consumption. In 1989, consumption 

Uruguay 10 11 14 11 11 | dipped to 4,971,000 tons or 29% of 

Venezuela ° 2 2 2 2 2 | total consumption. The dip in 1989 

Yugoslavia 2,984 T2906 2,754 2,197 2,200 | reflects a trend of decreasing consump- 

Zaire 127 150 109 110 119 | tion by the steel industry. This trend is 

Zambia ssstst(<is=ststsS 282 268 259 263 265 | @ result of the decreasing consumption 

Tol SOtC<CSstCS:*S*«i 135,496 139,393 "746,308 149,184 of fluxing agents, thus less lime is 

cpaimaed ?Paliminay 'Reieh consumed per ton of steel. a 

' Table includes data available through June 6, 1990. The outlook for steel production in 

2 Lime is produced in many other countries besides those listed. Argentina, Iraq, Pakistan, and Syria are among the more important the U.S. is uncertain. Labor contracts 

som i a eed will expire at major steel producers in 
4 Reported figure. 1991 and 1992, impacts of new clean 

cles than 1/2 unit. air legislation are unknown, and Vol- 

7 includes hydraulic lime. untary Restraint Agreements with for- 

® Data for year ending mid-July of that stated. eign producers will expire in 1992. 
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These uncertainties make forecasting | other chemical and industrial uses de- | can vary, the typical size is 5 x 8 inches. 
U.S. steel production extremely diffi- | pends on the general health of the econ- | This largest size of quicklime is strictly 
cult. One econometric model, based on | omy and the health of specific sectors, | a product of vertical kilns. 
the actual production from 1982 | such as construction, paper and pulp, 2. Crushed or pebble lime—the 
through 1989, assumes production will | and mining. An attempt to address the | product ranges in size from 0.25 inches 
decrease 1991 through 1994 and be | problems in the Nation’s transportation | to 2.25 inches, but the specific product 
followed by a strong recovery in 1995 | infrastructure could increase consump- | size is more precise. This size has tra- 
and 1996. Based on this forecast and | tion in the construction sector, especially | ditionally been a product of rotary 
the decreasing trend in flux consump- | for soil stabilization in major projects | kilns, but is now available from vertical 
tion, lime consumption for steelmaking | such as airport and highway construction | kilns as either a primary product or as 
could easily drop to 4.0 to 4.5 million | and as an antistripping agent in asphalt. | a result of crushing lump lime. 
tons per year by the early 1990’s. This | Lime consumption in the pulping chem- 3. Ground lime—the product is gen- 
translates to a loss in consumption of | ical market is forecast to grow by 6% per | erally ground from larger size material. 
up to 1.0 million tons per year, most of | year. Lime consumption for precipitated | A typical product size passes nearly 
which would be in commercial sales. calcium carbonate (PCC) production | 100% through a No. 8 sieve and 40% to 

Other sectors of the lime market are | should increase dramatically as the push | 60% through a No. 100 sieve. 
more difficult to analyze. No other | to build satellite PCC plants near paper 4. Pulverized lime—the product is 
single end use consumes more than 9% | mills continues. If base and precious | the result of further grinding. A typical 

. of total consumption, although envi- | metals prices remain steady or increase, | product size passes nearly 100% 
ronmental uses when grouped together | lime consumption by the mining industry | through a No. 20 sieve and 85% to 95% | 
account for 22%. It is in this sector of | could increase. It is an important chem- | through a No. 100 sieve. This is usually 
the lime market that growth potential | ical in the recovery, smelting, and refin- | a secondary product and is produced 
exists. The four major environmental | ing of copper, gold, silver, and other | by intense grinding and classification. 
uses for lime are: (1) sulfur removal | nonferrous metals. 5. Pelletized lime—almond-shaped 
from stack gases or flue gas desulfur- pellets or briquets of uniform 1-inch 
ization (FGD), (2) water purification, size, molded from quicklime fines. 
(3) Sewage treatment, and (4) acid wa- Hydrated lime is shipped in bulk 
ter treatment. According to Bureau of BACKGROUND tank trucks, rail cars, and in 50-pound 
Mines statistics, during the 1980’s the on ves gt 6 paper bags. As a result of the hydration 
total consumption for these uses actu- | Definitions and Specifications process, it is of fine particle size. A 
ally declined by nearly 12%, despite Lime is a manufactured product | typical product size passes 85% or 
FGD use doubling. Other environmen- | made by calcining limestone (calcium | more through a No. 200 sieve, and a 
tal uses consume over 600,000 tons per | carbonate or a combination of calcium | few special applications may require a 
year. and magnesium carbonate) or other | product passing 95% to 98% through a 

New environmental legislation and a | calcium carbonate materials at temper- | No. 325 sieve. 
resurgence in environmental awareness | atures ranging from 1,800° F to 2,400° Because of the differences in lime- 
and concern by the public will have an | F. It is never found in a natural state. | stones, a rigid standardization of lime 
impact on environmental markets. | The calcination process drives off the | material specifications is impossible. 
Consumption for FGD should con- | carbon dioxide, forming calcium oxide | Few plants manufacture lime with ex- 
tinue to increase, despite strong compe- | (quicklime). The subsequent addition | actly the same properties, as a result, 
tition from limestone and other non- | of water creates calcium hydroxide (hy- | lime specifications are by necessity 
lime FGD systems. Consumption for | drated or slaked lime). The term “lime” | quite general in their provisions. A 
stabilization of sewage sludge to tie up | is a general term that includes the var- | typical analysis is shown in table 10. 
heavy metals and reduce odor should | ious chemical and physical forms of . 
increase. Lime’s ability to tie up heavy | quicklime and hydrated lime. It may be | Technology’ | 
metals and neutralize acid water makes | high calcium, magnesian, or dolomitic. Lime manufacture involves three | | 
it useful in treating tailing ponds at | Quicklime is calcium oxide (CaO), with | main processes: stone preparation, cal- 
active mining operations and in treat- | no water of crystallization. Hydrate is | cination, and hydration. Stone prepa- 
ing the runoff from abandoned mines. | hydrated calcium oxide, or calcium hy- | ration involves quarrying or mining 
This should lead to increased consump- | droxide (Ca(OH),), and contains 24% | (including drilling, blasting, and con- 
tion in the Western United States, | combined water. Dead-burned refrac- veying broken stone), crushing, and 
where increased attention is being di- | tory dolomite is dolomite that has been | screening to provide the proper size kiln 
rected at the problems of acidification | calcined at 2,800° F to 3,150° F. Re- | feed. Care is taken to avoid contamina- 
and heavy metal pollution of streams | fractory dolomite is another name for | tion with undesirable impurities, such 
and rivers from past mining. Lime | dead-burned dolomite. All of these | as iron oxide, silica, and alumina. Al- 
should be ideally situated to take ad- | products are called lime. though most lime manufacturers pro- 
vantage of a new emphasis on environ- Quicklime is commercially available | duce their own stone, some purchase 
mental cleanup. It is an important and | by the carload, in bulk, or in paper | the stone for kiln feed from commercial 
economical component in the treat- | bags, in the following standard sizes: limestone producers. 
ment of air, water, and solid wastes. 1. Lump lime—the product is over Calcination is a simple chemical re- 

The outlook for lime consumption in | 2.5 inches in diameter. Although sizes | action. It is the addition of heat to 
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| TABLE 10 which is discharged at the lower end. A amen ion (Den x Trade Lime From Meni ort 
: . ministration (Dep. Commerce). Lime From Mexico; 

TYPICAL ANALYSES OF The calcination temperature dep ends Final Results of Changed Circumstances Countervailing 
COMMERCIAL QUICKLIMES on size and composition of kiln feed Duty Administrative Review and Revocation of Coun- 

, and the type of desired product. The | tervailing Duty Order. V. 54, No. 229, Nov. 30, 1989, pp. 
High Calcium ‘Dolomitie carbon dioxide is driven off as a gas | 49324-49330. 

. e 3 > . “39 . . quicklimes quicklimes and normally exits the system with the 0 Driscoll, M. _~Brazil s Industrial Minerals— 
Component range Yr” range ie stack gas Seeking Success Against All Odds. Ind. Miner. (Lon- 

, , BAS ; don), No. 266, Nov. 1989, pp. 38-41. 
percent percent Vertical kilns are short, wide, vertical 4Prud’homme. M. Developments in the Canadian 

CaO 93.25-98.00 55.50-57.50 | cylinders lined with refractory materi- | Lime Industry in 1989-90. Lecture pres. at Canadian 
MgO 30- 2.50 37.60-40.80 | als. They are usually circular in cross | Lime Institute, Vancouver, British Columbia, June 14, 

SiO, .20- 1.50 -10- 1.50 section, typically with a diameter of 9 vine eek x 1990 Lime Chapter of Canadian 
. inerals Yearbook. 

Fe,O, .10-  .40 .OS- .40 ton feet and a nent On 50 to et °Matthys, J. Conventional Masonry Mortar Investi- 
ALO, .10- .50 .05- .50 cy are the most wi ely employed in gation. National Lime Assoc., Arlington, VA, 1988, 19 
HO. 40.90.40. .90 the world, especially in Europe. A ver- | pp. 
a : 5 sO aon 1 50 <0 50 tical kiln is divided into four distinct © National Lime Association. Chemical Lime Facts. 

+> __________—_____—"_-" | zones where specific parts of the man- | Bulletin 214, 5th ed., 1988, 44 pp. 
ne values sien _ gis range do not necessarily represent ufacturing process take place. They are, Boynton, BO Cem and Technology of Lime 

Source: “Chemical Lime Facts,” National Lime Association. fr om top to bottom, (1) stone storage and Mimestone, John Wiley & Sons, 1980, 578 pp. 

zone, (2) preheating zone, (3) calcining 
zone, and (4) cooling and discharge | OTHER SOURCES OF INFORMATION 

limestone to cause thermal decomposi- | zone. 
tion, in which th r ; . | 1, in e coproducts of CaO Examples of other kiln designs are the Bureau of Mines Publications 
(quicklime) and CO, (carbon dioxide) | rotary hearth kiln and the fluosolids kiln. . . . . : Iron and Steel. Minerals Yearbook 
are formed. This process is performed | The rotary hearth design consists of a 
. . . . . report, annual. 
in a kiln, of which there are a wide | preheater, circular hearth, and cooler, all Li : . . : : . ime. Minerals Yearbook report, 
variety of systems in use. The two basic | refractory lined. Stone is placed on the annual 
kiln designs are rotary and vertical (or | hearth and rotated through a heating . : : , Lime. Chapter in Mineral Commodi 
shaft). There are a few other miscella- | chamber. In the fluosolids kiln, fine- Summary, annual ommodity 
neous designs, but the majority of | sized stone is densely suspended by air : " . . : . Lime. Mineral Industry Surveys, 
commercial kilns are of rotary or verti- | and hot gases in the preheating and monthly | 
cal design. | calcining zone of a vertical heated cham- 
A rotary kiln is a long cylindrical | ber. It can be operated at lower temper- | Other Sources 

kiln with a refractory lining, inclined at | atures because of the fine stone size. The Chemical Marketing Reporter. 
a slight angle, rotated at a slow speed, | quicklime product is the most highly Industrial Minerals (London). 
and fired by fuel at the lower end. The | reactive of any commercial lime. Industrial Minerals and Rocks. 
calcareous raw material (kiln feed) is Lime Lites (quarterly newsletter of 
fed int me wpper ene and calcined at | Federal Register. Environmental Protection Agency. National Lime Association). 
aroun 5000 uring Its tr avel 40 CFR Part 261, Mining Waste Exclusion; Final Rule. Pit and Quarry. 
through the kiln to form quicklime, | v. 54, No. 169, Sept. 1, 1989, pp. 36592-36642. Rock Products. 
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By Joyce A. Ober 

Mrs. Ober, a physical scientist with 12 years industry and Bureau of Mines experience, has been the commodity specialist 
for lithium since 1986. Domestic survey data were prepared by Carleen Militello, mineral data assistant, and international 
data tables were prepared by Peter J. Roetzel, international data assistant. 

| he United States led the | were excess from a weapons program | brines were a source for lithium in. 
world in lithium mineral and | that used the lithium to make tritium, a | Nevada. Pumps remove the brine from 
compound production and | compound necessary for nuclear fis- | underground deposits into evaporation 
consumption. Estimated con- | sion reactions. The stockpile originally | ponds. Extraction processes separate 

sumption increased slightly, and world | contained about 42,000 tons of mate- | lithium from the concentrated brines. 
production also grew. Sales increased for | rial, from which about 75% of the Cyprus Foote Mineral Co. produced 
domestic producers, who announced | lithium 6 isotope had been removed. | lithium carbonate at its brine deposit in 
price increases for the third consecutive | This material possibly contained 8 to 9 | Silver Peak, NV, and produced small 

year. parts per million of mercury. Because | quantities of spodumene concentrate at 
Because lithium is electrochemically | of mercury contamination, DOE de- | its mine in Kings Mountain, NC. It 

reactive and has other unique proper- | layed the proposed disposal of lithium | operated processing facilities for down- 
ties, there are many commercial lithium | hydroxide until an environmental im- | stream lithium products and metal in 

products. Producers sold lithium as | pact study was complete. Frazer, PA; Sunbright, VA; and New 
mineral concentrate, brine, compound, Johnsonville, TN. The company con- 
or metal, depending upon the end use. | ___—“‘CWCC#T,: tirsnled to maintain its lithium carbon- 
Most lithium compounds were con- | PRODUCTION ate plant at Kings Mountain in a care- | 
sumed in the production of ceramics, | ———-—___Y | and-maintenance status as it had since 
glass, and primary aluminum. | mid-1986. : 

The two companies that produced Lithium Corp. of America (Lithco), 
S| s«sdth um in the United States in 1989 did | a subsidiary of FMC Corp., mined 

DOMESTIC DATA | so from two different types of deposits. | spodumene from pegmatite dikes near 
COVERAGE Both firms mined spodumene, (a lith- | Bessemer City, NC. The company pro- 
—_—WWTH ++ | tum-aluminum-silicate ore) from large | duced lithium carbonate and a full range 

hard-rock deposits in North Carolina | of downstream compounds, including 
The Bureau of Mines collects domestic | using open pit methods. Geothermal | lithium metal and some organic lithium 

production data for lithium from a vol- 
untary survey of U.S. operations. The 
two U.S. companies responded to the TABLE 1 
survey, representing 100% of total pro- 
duction. Production and stock data were SALIENT LITHIUM STATISTICS 
withheld from publication to avoid dis- (Metric tons of contained lithium) 

closing company proprietary data. The 

metric system is the official system of _ rs «dg86S*~*«é<~BTSS*~*~“‘*wRN#~!~#«419R9: 
measurement of most countries. The Bu- United States’ St(“‘<CS 

| . . . nited States: 
reau Of Mines, in an effort to provide Production? tO w w w Ww w 
Statistical data on lithium in units most _roduction UW UW WWW 
consistent with international usage, will | —Producers’ stock changes” WO WC CUCU 
henceforth report data in kilograms and | _Imports* 870 1—“ 820 1000S (0 
metric tons unless otherwise noted. Shipments of Government 

stockpile surplus? 1 2 4 2 — 

Exports * ¢ 2,300 1,800 1,800 2,300 3,000 

LEGISLATION AND Consumption; 

GOVERNMENT PROGRAMS | —*Prarent WW CMCC 
Estimated 2,300 2,400 2,400 2,700 2,700 

Rest of world: Production® ! 3,400 3,600 3,600 4,200 4,900 

The Department of Ener £y (DOE) W Withheld to avoid disclosing company proprietary data. 

planned to offer portions of its 36 | {Mineral concentrate and carbonate. 
million kilograms of lithium hydroxide | ,(omPounds, concentrate, ors, and metal 
monohydrate for sale. The DOE stocks | ‘compounds. 
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compounds, at a chemical plant located | range; good resistance to water, oxida- | perior corrosion resistance compared 
near the mine. , tion, and hardening; and formation of | with those of conventional aluminum 

, a stable grease on cooling after melting. | alloys. These alloys face direct compe- 
— Ss These greases continued to be utilized | tition, however, from composite mate- 
CONSUMPTION AND USES in military, industrial, automotive, air- | rials consisting of boron, graphite, or 

OT #—_—— | craft, and marine applications. aramid fibers imbedded in polymers. 
| Nearly all major battery manufactur- Small quantities of other lithium 

The aluminum, ceramics and glass, | ers marketed lithium batteries in some | compounds were important to many 
lubricating grease, and synthetic rub- | configuration, and research and devel- | industries. Butyllithium was a catalyst 
ber industries consumed most of the | opment continued for further substitu- | in synthetic rubber production. Lithium 
lithium minerals and chemicals. These | tion in applications that implement | chloride and lithium bromide were used 
markets were primarily related to trans- | more conventional alkaline batteries. | in industrial air-conditioning systems, 
portation, i.e., the aircraft and auto- | Although they represent a small percent- | commercial dehumidification systems, 
motive industries. Industrial and con- | age of total lithium consumption, sales | and in the production of sophisticated 
sumer applications also used ceramics | of these batteries remained a favorable | textiles. Sanitizers for swimming pools, 
and glass. Estimated domestic con- | growth area for lithium consumption. | commercial glassware, and public rest- 

| sumption increased slightly in 1989. | Lithium batteries offer improved per- | rooms contained lithium hypochlorite, as 
Ceramics and glass production and alu- | formance over alkaline batteries, at a | did dry bleach for commercial laundries. 
minum smelters were the largest con- | slightly higher cost. Lithium batteries | Patients diagnosed as suffering from 
sumers of lithium in the United States. | were used in watches, microcomputers, | manic-depressive mental disorders may 
Aluminum producers consume little | and cameras, and, more recently, in | take medication containing a pharma- 
lithium carbonate in other countries. small appliances, electronic games, and | ceutical grade of lithium carbonate. 

Lithium carbonate and mineral con- | toys. The military purchased large and | Lithium metal was used as a scavenger to 

centrate additions in ceramics and glass | small lithium batteries for a variety of | remove impurities from copper and 
manufacturing processes lower process | military applications. bronze, and anhydrous lithium chloride 
melting points, reduce the coefficient of Aircraft manufacturers in several | was used as a component in fluxes for 
thermal expansion and the viscosity, and | countries continued to test aluminum- | hard-to-weld metals such as steel alloys 

eliminate the use of more toxic chemi- | lithium alloys for wing and fuselage | and aluminum. 
cals. The manufacture of thermal-shock- | skin and structural members of new 
resistant cookware (pyroceramics) con- | aircraft. Use of aluminum-lithium al- | = SS—CSSS—CS 
sumed the majority of lithium used in | loys can reduce the weight of the air- | PRICES 
the ceramics and glass industry domesti- | craft by more than 10%, allowiag sige. |_| —<—-77-7HT7J1___11"————|_ 

| cally. The manufacture of black and | nificant fuel savings over the life of the : 
white television picture tubes consumed | aircraft. The alloys, which are 2% to For the third consecutive year, both 
significant amounts of lithium concen- | 3% lithium by weight, are attractive to | domestic companies increased prices 
trates overseas. Low-iron petalite and | the aircraft and aerospace industry be- | for nearly all lithium products. Prices 
spodumene, two lithium ores, were a | cause of their reduced density and su- | were about 6% higher in 1989 than the 

source of lithium used to improve the | : 
physical properties of container and | 
bottle glass and as a source of alumina TABLE 2 
(Al,O;), another important component DOMESTIC YEAREND PRODUCERS’ AVERAGE PRICES 
of the glass. Glass manufacturers used OF LITHIUM AND LITHIUM COMPOUNDS 
lithium in container and bottle glass, 
enabling them to produce lighter weight, mms sss ggg ””S*«iw 

thinner walled products. eo OTe” 
Aluminum producers added lithium Dollars Dollars Dollars Dollars 

: . . per pound per kilogram per pound per kilogram 
carbonate to cryolite baths in alumi- | [ac sam bine SCOCsCSstCS 

. . ithium bromide, 54% brine: 

num potlines. The chemistry of the | truckload lots, delivered in drums 4.55 10.03 => 4.82 10.63 
potline converts it to lithium fluoride, | [ithium carbonate, technical! =~CS*é“‘“‘S*~S*‘“‘™SOOCO!;#;™®™OO 
lowering the melting point of the bath, Truckload lots, delivered 1.63 3.59 1.73 3.81 
allowing a lower operating temperature | [jthium chloride, anhydrous, = = © 
for the potline, and increasing the elec- | technical: Truckload lots, delivered 3.42 7.54 3.20 7.05 

trical conductivity of the bath. Opera- | Lithium fluoride 5.65 12.46 5.99 11.97 
tors used these factors to increase pro- | [ithium hydroxide monohydrate: 
duction, reduce power consumption, | Truckload lots, delivered 2.07 4.56 2.19 4.83 

or increase current efficiency. Lithium metal ingot, standard-grade: 
The multipurpose grease industry | 1,000-pound lots, f.o.b 26.70 58.86 28.30 62.39 

was the third largest end use for lithium | Lithium sulfate, anhydrous 3.69 8.14 3.90 8.60 
in 1988. Lithium-based greases are fa- | N-butyllithium in n-hexane (15%): 
vored for their retention of lubricating | Truckload lots, delivered 15.85 34.94 16.80 37.04 

properties Over a wide temperature | Source: US. lithium producers. 
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previous year. The close balance be- TABLE 3 

tween supply and demand worldwide U.S. EXPORTS OF LITHIUM CHEMICALS, 
has been instrumental in improving the BY COMPOUND AND COUNTRY 
price situation. Although installed pro- 

duction capacity remained in excess of | ————— SOTO | 
demand, the chemical plant at Kings — 98 
Mountain remained inactive, and sup- Compound and country Gross Gross 

. weight Value weight Value 
ply and demand were balanced suffi- | (kilograms) (kilograms) 
ciently to maintain strong prices. Lithium carbonate. OCS 

Argentina _ — 1,041 . " 729 

wee weenwawey peweew Austria — — 1,873 5709 

FOREIGN TRADE Australia 84,785 $280,588 18,960 77,385 

Belgium — — 19,958 55,000 

The Bureau of the Census began Brazil 28,939 91,448 34,336 111,114 

using the Harmonized Tariff Schedule Canada 472,416 1,597,289 362,663 ~ 1,422,124 

in 1989 to identify material passing China 38,399 84,656 — — 
} through U.S. Customs. This system | Germany, Federal Republic of 2,274,105 6,237,532 2,882,128 8,506,932 

makes classification codes for imports India 88.684 259,180 4,542 14,169 
and exports consistent internationally. Japan s—s—“‘iéOSOCOCOC;C;CC#OW‘#<CO33,772 4,985,716 1,429,825 4,662,880 

With the adoption of new codes, im- | “Korea, Republicof_~—~SC~*«C 6,345 1,477,147 137,732 417,594 | 
pO and eee nls che nwat for poum Mexico 36,836 124,211 76,699 318,681 

formerly listed details were no longer | Netherlands 71,138 902,432 362,946 1,036,790 
available. International trade informa- | _Ne” Zealand 1,297 14,195 36 1,585 
tion will no longer be available for | _Simsapore —_ _ 8,642 89,865 
lithium ore concentrates or lithium South Africa, Republic of 13,013 47,326 29,808 100,991 

metal from the Bureau of the Census. Spain | — — 59,874 165,000 
Import categories identified as lithium Taiwan 267,977 845,816 8,990 30,027 

carbonate and lithium oxides and hy- United Kingdom 1,512,397 4,500,385 1,708,728 4,801,594 

droxides replaced lithium salts and | Venezuela 3,992 13,200 336,723 1,138,668 
compounds. For this reason, compari- | qotal'’— ——“‘é;S;*;*~*~*~*‘*ST«88;«,096=~ 21,061,121 "7,485,504 22,960,837 
sons between 1988 and 1989 trade data | Tithiumcarbtonate USP2... ~~ =&2 7 2 SSLoO— ov 

are not valid. Australia” = — 123,854 296,165 
| The Federal Republic of Germany, | ——_—--___ 

Japan, and United Kingdom were the Belgium 7 7 4,301 31,289 
largest importers of lithium compounds | —C4™44@_— _ — 41,211 349,534 | 
from the United States. Imported lithium | _E! Salvador — — 320 9,300 
ore concentrates entered the United Germany, Federal Republic of — — 5,388 68,375 

States, but no data were available. Re- Honduras — — 328 8,727 
ports from concentrate producers and India — — 25,242 100,666 

consumers indicated that U.S. imports Japan — — 386,512 1,202,469 

decreased in 1989. Korea, Republic of — — 270,415 810,908 
Mexico — — 12,994 8,557 

TTT New Zealand — — 1,498 18,685 

WORLD REVIEW South Africa, Republic of — — 1,700 60,264 

Sweden — — 5,648 11,454 

A small number of countries through- | #88 _ - 239,472 708,039 
out the world produced lithium ore and | _United Kingdom — — 1,107 23,220 
brine. The United States produced the Venezuela _ TT __ 440,238 _1,345,378 
most lithium; significant quantities also Total — — 1,560,228 5,253,030 
were produced in Australia, Canada, | Lithium hydroxide: 

Chile, China, the U.S.S.R., and Zimba- Argentina 87,381 352,973 146,044 559,459 
bwe. Argentina, Brazil, and Namibia Australia _ _ 70,778 286,205 
produced smaller quantities; production | aystriati(‘(‘(iti‘(‘sé;CO~™; 68,402 263,730 _ _ 
primarily consisted of ore concentrates. | “Basgium _ _ 110,369 384,065 

Portugal and Zaire have produced lith- | “poy Sw S81 56 1,858,444 332,244 1,478,515 
ium mineral concentrates in the past. —_——-.-—__—.J——— 

The U.S.S.R. and China produced Canada N03 AB 414976 63,326 300,382 
significant quantities of lithium car- | ** motes end of #hle. 
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TABLE 3—Continued bonate and other lithium compounds, 

U.S. EXPORTS OF LITHIUM CHEMICALS, but specific information on the opera- 
BY COMPOUND AND COUNTRY tions was limited. Companies in the 

Federal Republic of Germany, France, 

TF ogg Japan and the United Kingdom pro- 

$$ _— —_—_____—_—————— | duced downstream lithium compounds 
Compound and country weioht Value veisht Value from imported lithium carbonate, but 

(kilograms) (kilograms) no minerals or brines were produced in 
Lithium hydroxide—Continued —S—=S=<“‘S*‘“‘<‘=sCts*s*s‘ié™SOSSS those countries. 

Chile 43,199 $172,951 18,129 $68,871 Capacity 

Colombia 19,033 77,386 32,114 127,308 The data in table 5 are rated capacity 
_Beuador 9,891 36,619 5,000 23,326 | for mines and refineries as of Decem- 
Egypt 19,958 77,000 — | — | ber 31, 1989. Rated capacity is defined 

_France — — 2,164 5,819 | as the maximum quantity of product 
Germany, Federal Republic of 478,852 1,695,173 1,121,636 3,625,447 | that can be produced in a period of 

Guinea —_ — 572 183,960 | time on a normally sustainable long- 

India 425,514 1,721,493 345,276 1,325,356 | term operating rate, based on the phys- 
Indonesia _ _ 22,680 104,600 | ical equipment of the plant, and given 

a 28,772 105,871 . «14,984 69,485 | acceptable routine operating proce- 
Oe _ _ 1,683 4,496 dures involving labor, energy, materi- 

Japan —t—~—<“—tsSsSsSSC*«é TB LSD 3,588,531 892,290 3,823,441 | 2/8, and maintenance. Capacity in- 
Korea, Republicof =—=—~S=«*&‘GT7, BG’ 674,637 113,148 462,802 | cludes both operating plants and plants | 
Pe. temporarily closed that, in the judge- 
_Malaysia 2,000 8,159 2,599 12,608 | ment of the author, can be brought into 
_—Mexico 84,030 669,011 216,640 1,033,320 | production within a short period of 
Netherlands 172,385 690,843 237,698 754,827 time with minimum capital expendi- 

New Zealand _ 5,000 22,400 7,500 35,249 | ture. Any restrictions to capacity utili- 

Nigeria — —_ 35,599 107,624 | zation related to legal, political, or 

Pakistan 15,300 64,460 28,341 123,254 | environmental restraints have been 

Peru = — 17,387 73,404 | footnoted. 
Philippines 25,401 100,240 14,337 55,807 | _ Lithium presented special problems 
 SaudiArabia.ti(i‘i‘i=s™~™S 26,000 106,600 _ _ during compilation of production ca- 
Singapore SCS 51,891 192,400 77,126 311,917 pacities for different operations. Ore 

South Africa, Republic of 90,844 348,062 96,218 225,569 sae atte ets are noe pompara- 

Sweden 7 7 36,580 138,920 | bonate was the primary compound pro- 
Taiwan 8,981 36,570 21,763 _ 73,244 | duced at lithium chemical plants and 
Thailand 18,688 74,367 58,722 262,566 | the compound from which all other 

United Arab Emirates 7,983 31,504 18,414 74,435 | lithium chemicals were produced. Be- 

United Kingdom 418,208 1,515,839 518,632 1,746,624 | cause even high-grade ore products usu- 

Uruguay 1,000 4,938 998 4,920 | ally contained less than 4% lithium and 

Venezuela 40,000 164,000 11,000 46,530 | lithium carbonate contains nearly 20% 

 ‘Totalstst—<“‘é™S™S™:;:;””C*#é#S*«S B07 15,069,177 “4,691,991. 17,914,355 | lithium, production capacities reported 

Lithium metal? — —= —=== | in tons per year represent large differ- 
Australia. SCS _ _ 350 __ | ences in the actual lithium content of 
“BegiumttC=“CstsSS _ _ 4.989 __ | the product. For that reason, capacities 

ae ” were reported based on the lithium 
Brae | 7 190 ~ | content of the products also known as 

__ Germany, Federal Republic of __ — — 155,920 — | contained lithium. 
India — — 3,079 — 

Israel — — 4,712 — | Australia 

Japan — — 115,982 ~ Lithium Australia Ltd. (LAL), a 

Saudi Arabia — — 90 — | subsidiary of Greenbushes Ltd., mined 

Singapore — — 50,131 _ | high-grade, low-iron spodumene at its 

South Africa, Republic of — — 178 __ | mine in Greenbushes, Western Austra- 

“Taiwan tti<‘isSSSSSSCS™ _ _ 1,730 __ | lia. LAL produced two ore concentrate 
Turkey =SOt=<CSsts‘SSSSS _ _ 48 __ | products through a flotation process 

See Fata for sale to the ceramics and glass indus- 
try. The majority of the company’s 

spodumene concentrate was used in the 
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TABLE 3—Continued manufacture of black and white televi- 

U.S. EXPORTS OF LITHIUM CHEMICALS, sion picture tube glass and pyroceram- 
BY COMPOUND AND COUNTRY | ics in the Pacific rim countries and 

Europe. LAL sold to the same coun- 
gg ggg tries glass grade concentrate with lower 

SU oR —__—____—_——————_ | lithium content for consumption in 
Compound and country weisht Value weight Value | COntainer glass. Sales and production 

(kilograms) (kilograms) continued to expand significantly, as 
Lithium metal2—Continued Sst=<“‘=~=~S*tsé‘i™S™SSOss they have every year since production 

_United Kingdom _ 201,128 _— began in 1982. 
Total — — 537,557 __. | Bolivia | 

Others | Industria Minera Tierra Ltda., a Bo- 
_Argenting 7,943 $15,904 — — | livian company, and a U.S. company 
Australia 85,406 217,572 _ — | expressed interest in developing the 
Belgium 50,517 63,231 — — | Salar de Uyuni, the world’s largest salt 
Brazil 123,302 206,387 — — flat. Early in the year, Industria Minera 
Canada | 1,357,388 2,132,539 — — | Tierra requested permission from the 
China _ _ _ -— | Bolivian Government to build a pilot 
Colombia t—s—s 3,115 6,074 _ _ plant for the production of 40 tons of 
Denmark SOt—=CSstsSse _ _ _ __| lithium carbonate per year. The Gov- 
Ecuador SCt=CS 11,000 20,500 _ _ | ernment showed interest in joint-'| 
a venture arrangements announcing 
France 94,520 71,761 7 ~ | plans to call for international bids. At 

__Germany, Federal Republic of _ 210,198 399,073 | — — | yearend, the Government of Bolivia 
india 3,000 5,505 — — | and Lithco were negotiating for a 
Iraq 1,789 3,181 — — | joint-venture operation in the Salar. 
Ireland 440 2,260 — — | Lithco’s plans included an exploration 
Israel 353 12,091 — — | program and, possibly, a 37,000-ton- 
Italy 30 1,980 — — | per-year plant for recovery of lithium 
Jamaica 9,830 25,409 _ a carbonate from the evaporated brines. 
Japan tst~—<“StsSNNt*” 87,109 830,872 _. | Preliminary studies of the Salar de 
‘Jordan —S—s—<Cisti‘SO™”~””!C™ _ _ _ __ | Uyuni, which is more than 3,600 meters 
Korea, Republicof SOS 1,533 17,343 _ __ | above sea level, indicated reserves of 

“Meco 400.179 997.616 _ __ | 5.5 million tons of lithium, 110 million 
—__§ ° , tons of potassium, and 3.2 million tons 
Netherlands 189,739 369,826 — — | of boron.2 

Nigeria — — — — : 

Pakistan 29,608 55,756 — — Canada 

Philippines, Republic of 20,000 14,910 — — Tantalum Mining Corp. (Tanco) has 
Saudi Arabia 12,641 22,531 — — | been mining spodumene concentrates 
Singapore 36,125 75,358 — — at its mine near Bernic Lake in south- 
South Africa, Republic of 50,603 94,060 _ _ eastern Manitoba. Since mining began 
Sweden (i‘Sé;CO~™ _ _ _ — | in 1984, Tanco has grown to become 
Switzerland StS 7,714 13,500 _ ____| the largest supplier of lithium ore con- 
Taiwan 92,189 311,104 _ _ | centrates to the U.S. ceramics and glass 

“Twmidad 62.200 141.791 _ _ industry. The Canadian spodumene 
OO ° , was similar to the material mined in 

Turkey 110 16,390 ~ ~ | Australia (high-grade spodumene with 
_United Arab Emirates 32,000 15,500 — — | very low iron content), making the 
_United Kingdom 379,088 953,413 — — | concentrates ideal for direct applica- - 

Venezuela 44,398 135,062 — — | tion in the ceramics and glass industry. 
Yugoslavia 284 92,359 — — 

Total 3,404,351 7,290,858 — ~— | Chile 
‘Data may not add to totals shown because of independent rounding. Cyprus Foote Mineral Co. bought 

*Pharmaceutical-grade lithium carbonate. : the remaining shares of its lithium 
According to the Journal of Commerce Port Import/Export Reporting Service. brine operation at the Salar de Ata- 

Source: Bureau of the Census. cama, Sociedad Chilena de Litio Ltda. 
(SCL) to become the sole owner. Cy- 
prus Foote, formerly Foote Mineral 
Co., has produced lithium carbonate 
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TABLE 4 | 

U.S. IMPORTS FOR CONSUMPTION OF LITHIUM-BEARING MATERIALS, 1988 

(Kilograms and thousand dollars) 

Compound 
| | Lithium ores Lithium compounds Lithium salt Lithium metal 

. Quantity Value! Quantity Value! Quantity Value! Quantity Value ! 

Australia 4,425,085 413 231 10 | — — _ _ 

Canada? 15,975,570 1,667 — —_ — — _. — 

Chile | — — 7,102,102 6,259 — — _— — 

China — — 39,683 83 — — — — 

France — — 5,078 125 13,200 9 8,571 17 

Germany, Federal Republic of — — 30,336 388 — — — — 

Japan — — 3,739 122 55 2 — — 

Luxembourg — — 65 i —_— — — — 

Mexico — — 218 23 — — — — 

Namibia 905 ,962 24 — — — —_— — — 

United Kingdom — — 9,075 97 252 3 6,687 14 

Zaire 79,808 2 — — — — | — — 

Zimbabwe | ~~ 10,273,839 943 — — — — — — 

Total 31,660,264 3,049 7,190,527 7,108 13,507 14 15,258 31 

' Customs value. 

2 Spondumene concentrate. | 

Source: Bureau of the Census. 

from the brines from this Salar since | amblygonite, were other products. The | ing depleted, installation of a dense- 
1984. The project originated as a joint | Federal Republic of Germany imported | media separator made it possible to 
venture between Foote and Corpora- | most of these ores. High-grade lepido- | recover lithium in the form of petalite 
cion de Fomento de la Produccidn | lite was handpicked at the company’s | averaging about 4.4% lithium oxide 
(CORFO), a Chilean Government a- | Helicon Mine for export to Western | from a stockpile of previously rejected 

- gency. Production capacity for lithium | Europe and Japan.° material. This extended the estimated 
carbonate increased steadily from a mine life 30 years. Hand sorting, the 
6,300-ton-per-year capacity to reach | Zimbabwe method used since the mining began in 
the current level of 9,100 tons per year. Bikita Minerals Ltd. mined petalite, | 1916, amassed a stockpile of over 1 
SCL expanded the evaporation ponds | another lithium ore, near Masvingos. | million tons that could be recovered 
prior to another expansion at the car- | Although the ore reserves were becom- | with a significant savings in mining 

bonate plant. Further capacity expan- | 

sion to 11,800 tons per year should be | | 
completed in 1990.° TABLE 5 

Minera Salar de Atacama Ltda., the U.S. IMPORTS FOR CONSUMPTION OF LITHIUM-BEARING 
consortium formed by AMAX Explo- MATERIALS. 1989 

° ° 9 

ration Inc. (United States), CORFO, 
and Molibdenos y Metales S.A. (Kilograms and thousand dollars) 

(Chile), completed studying the feasi- 
bility of developing another lithium Compound 

operation on the Salar in 1988. Evalu- Lithium carbonate Lithium hydroxide 

ations of the results were analyzed, and Quantity | —-Value! Quantity Value! 
a decision from AMAX to pursue the | Chie Sss=~“*‘s*~«S«SSALSC(“(‘( < “TOU UU 

project was expected in 1990. Germany, Federal Republic of 52 4 2,888 22 

Namibia India 17,500 81 — — 

Southwest Africa (SWA) Lithium | J@Pa7 127 26 9,401 >? 
Mines produced petalite concentrate at Sweden —_ — 345 a7 
its Rubicon Mine near Karibib. Low- | Switzerland 72,000 175 10,348 38 
grade ores were beneficiated through a | United Kingdom 25 6 — _ 
flotation process, while high-grade ores Total 3,326,245 6,629 23,182 164 

were hand picked. Small amounts of | 'customs value. 
two other lithium ores, lepidolite and | Source: Bureau of the Census. . . 
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TABLE 6 TABLE 7 

WORLD LITHIUM ANNUAL LITHIUM MINERALS AND BRINE: WORLD PRODUCTION, BY 
PRODUCTION CAPACITY, COUNTRY’! 

DECEMBER 31, 1989, . 
RATED CAPACITY! (Metric tons) 

(Metric tons of contained lithium) Country? ”*~<“<ts~*é‘s*é«*NSBSSC*~‘“SBO!!#!#«*ORTW OCLOBBPO! GORGE 

Argentina (minerals not specified) 35 184 178 119 120 
North America: Australia, spodumene 11,835 12,703 22,279 £30,000 40,000 
United States * 5,600 Brazil: 00 | 

Canada 500 | Amblygonite 159 49 52 ©50_ 50 
— Total _,100 Lepidolite 26 30 () (°) — | 
South America: Petalite 1,323 1,614 2,946 "©1,700 2,000 : 
Argentina 10 | _ Spodumene 107 366 505 © 400 400 | 
Brazil" 290 | Canada, spodumene* 4 4,600 7,500 ——‘11,500 14,000 14,000 | | 
Chile 1,700 Chile, carbonate from subsurface brine 4,508 4,458 6,139 7,332 $3,000 | 

Total® 2,000 | China (minerals not specified) ° 15,000 15,000 15,000 15,000 15,000 
Europe: ° Namibia: 

4 
Portugal 18 Amblygonite 49 52 106 147 150 
U.S.S.R.? 1,089 | — Lepidolite | 71 52 61 18 20 | 

Total“ 1,100 Petalite 1,753 751 749 1,477 1,200 
Africa: — Portugal, lepidolite 4 ©27 _ — — | 

Namibia © 30 | US.S.R. (minerals not specified)° ° 55,000 55,000 55,000 55,000 55,000 | 
Zimbabwe 730 | United States, spodumeneand—S=~=CSCSsC<CS 7S DT 

Total 760 subsurface brine W W WwW W Ww 

Asia: China* 3 730 | Zimbabwe (minerals not specified) 27,910 32,760 14,959 15,073 15,500 

a — 1 Table includes data available through Apr. 9, 1990. EN 
World total 12,000 2 In addition to the countries listed, other nations may produce small quantities of lithium minc® }, but output is not reported and no 

© Estimated. valid basis is available for estimating production levels. 

' Includes capacity at operating plants as well as plants on standby > Revised to zero. 

basis. 4 Estimates based on imports by the United States. 

? Figures for the United States include 1,500 metric tons of > These estimates denote only an approximate order of magnitude; no basis for more exact estimates is available. Output by Chima and 

capacity that has been idle since 1986. the U.S.S.R. has never. been reported. 
3 These estimates denote only an approximate order of magni- 

tude; no basis for more exact estimates is available. Output from ! 
China and the U.S.S.R. has never been reported. 

“Data do not add to total shown because of independent rounding. | 1+ 7 strength over the wide range of tem- | forgings. The company tested its 
peratures required for space applications. | 905XL hot-die forgings in aircraft com- | 
The alloys were lightweight due to the | ponents because of its low density and | 

costs after installation of the new de- | lithium content, and weldable, making | high strength. It considered its 9052 : 
vice. Hand sorting continued to be | them attractive for use in fuel and oxi- | alloy for torpedo bodies and hulls be- 
used only for special small orders of | dizer tanks for space vehicles. Reynolds | cause of its good corrosion resistance.* : 
minerals other than petalite.° planned to produce ingot, sheet, plate, Several organizations improved exist- 

and extrusions of Weldalite at its new | ing battery technology or developed | 
ee CC‘“CO;CC CC} casting facilities in McCook, IL. The | new products. Long-life thermal batter- ! 

CURRENT RESEARCH McCook facilities were upgraded to pre- | ies have powered weapons and space- | 
OO NAvATAm—_—_ | Dare Reynolds to become a leading sup- | craft since World War II. These batter- | 

plier to the aerospace industry. ’ ies can remain inactive for 30 years 
Research continued in areas believed Because forged metal parts have been | without discharge, and upon activation | 

to possess the greatest potential for the | preferred to castings or machined parts | when the electrolyte melts, produce | 
lithium industry. Martin Marietta Corp. | due to superior tensile strength and | power for a few minutes to 1 hour. In | 
of Baltimore, MD, developed a new fam- | toughness, techniques have been devel- | the late 1970’s, Sandia National Labo- | 
ily of aluminum-lithium (AI-Li) alloys, | oped for forging Al-Li alloys. Boeing | ratories developed a lithium-silicon al- | 
named Weldalite, targeted for use in | Commercial Aircraft Co. tested tow | loy and iron disulfide battery to replace | 
aerospace applications, and, specifically, | fittings forged from Al-Li 2090 alloy | the original calcium-calcium chromate ! 
space launch systems. The alloys were the | that should withstand the high load | thermal battery. The new design | | 
strongest known wrought aluminum | stress of towing and the extensive envi- | weighed 75% less than the calcium | | 
products available, according to Martin | ronmental exposure during takeoffs | battery, but experienced troublesome | | 
Marietta. Reynolds Metals Co. received | and landings on aircraft. Huntington | voltage spikes. By addition of lithium | 
the license for exclusive production. Dur- | Alloys International developed two | oxide to the cathode material, control : 
ing testing, Weldalite maintained supe- | powder metallurgy AI-Li alloys for | of heat input to the battery, and puri- : 
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fication of the iron disulfide, the labo- | Assembly (MOTA) to test different ma- | "Murray, R. Namibia’s Mineral Potential Inde- 
* wnt : 9 : : : pendence Brightens Development Prospects. Ind. Miner. 

ratory eliminated the voltage spikes. terials for use in fusion reactors. Sam- (London), No. 266, 1989, p. 87. 

Researchers at the University of Cal- | ples of material would be placed in a |. sRussetl, A. Bikita Minerals—35 Years on and Still 

ifornia at Berkeley developed a new | reactor plant and irradiated for more | Further Potential. Ind. Miner. (London). No. 249, 

battery that reportedly could make | than 1 year. Tests would determine tri- | 1988, pp. 63-71. 

electric vehicles practical. The new bat- | tium recovery rates from lithium oxide "Huskonen, W. D. Reynolds Launches Space Age 

tery, which could produce up to 30% | test canisters. Other fusion materials a a Producing (Cleveland), v. 27, No. 9, 1989, 
more power per ounce than current will be tested in other canisters.’ Stunt, M. Forgers Fabricate Future Forms. Mater. 
systems and weighs significantly less, Eng., v. 106, No. 3, 1989, pp. 43-46. 

consisted of thin films of lithium, poly- a *Sandia Science News. Changes Improve Perform- 

ethylene film, and a disulfide polymer OUTLOOK ance in Long-life Thermal Batteries. V. 24, No. 9, 1989, 

that are sandwiched together. A series _|_ —<—--—-TOTTWYSTGTTYTYY___ PP. 2, 4. a 

of thin cells could be layered together went A Cale ae 
to form larger batteries. The improved The aluminum industry experienced | 4 1989, p. Ba. OS 

design reduced temperature require- | a slowdown in 1984, and, as a result, 11 Advanced Battery Technology. New Products and 

ments for electric vehicle batteries. The | domestic lithium consumption de- | Literature (Cooperstown). V. 25, No. 11, 1989, p. 6. 

polymer battery could lower the operat- | creased dramatically that year. Since '2 Duchart, B., and I. Weir. Engineering Gems—An 

ing temperature requirements from 700° | that time, lithium consumption has ex- | Optical Engineers Best Friend? Materials Edge (Con- 

F to between 176° F and 212° FE. Coin | panded at an average of about 5% per | “°° "Teriar Be ee sion cnerey Materials, V 
cells like the ones found in watches and | year. This increase was due primarily to | 106, No. 3, 1989, pp. 9, Y - 

calculators should be available in 2 years | the recovery of the aluminum industry 

using the new technology; larger size | as well as increased demand for lithium 

cylinders and vehicle batteries were ex- | compounds and minerals in the ceram- | OTHER SOURCES OF INFORMATION 

pected to be available later.'° ics and glass industry. Similar increases 
Sanyo Energy Corp. began offering a | are expected for the future. . as 

rechargeable lithium/manganese diox- Demand for lithium metal for batter- ae of a ens dj 

ide (Li/MnO.) battery. The new prod- | ies and alloys should increase, but total “ tum. an. ip 1 ommodity 
uct possessed a low self-discharge rate | consumption of the metal will remain >umimaries, annua’. 
and high voltage in relation to size. One | small in comparison to the demand for Lithium Availability—Market Economy 
Li/MnO, battery should replace two | lithium chemicals. Markets should re- Countries. 

nickel/cadmium batteries and provide | main relatively stable with average | o¢ner Sources | 

two to three times the energy density.'! | growth, although new applications for Canadian Minerals Yearbook, annual 

Research continued in other areas, | mineral concentrates could increase de- Chemical Marketing Reporter, weekly. , 

which, if developed, hold potential for | mand for those materials significantly Chemical Week, weekly. 

requiring large amounts of lithium. In- | in the next few years. Lithium demand Engineering and Mining Journal 

tegrated, or waveguide, optics are the | could increase dramatically if any of monthly. 

optical equivalent of the electronic in- | the new technology areas such as nu- European Chemical News (London) 

tegrated circuits. As more information | clear fusion were perfected. This is not monthly. 

is transported via optical fibers, devices | expected to occur within the remainder Industrial Minerals (London), monthly. |. 

will be developed to process that infor- | of this century, and probably not Metal Bulletin (London) : 

mation through optical rather than | within the next 25 years. Metals Week, weekly. 

electronic means. Lithium niobate has Mining Annual Review (London) 

been identified as a prime ma terial for ' Lithium Australia Ltd. Annual Report, 1989, 28 pp. Mining Engineering, monthly. 
integrated optic substrates.“ Lithium | 2s, Embassy, La Paz, Bolivia. Lithium Corp. of Mining Journal (London) 

should be an impor tant material in the | america Signs Preliminary Contract to Exploit the Salar Mining Magazine (London) 

development and operation of nuclear | of Uyuni. State Dep. Telegram 15280, Nov. 24, 1989, 2 pp. The Northern Miner (Canada), weekly. 

fusion reactors. Westinghouse Hanford * Cyprus Minerals Co. Annual Report, 1989, 48 pp. Roskill Information Services Ltd 

Co., in Richland, WA, developed @ | 4.15: t uM sate tiamand noc sate | (London | 
° ° 1810n 1 Nn r Lithiu 1 

device called the Materials Open Test Project. State Dep. Telegram 09061, Sept. 8, 1989, 2 pp. World Mining, monthly. 
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| By Deborah A. Kramer 

Ms. Kramer is a physical scientist with the Branch of Nonferrous Metals. She has covered magnesium and magnesium 

compounds for 6 years. Domestic survey data were prepared by Lura Nightlinger, Nonferrous Metals Data Section. 
International data were prepared by Virginia Woodson and William Zajac, International Data Section. 

MAGNESIUM to construct new primary magnesium | ized until September. Renco Group Inc. 
S| sépitants in Australia, Colombia, India, | purchased the primary magnesium 

Norway, and the Republic of South | plant, which was renamed Magnesium 
Domestic magnesium production hit | Africa. Corp. of America (MagCorp). Mag- 

its highest level since the beginning of Corp planned to increase its capacity to 
the decade because strong demand con- | Legislation and Government 38,000 tons in 1990. The company also 
tinued for magnesium for aluminum Programs began drawing brine in 1989 from its 
alloying, casting applications, and iron In September, the Environmental Pro- | new solar ponds in the west desert that 
and steel desulfurization. Because de- | tection Agency issued a final ruling on | replaced the solar ponds destroyed in a 
mand could not be completely met with | the criteria to evaluate mineral processing | 1986 flood of the Great Salt Lake. 
primary production, particularly in the | wastes for exclusion from regulation un- | MagCorp estimated that the new ponds 
first half of the year, inventory levels | der subtitle C of the Resource Conserva- | have a 10- to 15-year supply of brine. 
dropped rapidly to reach a 20-year low | tion and Recovery Act (RCRA). Waste- In May, Dow Chemical Co. an- 
by midyear. Demand slowed in the sec- | water from the anhydrous process for | nounced that annual capacity at its 
ond half of 1989, and producers replen- | magnesium recovery was a candidate for | Freeport, TX, magnesium plant was 
ished their stocks. Magnesium exports | exclusion under the original criteria in | increased by 5,000 tons to 90,000 tons. 
increased significantly, and imports de- | 1988. This waste passed the high- | This represented the fourth capacity 
clined from the high level in 1988. The | volume, low-toxicity criteria established | increase at the facility since late 1987. 
United States remained a net exporter | in the final ruling and was conditionally | The capacity increase was in response 
of magnesium. | excluded under RCRA. Final subtitle C | to low stock levels and growing demand 

World production of magnesium | regulation of the process wastewater was | in the automotive diecasting and desul- 
reached a record-high level in 1989, and | to be determined by January 1990.’ furization sectors. Dow’s three previ- 
production capacity was expected to : ous capacity increases involved restart- 
increase significantly within the next | Production | ing idled’ electrolytic cells, but the 
year. Two new plants in Canada U.S. primary magnesium production | fourth increase involved improvements 
planned to bring a total of 52,500 | was at the highest level since 1980 and | in the production process. 
metric tons of annual capacity on- | was at 95% of rated yearend capacity. Northwest Alloys Inc., a subsidiary 

stream in 1990, and a small capacity | In April, AMAX Magnesium Corp. | of Aluminum Co. of America (Alcoa), 
expansion was planned in Brazil. Pre- | announced that it had sold its Rowley, | planned to increase magnesium pro- 
liminary investigations were underway | UT, facility, but the sale was not final- | duction at its Addy, WA, plant by 

| TABLE 1 

SALIENT MAGNESIUM STATISTICS 

(Metric tons unless otherwise specified) 

98S 8B 9B BBD 
United States: 

Production: 

Primary magnesium 135,728 125,639 124,396 141,983 152,066 

Secondary magnesium 41,298 41,807 45,164 50,207 $1,200 

Exports 36,580 39,909 44,182 49,802 56,631 

Imports for consumption 8,411 8,355 10,851 14,407 12,289 

Consumption, primary "83,752 *78,961 94,620 100,793 105,226 

Price per pound $1.48-$1.53 $1.53 $1.53 $1.58-$1.63 $1.63 

World: Primary production "325,183 "322,408 323,930 P 334,372 © 343,548 

*Estimated. Preliminary. ‘Revised. 

MAGNESIUM AND MAGNESIUM COMPOUNDS MINERALS YEARBOOK—1989 675



-making proprietary improvements inits | ment of a new casting process that | Because computer components change 
processing methods. Reportedly, two- | yields near-net-shape prototype com- | more quickly than those in other indus- 
thirds of Northwest Alloys’ production | ponents for automotive testing require- | tries, extrusions may be preferable to 
is used by Alcoa for aluminum alloy- | ments. Components can be produced | castings. Extrusions have relatively 

| ing. Alcoa used to purchase all of | in a wide variety of shapes and in sizes | low-cost tooling and economical short- 
Northwest Alloys’ production, but al- | from a few ounces to a few pounds. | run capabilities compared to diecast- 
though aluminum can prcduction has | Castings can be produced by the new | ing, although the secondary costs may 
increased significantly, increased recy- | process with interlocking cores with | be higher.? 

cling rates have lowered Alcoa’s con- | thin-wall passages for pneumatic and 
sumption of primary magnesium. hydraulic components. Stocks 

Several new applications for die-cast Consumer stocks of primary magne- 
Consumption magnesium in the automotive industry | sium declined from 6,860 tons at yearend 

Spectrulite Consortium Inc. pur- | were announced. The Cadillac Motor | 1988 to 5,350 tons at yearend 1989. Mag- 
chased Dow’s magnesium rolled prod- | Div. of General Motors Corp. planned | nesium alloy ingot stocks increased 
ucts business citing the need to | to substitute magnesium valve covers | slightly from 838 tons at yearend 1988 to 
strengthen the company’s market posi- | for aluminum on the V-8 engines used | 849 tons at yearend 1989. 
tion. In past years, Dow had purchased | in most of its cars. Also, magnesium Producers’ primary magnesium stocks 
Spectrulite’s rolled products, and Spec- | was planned to be used for the main | declined to their lowest level in nearly 20 
trulite also supplied Dow with extrusion | structural front seat parts in the 1989 | years by the end of the second quarter. 
billet for Dow’s operations in Aurora, | Mercedes Benz SL Roadster, for Audi’s | However, by the end of the year, stocks 
CO. V-8 die-cast instrument panel, and for | increased substantially to 20,133 tons 

Frontier Foundries Inc. opened a | wheels in some of Honda Motor | and also increased from yearend 1988 
new magnesium investment casting fa- | Corp.’s automobiles. A review of mag- | stocks of 17,087 tons. 
cility in its complex in Titusville, PA. | nesium applications in the automotive 

The company’s investment casting proc- | industry outlined additional uses.* — Prices 
ess can produce castings with precise Usage of magnesium continued to Producers’ quoted magnesium prices 
size tolerance, smooth surface finish, | increase in the computer industry for | were unchanged during 1989. Both 
and intricate detail. Also, Thompson | both die-cast and extruded components | Dow and MagCorp quoted a price for 
Castings Inc. announced the develop- | in housings and internal applications. | primary metal ingot at $1.63 per pound 

TABLE 2 

MAGNESIUM RECOVERED FROM SCRAP PROCESSED IN THE UNITED STATES, 
BY KIND OF SCRAP AND FORM OF RECOVERY 

(Metric tons) 

1985 1986 1987 1988 1989 

KIND OF SCRAP 

New scrap: 

Magnesium-base 1,510 991 845 2,641 3,951 

Aluminum-base 16,252 17,822 20,867 19,926 19,278 

Total 17,762 | 18,813 21,712 22,567 23,229 

Old scrap: — oO oO oO a 

Magnesium-base 4,630 3,958 3,857 3,882 4,269 

Aluminum-base 18,906 19,036 19,595 23,758 23,702 

Total 23,536 22,994 23,452 27,640 27,971 

Grand total 41,298 41,807 45,164 50,207 51,200 

FORM OF RECOVERY——~—w ~~ ~ ~ — — 
Magnesium alloy ingot! 3,838 3,925 4,001 3,930 4,494 

Magnesium alloy castings 438 551 447 438 795 

Magnesium alloy shapes — 31 — 1,065 635 

Aluminum alloys 35,797 37,293 40,711 43,827 43,125 

Zinc and other alloys 8 3 W WwW W 

Chemical and other dissipative uses 3 W W 943 W 

Cathodic protection 1,214 W — W WwW 

Total 41,298 41,807 45,164 50,207 51,200 

W Withheld to avoid disclosing company proprietary data; included in “FORM OF RECOVERY: Total.” 

' Includes secondary magnesium content of both secondary and primary alloy ingot. 
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TABLE 3 and diecasting alloy price at $1.43 per 

_ US. CONSUMPTION OF PRIMARY MAGNESIUM, BY USE pound throughout the year. A compi- 
- , _ | lation of U.S. magnesium prices from 

_ (Metric tons) 1915 to 1988 was published by the 
Bureau of Mines.* 

Use 1985 1986 1987 1988 1989 
For structural products: Foreign Trade 
Castings: Because of implementation of the 
Die 2899 3,646 3,710 4,383 5,627 | Harmonized Tariff System (HTS) be- 
 PermanentmoldSst=<CStsCST 825 748 1,121 943 gi; | ginning in 1989, trade data for 1989 
Sand SS”™~SOC«*d‘«S ABD 373« 1,743 1,017 | ™ay_not be comparable with those of 

SS previous years. Exports of magnesium 
Wrought products: . + ege . oi increased significantly compared with 
__Extrusions 7,036 6,285 6,804 6,907 6,712 | those in 1988. The Netherlands, 27%: 
_ Other! 3,804 3,938 3,884 5,719 5,326 Canada, 24%; and Japan, 21%, were 
—__ Total S376 15,990 16,973 19,695 _19,493 | the principal destinations for U.S. ex- 
For distributive or sacrificial purposes: ports. Magnesium imports declined 
Alloys: | from the high level in 1988. Norway 

Aluminum | 37,059 36,804 49,784 51,183 51,436 | was the source of 51% of domestic 
Other 7 5 8 7 9 | imports, mainly primary metal and al- 

_Cathodic protection (anodes) ——«4,307«S «63425537 6,234~—« 5,474 | loy. Canada supplied 32%, mainly 
Chemicals ss—“‘éS™*™*~*~*~;*;*S;«AOCO~#*#«*UN‘«SAS~~#«OAT 780 594 | waste and scrap, and Mexico supplied 
Iron and steel desulfurization “8,000 “9,000 ‘°10,000 W 10,463 9% of U.S. imports. 

Nodular iron 1,540 1,622 1,811 2,037 1,635 | World Review 
Reducine acent for titanium pieonioge ” 

haftittn, Groniten, benign 7,372 5,235 5,286 += 8,467_~—=«10,798 | _, World primary magnesium produc- Other? 6,622 2.514 4.174 12,390 5,324 tion reached a record-high level in 1989, 
TO AER, ee I | and world inventory levels dropped sig- 

—Fotap 68,376 °62,971 7,647 81,098 _ 85,733 nificantly during the year. According to 
__Grand total 83,752 178,961 £94,620 100,793 105,226 | the International Magnesium Associa- 
iraenapeniae set and late and forgines.. avoid disclosing company proprietary data; included in “Other. tion, world inventories dropped to a 

? Includes scavenger, deoxidizer, and powder. 5 “ith low in J 35.0 ont recovered 4 
| end the year at 35, tons. Yearen : 

stocks represented 52 days of average 
daily demand during 1989 and were 
7,800 tons above those at yearend 1988. 

Australia. —Queensland Metals Corp. 
| announced that it was seeking a partner 

TABLE 4 to construct a 60,000-ton-per-year pri- 
U.S. STOCKS AND CONSUMPTION OF NEW AND mary magnesium plant in Gladstone. 

OLD MAGNESIUM SCRAP The company was developing a magne- 
site mine and magnesia production plant 

(Metric tons) . 
nearby and expected to use magnesite for 

$a eessessssSssSsSsssseseSSS | the metal plant feed material. 

Stocks, Receipts ————e Stocks, Brazil, —Ci . . 
Jan. 1 , Total Dec. 31 razil.—Cia. Brasileira do Magnesio 

SAP SCT «| & SA. (Brasmag) reportedly received a 
1988 960 5,610 1,901 3,882 5,783 787 $10 million loan from a pool of re- 

| 1989 787 7,233 3,052 4,269 7,321 699 gional banks to increase its annual pri- 
"Cast scrap, solid wrought scrap, borings, turnings, and drosses. mary magnesium capacity to 10,600 

. tons in 1990. The expansion included 

installation of a series of electric- 
reduction vacuum furnaces. Brasmag 

_ planned to increase production capac- 
ity further in the mid-1990’s if the 
Government approves the company’s 
proposal to construct its own hydro- 
electric powerplant. When the initial 
expansion is completed, Brasmag plans 
to export one-fourth of its production 
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TABLE 5 

U.S. EXPORTS AND IMPORTS FOR CONSUMPTION OF MAGNESIUM 

i 

EXPORTS 

Alloys Powder, sheets, tubing, 

Waste and scrap Metal . : ribbons, wire, other forms 

Year (gross weight) (gross weight) 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1989 1,406 $3,286 43,233 $123,509 3,849 $15,495 8,143 $28,084 

| IMPORTS FOR CONSUMPTION 

Alloys Powder, sheets, tubing, 

Waste and scrap Metal (magnesium content) ribbons, wire, other forms . 

(magnesium content) 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1989 3,773 $7,856 3,879 $12,373 3,829 $14,702 808 $2,928 

Source: Bureau of the Census. 

to Mexico and other Latin American | limestone mine, powerplant, and chlo- | 51,000 tons. The incremental increase 

countries; the bulk of the magnesium is | rine gas and caustic soda plant. was achieved by channeling additional 

planned for domestic consumption. electric power through existing facili- 

Brazil’s magnesium consumption, India.—Ispat Alloys Ltd. announced | ties. Capacity that was closed in 1988 

| mostly from the automotive industry | that it would construct a 4,000-ton- | because of environmental problems 

and estimated to be 9,600 tons in 1988, | per-year primary magnesium plant | was expected to remain closed for at 

was partially met with imported metal. | near Agartala, Tripura, at a cost of | least 5 years. 

| about $37.5 million. This area is rich in Elkem A/S planned to build a 20,000- 

Canada.—Small-scale magnesium | dolomite and natural gas, both neces- | ton-per-year primary magnesium plant 

production at Norsk Hydro A/S’s Be- | sary for operating a silicothermic plant. | if it could come to terms with the 

cancour, Quebec, plant began in No- | Annual demand for magnesium in In- | Government on electrical supplies. 

vember. The company planned to reach | dia was estimated to be about 2,000 | Elkem would take advantage of a 

the plant’s full production capacity of | tons. No timetable was set for plant | power-rate cut offered to a new power- 

40,000 tons per year by the first quarter | construction. intensive industry. Two economically 

of 1990. Total construction costs were depressed cities, Fauske and Mo i 

about $180 million greater than the Japan.—In February, Nichiju A.M. | Rana, were considered as possible plant 

$340 million originally budgeted. In- | announced an increase in its annual | sites. 

cluded in the total investment were the | magnesium production by 1,200 tons to , 

costs necessary to expand gradually the | 4,800 tons at its plant in Takaoku, South Africa, Republic of.—Anglo 

plant’s annual capacity to 60,000 tons. | Toyama. In addition, Ube Industries | American Corp. reportedly began a fea- 

In November, Magnesium Co. of | Ltd. announced that it would increase | sibility study on recovering magnesium 

Canada Ltd. (MagCan) announced the | magnesium production at its plant in | from a dolomite deposit in the Transvaal. 

startup of 12,500 tons of annual capac- | Ube City to 8,000 tons per year by | The dolomite would be used to feed a 

ity at its new magnesium plant in High | mid-1989. Ube planned to restart idled | 10,000-ton-per-year plant operated in a 

River, Alberta, would be delayed until | furnaces to achieve the additional pro- | joint venture between Anglo American 

January 1990. The company cited | duction because all the company’s op- | and Cape Lime Corp., the owner of the 

problems in getting the necessary labor | erating furnaces were at capacity. With | dolomite deposit. 

to complete plant construction. Mag- | the closure of Furakawa Magnesium 

Can planned to add two 25,000-ton- | Co. Ltd.’s Oyama City, Tochigi, plant | 

per-year capacity increments to reach a | in March, total magnesium production United Kingdom.—Norsk Hydro re- 

total annual capacity of 62,500 tons by | capacity in Japan was 13,000 tons by | portedly acquired a majority share of 

1994. yearend.” Kirk Precision Ltd., a manufacturer of 
magnesium bicycle frames, and planned 

Colombia. —Industrial Minera de Co- Norway.—Norsk Hydro announced | to establish a robotic facility capable of 

. lombia was seeking foreign partners to | that it would close 10,000 tons of an- | producing 200,000 frames annually. Kirk 

share the construction costs for a $200 | nual magnesium production capacity at | Precision was believed to have the largest 

million magnesium complex in the Gua- | its Porsgrunn complex when its Cana- | hot-chamber, high-pressure diecasting 

jira peninsula. Annual production of the | dian plant comes on-stream. The clo- | machinery in existence. This machinery 

proposed electrolytic plant would be | sure was announced late in the year | may be adaptable for production of large 

30,000 tons. In addition to the electro- | after Norsk Hydro reported that an- | magnesium diecastings for other applica- 

lytic plant, the magnesium complex | nual production capacity at the plant | tions, particularly in the automotive 

would include a desalination facility, | had been increased by 3,000 tons to industry.° 
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TABLE 6 

U.S. EXPORTS OF MAGNESIUM, BY COUNTRY 1989 

Alloys Powder, sheets, tubing, 
Waste and scrap Metal (gross weight) ribbons, wire, other forms 

Country (gross weight) 
Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Argentina — —~ 483 $1,652 — — 26 $136 
Australia — — 2,143 6,871 — — 215 915 
Austria 29 $65 51 169 — — — — 
Bahrain — — — 125 356 — — _ — 

Belgium oo — 1 17 — — 159 705 

Brazil 152 397 © 811 2,534 1 $4 496 1,685 
Canada 48 129 7,225 17,254 1,410 5,615 4,906 13,135 
China — — 199 698 — —_ — _— 
Colombia — — 10 38 9 32 47 206 
France — — 22 331 _— — @) 17 
Germany, Federal Republic of 18 37 — — 1,209 5,229 135 792 

Ghana . — — 279. 960 — — — — . 
Hong Kong — — (’) 5 21 36 1 13 
India — — 508 1,829 5 196 1 24 
Ireland — — — — — — — — 

Italy 2B 205 73 1,255 17 80 14 264 
| Japan 42 70 11,233 32,701 157 714 647 3,490 

Korea, Republic of 33 89 838 2,563 193 1,062 141 629 
Mexico 925 2,079 989 3,209 99 319 357 807 
Netherlands | 21 43 14,990 39,522 164 477 394 1,207 
New Zealand — _—_ 65 246 — —_ 2 142 
Norway | — — 1,211 3,485 2 5 — — 
Peru | — — 24 95 — — —_ _— 
Singapore _— — — — 20 66 (') 5 
South Africa, Republic of — os 98 331 35 119 88 509 
Spain — — 738 2,446 — — — — 
Sweden — — 42 395 (4) 4 21 119 

| Taiwan — — 512 1,692 20 68 44 123 
Turkey 20 40 — — — — — — 
United Kingdom 19 41 202 1,171 30 126 124 1,526 
Venezuela 17 70 61 133 — — 228 767 

Other 9 21 300 1,551 457 1,343 97 868 
Total 1,406 3,286 43,233 123,509 3,849 15,495 8,143 28,084 

'Less than 1/2 unit. 

Source: Bureau of the Census. 

Current Research | tek claimed that capital costs for the | creases metal utilization. Corrosion resis- 
Mintek, of the Republic of South | new process were less than those for the | tance of WE43 was reported to be 

Africa, patented a process to produce | Magnetherm process, and it could be comparable with that of high-strength 
magnesium in a plasma-arc furnace. In | adapted to continuous or semicontinu- | aluminum alloys. Potential applications 
the new process, a plasma-arc furnace | ous operation.’ for WE43 are aerospace engines, heli- 
replaced the submerged-electrode fur- Magnesium Elektron Ltd. introduced | copter transmissions, and missiles. 
nace normally used in the Magnetherm | a magnesium casting alloy, designated | Allied-Signal Inc. also developed a new 
process, and the process was done at | WE43, a high-strength alloy containing | magnesium casting alloy suitable for 
atmospheric pressure rather than under | yttrium for use at temperatures up to | applications in the aerospace and auto- 
a vacuum. The reaction, in which mag- | 300° C. The alloy was cast by a novel | motive industries. The magnesium- 
nesium vapor is generated from dolo- | process called differential-pressure sand aluminum-zinc-neodymium alloy was 
mite and ferrosilicon, was the same as | casting, which provides thin-walled cast- | reported to match the corrosion resis- 
that of the Magnetherm process. Min- | ings with improved properties and in- | tance of 2024 aluminum alloys. It also 
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TABLE 7 average annual growth rate in con- | cline. As part of the decrease in capac- 

WORLD ANNUAL PRIMARY sumption of 3% from 1989 to 1993 | ity utilization, higher cost magnesium 

MAGNESIUM PRODUCTION throughout market economy countries. | producers were expected to take small 

CAPACITY, ! DECEMBER 31, 1989, | Most of this growth was projected to | capacity increments offline when inven- 

BY CONTINENT AND COUNTRY | 0ccur in North American diecasting | tories increase to an acceptable level.” 

applications, with all other applica- 

(Metric tons) tions exhibiting small growth. Contin- | — = 
ued recycling of aluminum beverage | MAGNESIUM COMPOUNDS 

Capacity | cans, the largest market for magne- |< — 

North America: sium, coupled with reduced can weight, 

United States 160,000 | contributed to a slow growth forecast Overall U.S. magnesium compounds 

Canada (i(‘iéSOC~S 9,000 | in this application. But, if aluminum | production decreased in 1989, although 

 ToaltCStS 169.000 food cans are proven technically feasi- | caustic-calcined magnesia production 

South America: Brazil. ble and aluminum beverage cans are | increased. Imports continued to supply 
outh America: Brazil 6,000 . og 

ann ——*— | accepted in Europe, the slow growth | a significant share of U.S. demand, but 
Europe: . . . . 

Ce aE forecast could change dramatically. the dramatic annual increases in 1m- 

_France 14,000 Worldwide magnesium production | ports that occurred in the mid-1980’s 

_Ttaly 10,000 | was expected to increase over the same | appeared to have stabilized. 

Norway 51,000 | period, but as significant additional Refractories were the principal use for 

U.S.S.R. 95,000 | capacity comes on-stream in Canada, | dead-burned magnesia, and caustic- 

Yugoslavia 6,000 | capacity utilization was expected to de- | calcined magnesia was used primarily in 

Total 176,000 

Asia: oO 

China 9,000 TABLE 8 

Japan 13,000 MAGNESIUM: WORLD PRIMARY PRODUCTION, BY COUNTRY '* 

Total 22,000 ; 

World total "373,000. (Metric tons) 

‘Includes capacity at operating plants as well as at plants on —_———— Oa) 0 0 0 00 

standby basis. Country 1985 1986 1987 1988? 1989° 

Brazil 2,615 4,356 5,488 5,865 6,200 

h d . . woe Canada‘ 7,200 5,100 8,800 7,600 7,200 

showed superior resistance to pitting, | Ge 3.000 3.000 3,000 3.200 3,200 

compared with conventional magne- | ———-———— 

sium casting alloys, while retaining | Fmce __ 13,639 13,361 13,601 13,800 13,900 

equivalent mechanical properties. The | M@ly_- 7,863 12,417 7,626 5,436 *2,770 
new alloy can be formed by rapid- Japan 8,456 8,116 8,180 9,012 211,385 : 

solidification-processing techniques. Norway 54,704 56,522 56,907 50,300 *49,827 

A new company, Thixomat Inc., was | U.S.S.R.* 87,000 89,000 90,000 91,000 91,000 

formed to commercialize a process tO | United States 135,728 125,639 124,396 141,983 2 152,066 

fabricate near-net-shape metal and | Yugoslavia 4,978 4,897 5,932 6,176 6,000 
metal-matrixcompositeparts. Théproc- | Total. —=<Ct«~‘ié‘«‘ 32258;4183 322,408 323,930 334,372 "343,548 

ess, developed by Dow, combines ele- ©Estimated. ?Preliminary. ‘Revised. 

ments of diecasting with injection ' Table includes data available through June 22, 1990. 

molding, and developmental work was *Reported figure. 

done with magnesium alloys and mag- 
nesium metal-matrix composites. In 

the one-step patented process, granules TABLE 9 

of magnesium alloy were fed into a | MAGNESIUM: WORLD SECONDARY PRODUCTION, BY COUNTRY? 
reciprocating-screw-injection system, 

heated to 580° C to form a semisolid (Metric tons) 
slurry, and injected quickly into a 

mold. Components produced from Country 1985 1986 1987 1988 1989° 

thixotropic magnesium were reported | Brazil 2,006 1,767 1,376 © 1,500 1,500 

to have 50% lower porosity and greater | Japan 20,894 14,415 10,284 10,020 12,000 
dimensional ; stability than die-cast| Ussre 8,000 8.000 8.000 8,000 8,000 

components. United Kingdom? 900 1,000 1,000 1,000 1,000 

Outlook United States 41,298 41,807 45,165 50,207 251,200 

The International Magnesium Asso-_|§ ——@#J J i7-$-$AAYYITOY i Total — 73,098 66,989 65,825 70,727 13,70 

ciation, in its annual review of magne- Table includes data available through June 22, 1990. 

sium supply and demand, projected an | Reported figure. 
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animal feed and chemicals. Seawater and TABLE 10 

brines were the main raw materials for SALIENT MAGNESIUM COMPOUND STATISTICS 
magnesium compound production, ac- 
counting for more than 60%, with dolo- (Thousand metric tons and thousand dollars) 

mite, magnesite, and olivine as the other 
source materials. 1985 1986 1987 1988 1989 

Many world producers of magnesia | United States: 
were upgrading their facilities to produce Caustic-calcined and specified | 
higher grade materials rather than in- magnesias: ! 

creasing their capacity. Demand from the Shipped by producers: 
refractories users, such as the iron and Quantity 9] 86 103 124 135 
steel industry, for better-quality, longer- Value $33,772 $33,969: $27,565 $36,500 $39,529 
lasting refractories resulted in this shift Exports, value? $9,773 $13,295 $14,167 $13,322 $2,263 
from higher quantity to higher quality. Imports for consumption, value? $10,407 $11,493 $4,575 $2,371 $13,657 

Production Refractory magnesia: | 

Caustic-calcined magnesia production ___Shipped by producers:* 
increased for the third year ina row, and | ___ Quantity, OB 9TH 8B 
dead-burned magnesia production de- Value $81,149 $73,172 $80,760 $103,400 $97,673 

clined, reversing a 2-year trend. Produc- Exports, value $5,529 $5,488 $3,240 $9,262 $10,685 

| tion of olivine declined by 9%, and Imports for consumption, value $29,767 $36,718 $41,333 $42,885 $38,555 

average value decreased by 16%. Dead-burned dolomite: 
Early in 1989, a partnership formed Sold and used by producers: 

between managers of Merck a Co. «Quantity = st— 34] 385 259 748 533 

Inc.’s magnesium chemicals business Value $24,454 $27,789 $21,766 $45,256 $38,208 
and C. P. Hall Co. purchased the assets World production (magnesite) ~—~—~«"12,168~=~S'12,299~”~=«d1:,753.-~=»P'11,936 12,003 
of Merck’s magnesium chemicals busi- TTelinmaned.P Prolimnimw FR 

ness. Although Merck sold the San 1 Excludes <austic-calcined magnesia used in the production of refractory magnesia. 

Francisco, CA, plant to Genentech Inc. | Includes magnesia used by producers. 

in 1988, the partnership, named Marine | “Ctie-calcined magnesia only. 
Magnesium Co., negotiated an open- 
ended lease with Genentech to continue 
operations at the plant for at least 3 TABLE 11 
years. C. P. Hall, a purchaser and U.S. MAGNESIUM COMPOUNDS SHIPPED AND USED 
reseller of specialty magnesias, was ex- 
pected to continue to be Marine Mag- gg ggg 

nesium’s largest customer. National oo 
Refractories & Minerals Corp. an- Quantity Value Quantity Value . . (metric (thou- (metric (thou- 
nounced in July that it completed an tons) sands) tons) sands) 

expansion of capacity for production | Causticcalcined' and specified(USPand 222 
of 50% magnesium hydroxide slurry. | technical) magnesias 123,905 $36,500 134,641 $39,529 

This expansion would triple magne- | Magnesium hydroxide [100% Mg(OH),]' 392,743 76,031 341,933 70,260 
sium hydroxide slurry capacity at its | Magnesium sulfate (anhydrous and hydrous) —«61,505.-—S=S=«Y9,185.SS=*«~SB,4BD_—=~—~—~=«i'G*BLD 
Moss Landing, CA, seawater plant to | precipitated magnesium carbonate’ =«~=~S~*«~SBTZT:OC:‘é‘é(N”UOSSS”~*~‘“‘COVz«*O#~#~#~*#«~éAdL 

400,000 tons per year. Refractory magnesia._—=s=S™”S~S™*~*~*~*~*~S*~S*~« 296 —*103 400238, 316_—_—~9T_OT 
C onsumpti on an d Uses ' Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 

Refractories for use in iron and steel, 
nonferrous metals, glass, and cement 
production facilities were the dominant | additive. The remaining 25% of domes- | the pharmaceutical industry, with 
use for dead-burned magnesia. Caustic- | tic shipments was consumed by the | smaller use for chemicals and fertiliz- 
calcined magnesia was used in a wide | following industries, in declining order: | ers. Magnesium carbonate also was 
variety of applications. Animal feed, | stack-gas scrubbing, rubber, electrical, | used in the rubber industry, and mag- 
representing 27% of U.S. caustic-cal- | water treatment, ceramics, medicine | nesium sulfate was used for animal 
cined magnesia shipments, was the larg- | and pharmaceuticals, oxychloride and | feed. Magnesium chloride brines were 
est consuming industry. Chemical uses | oxysulfate cements, sugar, pulp and | used primarily in chemical applica- 
accounted for 24% of domestic ship- | paper, uranium processing, insulation | tions, with smaller uses in ceramics and 
ments. The following uses, in declining | and wallboard, candies, foundry, and | dust control. Pulp and paper was the 
order, accounted for 24% of caustic cal- | winemaking. main consuming industry for magne- 
cined magnesia shipments: rayon manu- Magnesium carbonate and magne- | sium hydroxide. Smaller quantities 
facture, refractories, fertilizer, and fuel | sium sulfate were used principally in | were used in the chemical and water 
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treatment industries. Magnesium chlo- TABLE 12 | TABLE 12—Continued 
ride was used for chemicals and oxy- | U.S, EXPORTS OF CRUDE AND U.S. EXPORTS OF CRUDE AND 
chloride and oxysulfate cements. PROCESSED MAGNESITE, BY PROCESSED MAGNESITE, BY 

The bulk of U.S. olivine shipments, COUNTRY COUNTRY 
68%, was used as foundry sands. Re- 
fractories represented 18% of olivine | —@\—/-—_———_ | ———_—_-.._ —wO—oo—owaennm”? 

. oe 1989 1989 
shipments, and the remaining 14% was Quantity Value wy Val | Quantity Value ih val 

° e4e : uantity alue Count uantity alue used for slag control, soil conditioning, Country (metric (thou- ry (metric (thou- 

and unspecified applications. - tons) sands) : tons) sands) 

. Caustic-calcined magnesia: Natural magnesite— 

, Canada 2,228 $1,022 | Continued 
Prices oe Foor | Greece 180 $226 Y d . d ori Germany, Federal ee 

blichec Magnesium Compound’ prices, Republic of 199 128 | ___ Italy 1,214 1,119 
pub ished in the “remical ree Re Mexico 871 306 Korea, Republic of 215 109 

porler, have remained unchanged since | ~~ Netherlands 858 536 | Mexico 4,583 2,757 
1987. Yearend prices were as follows: —- SE aR 

Other 219 271 Netherlands 217 277 

Total 4,375 2,263 Romania 165 98 

ee Dead-burned and Spain 468 389 

technical, heavy, 85%, f.o.b. fused magnesia: Taiwan 255 194 
Nevada per short ton $232 Australia 1,027 316 Other 582 566 

Magnesia, natural, Belgium 417 138 Total 10,380 8,299 
eae Nea nos | eamada__ S74 5,960 | Calcined dolomite: 

Magnesium chloride, SSt*CSC<S 7S; _France —i“(‘ tO 2G 676 Canada 22,109 6,323 

hydrous, 99% flake do. 290 Korea, Republic of 482 249 Colombia 1,046 185 

Magnesium carbonate, Mexico 9,397 2,804 Mexico 9,330 1,977 
light, technical (freight | Taiwan 3585 298 Peru 1,500 476 
equalized) per pound $0.73-  .78 Venezuela 206 59 Spain 2,000 659 

Magnesium hydroxide, Other 251 185 Trinidad 956 163 

National Formulary, Ay ENE ee 

powder (freight equalized) do. 78 __Totat 22925 10,685 Venezuela 2,500 847 

Magnesium sulfate, technical do. 14 Other magnesia; Other _ 198 __33 
Australia 311 456 Total 39,639 10,683 

Brazil | 102 91 Source: Bureau of the Census. 

Foreign Trade Canada 505 282 

Because of the implementation of Colombia 180 309 : 

the HTS beginning in 1989, trade data France 187 77 
for 1989 are not comparable with those Germany, Federal 
of the previous years. For magnesium Republic of 2,273 1,206 | of a magnesia plant by yearend. The 
compounds, additional data on exports Israel 1,942 643 | new plant, in Kunwarara, was expected 
of crude magnesite and various magne- Italy 190 63 | to have an annual capacity of 150,000 
sium compounds were separated that Mexico 548 747 | tons of dead-burned magnesia and 
were previously included in categories Panama _ 116 11 | 25,000 tons of fused magnesia. Initial 
containing other materials. —- a production was planned for mid-1991, 

. . Spain 2,023 1,016 . . . . 
Trade data for olivine were combined “Sweden 302 100 with product shipments beginning in 

with other trade data by the Bureau of | ——————_ September. The magnesite deposit that 
the Census and could not be separately —Hawan 159 103 | will serve as the feed for the plant was 
identified. According to the Journal of | Thailand. 18S 63 | estimated to contain 400 million tons of 
Commerce Port Import/Export Re- United Kingdom 141 84 | magnesite. Two areas, designated KG1 
porting Service, 205,090 tons of olivine Venezuela 6,319 2,743 | and KG2 and representing 13% of the 
was imported from Norway, and the Other 422 1,219 | total deposit, were targeted for initial 
United States exported 4,491 tons, Total 15,843 9,213 | mining operations at a rate of between 
mainly to Chile and Peru. Natural magnesite: ~~ | 1,75 and 2 million tons per year. 

Australia 124 117 

‘ Belgium 185 331 : 
World Review oo 304 906 Brazil.—Magnesita S.A., the largest 

Canada 86S 668 magnesite producer in the country, also 
Australia.—After completing a fea- | —<™8S@ —-. SE produces refractory brick and planned to 

sibility study in June, the joint-venture Germany, Federal install a new shaft kiln, with a capacity 
. . Republic of 433 542 . . 

partners in the Queensland Magnesia | ————————-—————————__| of. 50,000 tons of brick per year at its 
Project planned to begin construction plant in Minas Gerais. The new kiln, 
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TABLE 13 

U.S. EXPORTS OF MAGNESIUM COMPOUNDS 

Magnesium hydroxide Magnesium chloride Magnesium sulfate (natural Magnesium 

Year and peroxide (anhydrous and other) kieserite and epsom salts) sulfate (other) 

Quantity Value Quantity Value Quantity Value Quantity Value 

| (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

, 1989 12,072 $3,673 2,201 $1,812 95 $96 483 $519 

Source: Bureau of the Census. 

expected to be operational by 1991, was TABLE 14 TABLE 14—Continued 
designed to produce a high-density, 98% U.S. IMPORTS FOR U.S. IMPORTS FOR 

magnesia brick. In addition, one of | CONSUMPTION OF CRUDE AND CONSUMPTION OF CRUDE AND 
Magnesita’s subsidiaries, Refratec-Pro- PROCESSED MAGNESITE, BY PROCESSED MAGNESITE, BY 
ductos Electrofundidos Ltd., planned to | | COUNTRY | COUNTRY 
construct a 2,400-ton-per-year plant to 

produce a high-temperature grade of 1989 1989 
fused magnesia. Both of these new oper- C Quantity Value Count Quantity Value 
ations were part of Magnesita’s program ountry (metric (thou- Ountry (metric (thou- 

to develop new refractory products for tons) _ sands) tons) sands) 
basic-oxygen furnaces and electric arc | Caustic-calcined magnesia: Other magnesia—Continued 

furnaces.!° | Canada 56,069 $10,996 | Japan 4,226 $7,591 
China 7,569 808 Mexico © 335 156 

Canada. —Baymag officially opened Greece 6,456 789 United Kingdom 370 394 

a 14,000-ton-per-year fused magnesia | “VxicoSSSStS*=~<CS«S* 203 416 | Othr 493 844 
plant in September in Exshaw, Alberta. “Turkey SSSOS™~™:”~C«O2«S 08 5341. Total. 5,874 9,194 
Baymag produced _ caustic-calcined | ———___L do SSS SS 
magnesia at its nearby plant as the raw Other NT _iNA | Crude magnesite: 

material for the fused magnesia plant. | —_Tot@! 75,584 13,657 | Canada 1077 225 
To maintain feedstock supply, Baymag | Dead-burned and fused China (8344 645 | 
announced that it would construct a | ~“8™s#* France 158 66 
50,000-ton-per-year facility for caustic- _Ganada 746 4,582 Germany, Federal 
calcined magnesia at the new plant site. | Chima 51,382 4,914 | Republicof 55 8 
Because of the high degree of automa- | _ Czechoslovakia 12,159 948 | India 5 3 
tion in the new plant, the entire opera- Greece 45 346 7,800 Italy 259 127 
tion reportedly could be run by six Hong Kong 4,230 414 Japan 424 250 
people. Depending on market strength, Ireland 13,551 4,467 Mexico 21 8 
Baymag planned to double the plant’s | Israel 1,122 404 Taiwan 1 10 

capacity by adding two electric arc | “Japan ~S~S~*~«*SSSBA'~=C*« GSS | United Kingdom tC—<itéia;iC‘<i‘i 
furnaces. In addition to its produc- | “\iexicoSOtC=<CSsS 25,050 7,832 | ‘Total .o.+~~~-~-~-8,372.~SC«WL; 354 

nesia, Baymag was expected to supply | —Nettlands 3186 1,086 | Cained dolomite: 
magnesite for a new magnesium metal _United Kingdom 15,484 3,107 | Canada 20,854 2,755 
plant scheduled to begin operation in | Other = iS Germany, Federal 
1990. Total =————————s202,790 38,555 | __Republicof Ss 194 41 

Other magnesia: _Treland 10 4 

India.—Tamilnadu Magnesite Prod- Canada 390 123 | Mexico 8 
ucts Ltd. reportedly was constructing a | Germany, Federal _ Total 1788 2,871 

Republic of 60 86 Source: Bureau of the Census. 

TABLE 15 

: U.S. IMPORTS FOR CONSUMPTION OF MAGNESIUM COMPOUNDS 

Year and peroxide (anhydrous and other) (natural kieserite) (natural epsom salts) (other) 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1989 1,792 ~ $3,091 5,994 $1,202 11,781 $540 166 $33 9,269 $2,076 

| Source: Bureau of the Census. , 
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30,000-ton-per-year plant to produce TABLE 16 United States has not increased as sig- 
dead-burned magnesia. The new plant, WORLD MAGNESIUM nificantly. When the industry was de- 
scheduled to come on-stream in 1991, COMPOUNDS ANNUAL pressed, cheaper imports of magnesia, 
will use technology patented by Sulzer PRODUCTION CAPACITY, ! particularly from China| and Greece, 
Brothers Ltd. of the Federal Republic DECEMBER 31, 1989 began to increase dramatically. Import 
of Germany to beneficiate low-grade reliance for magnesium compounds 
magnesite to dead-burned magnesite (Thousand metric tons, MgO equivalent) rose from 4% in 1982 to 25% in 1985 
containing greater than 99% magnesia. and has remained above 20% since 

High-grade magnesia produced at the Raw material then. Even though import reliance has 

plant was expected to be used for re- Country Seawater | leveled off somewhat, the United States 
. . Magnesite . . 

fractory bricks in the country’s grow- or brines | was expected to continue to rely on 
ing steel industry. Tamilnadu Magne- | North America: | imported material to supply about 20% 

site also produced _ caustic-calcined Canada 160 — of domestic magnesium compounds 
magnesia for export. Mexico _ 170 demand. 

. . United States 100 913 
South Africa, Republic of.—Cham- Total St=<—s~Sst‘i‘sSStSOSC~*~*«dC«CBD 

~ | otte Holdings (Pty.) Ltd. installed kilns South America: Brazil 345 _ BACKGROUND 
to produce caustic-calcined magnesia for | = eee |. 
use in animal feed and fertilizers at its sl _— | 

operation in Malelane. The company has | —4usti@__ (878 — | Definitions, Grades, and 
produced refractory magnesia, and in- | Czechoslovakia 700 — | Specifications 
stallation of the new kilns was expected | _ France — 30 Primary magnesium metal contains a 
to reduce the Republic of South Africa’s Greece 612 — minimum of 99.8% magnesium. Mag- 
import dependence on caustic-calcined Ireland — 100 nesium-base alloys are named by the 
magnesia. Chamotte Holdings also com- Italy — 125 composition of the two chief alloying 
pleted a 6,000-ton-per-year magnesium Netherlands _ 120. | elements, each designated by a letter, and 
sulfate plant, with the output destined | “Norway i—«*t” _ 25 the approximate percentage of each al- 
primarily for paper, agricultural, and | “poangd SS!” 10 _ loying element. For example, AZ91 con- 
other smaller markets. A third project Spain ___| tains about 9% aluminum (A) and 1% 
. . . pain 205 . . 
involved the: installation of a plant to | —————____ zinc (Z), and HK31 contains about 3% 
produce 75,000 tons per year of magne- _ Turkey 28° 7 thorium (H) and 1% zirconium (K). 
sium carbonate fines. USSR 2,100 100 | Other letters used to specify magnesium 

_ Yugoslavia 2402S __| alloys are E for rare-earth metals and M 
Outlook Total 4,728 500_ | for manganese. 

Because the largest use for magnesium | Africa: Although many minerals contain mag- 

compounds is in the manufacture of Kenya 170 — nesium, magnesite, dolomite, brucite, 
refractories, this industry segment has South Africa, and olivine are the only minerals from 
had the greatest influence on overall Republic of 84 — | which magnesium is recovered commer- 
magnesium compounds demand. Fol- Zimbabwe 2 — | cially. Magnesite, or magnesium carbon- 
lowing the contraction of the iron and Total 256 — ate (MgCOQ,), has a theoretical magnesia 
steel industry in the mid-1980’s, ma’gne- | Agia: —— —————~_ | content of 47.6%. Dolomite is a calcium 
sia refractories demand declined to his- | “Ching st—<‘i‘iéSCSCSC‘«SN;«iOOD 10 | carbonate-magnesium carbonate mineral 
toric lows. However, a combination of | “jjga.tti<CS 29 _ | (CaCO,*MgCO,) that has a theoretical 
retrenchment and processing changes in “TsalStt(<‘is=CStStS _ 70 magnesia content of 22%. Brucite, mag- 
the iron and steel industry led to stronger | ———_____- nesium hydroxide [Mg(OH),] contains 
demand for magnesia refractories in Japan 7 489 up to 69% magnesia, and olivine 
the latter part of the 1980’s. Growth | Korea, North 1,250 — | (Mg,Fe,SiO,) contains up to 19% mag- 
for magnesia refractories in the early | __Korea. Republic of _ — 50 | nesium. Of these minerals, magnesite 
1990’s was expected to continue, but at Nepal 125 —_ | and dolomite are the largest sources of 
a slower pace than in the late 1980’s. Total 2,604 615 magnesium. 
Changes in steel furnace technology led | Oceania: Australia 10 — Seawater, brines, and bitterns repre- 
to the substitution of magnesia refracto- Grand total ~ 8,203. + ®#«+2,198 | sent vast sources of magnesium and 
ries in place of other types of refracto- | ‘tncudes capacity at operating plants as well as at plants on | Magnesium compounds. In the United 
ries. But at the same time, development | standby basis. States, more than 60% of the magne- 
of longer-lived magnesia refractories sium compounds produced annually 
lengthened the amount of time between are recovered from seawater and brines, 
furnace relinings. and 78% of the magnesium metal pro- 

Although total demand for magne- duction capacity uses seawater or 

sium compounds has increased signifi- brines as a raw material. 
cantly from its low point in the mid- Various magnesia products are made 
1980’s, magnesia production in the by calcining magnesium carbonate or | © 
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TABLE 17 

MAGNESITE: WORLD PRODUCTION, BY COUNTRY’ | 

| (Metric tons) | 

a 
Country 1985 © 1986 1987 1988? -1989° 

Australia 57,535 41,441 53,941 | 56,446 55,000 |. 

Austria 1,255,043 1,084,360 946,943 1,121,585 1,200,000 

Brazil? "260,754 296,792 390,182 404,000 400,000 

Canada* 3 136,000 144,000 150,000 150,000 150,000 

China* | 2,000,000 2,000,000 2,000,000 2,000,000 2,000,000 

Colombia 14,230 14,936 © 15,000 © 15,000 15,000 

Czechoslovakia 654,000 666,000 671,000 630,786 600,000 

Greece 845,888 884,373 841,000 930,000 900,000 

India 417,412 422,000 430,000 460,000 465,000 

Iran® 4 5,000 5,000 5,000 5,000 5,000 

Kenya® 300,000 300,000 (6%) (5) — 

Korea, North* 1,900,000 1,900,000 1,900,000 1,900,000 1,900,000 

Mexico 19,299 7,530 7,351 7,531 7,500 

Nepal 19,851 63,190 38,388 . 45,000 40,000 

Pakistan 2,113 1,757 3,740 3,081 3,000 

Philippines® 5676 650 650 650 700 

Poland 19,200 20,900 22,300 23,000 23,000 

South Africa, Republic of 28,898 61,186 74,961 — 74,088 74,000 

Spain® > 692,196 700,000 710,000 710,000 720,000 

Turkey , 1,128,961 ——- 1,313,763 1,185,904 1,161,416 1,200,000 

U.LS.S.R.S 1,975,000 1,925,000 “1,875,000 *1,825,000 1,825,000 

United States W W W W W 

Yugoslavia 417,000 _ 423,000 403,000 383,000 390,000 

Zimbabwe , 19,385 22,649 28,991 30,121 30,000 

Total 12,168,441 ¥ 12,298,527 11,753,351 11,935,704 12,003,200 

€Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data: not included in “Total.” 

' Figures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced magnesite, but output is not reported quantitatively, and available general information is inadequate for 

formulation of reliable estimates of output levels. Table includes data available through May 2, 1990. 

Series reflects output of marketable concentrates. Production of crude ore was as follows, in metric tons: 1985—623,330; 1986—648,752; 1987—860,163; 1988—810,837; and 1989—850,000 (estimated). 

3Magnesitic dolomite and brucite. Figures are estimated on the basis of reported tonnage dollar value. , 

4Year beginning Mar. 21 of that stated. 
> Reported figure. 

© Revised to zero. 

magnesium hydroxide at different tem- | Magnesia produced from magnesite | Aluminum-magnesium alloys are used in 

peratures. Caustic-calcined magnesia, | can contain between 88% and 98% | a wide variety of applications, including 

which is readily reactive with water, is | magnesia, with varying quantities of | automobiles, trucks, aircraft, appliances, 

calcined at temperatures up to 890° C. | silica, iron, calcium, and alumina im- | and home siding. Two-piece beverage 

Dead-burned magnesia, also called re- | purities. Synthetic magnesia normally | cans, each containing about 2% magne- 

fractory or sintered magnesia, is cal- | is purer than natural magnesia, con- | sium, are the largest single use for these 

cined at temperatures up to 1,450° C | taining between 92% and 99.5% mag- | aluminum-magnesium alloys. 

and is unreactive with water. Fused | nesia, with smaller quantities of the Magnesium and its alloys are used as 

magnesia is produced at temperatures | same impurities found in natural mag- | structural components in automobiles, 

greater than 3,000° C. Magnesia pro- | nesia. Most fused magnesia contains | trucks, aircraft, computers, and power 

duced from magnesite is generally | greater than 94% magnesia. tools. Many of these applications use 

called natural magnesia, and magnesia magnesium because of its light weight 

recovered from seawater or brines is | Products for Trade and Industry and its ease of machinability. Magne- 

called synthetic magnesia. The principal use for magnesium | sium is used in the iron and steel indus- 

Standards for magnesia generally are | metal, averaging greater then 50% of | try for external hot-metal desulfuriza- 

set by the consumer for a specific ap- | domestic consumption annually, is as an | tion and in the production of nodular 

plication. Refractory magnesia compo- | alloying addition to aluminum. Magne- | iron. Production of the nonferrous 

sition depends on the area of the fur- | sium improves the hardness and corro-"| metals beryllium, hafnium, titanium, 

nace in which the material is to be used. | sion resistance of pure aluminum. | uranium, and zirconium involves the 
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use of magnesium as a reducing agent. | Industry Structure cated in the centrally planned econo- 
Anodes of magnesium are used for U.S. producers of primary magnesium | mies of China, North Korea, and the 
cathodic protection of iron and steel in | and magnesium compounds are shown | U.S.S.R. Together, these three coun- 
underground pipe and water tanks. | in tables 18 and 19. Olivine is produced | tries account for 53% of the world’s 
Small quantities of magnesium are | by two companies in the United States— | magnesite production capacity. J apan 

| used as a catalyst in producing organic | Applied Industrial Minerals Corp. | and the United States account for 
| compounds, as photoengraving plates, | (AIMCOR) and Olivine Corp. AIM- | nearly 64% of the capacity for magne- 
| and in alloys other than aluminum. COR operates two mines and processing | sium compounds production from sea- 
| Refractory magnesia represents the | plants in Indiana, North Carolina, and | water and brines. Fused magnesia is 
| largest use of magnesium in com- | Washington. Olivine operates one mine | produced in France, Israel, Japan, the 
pounds. Refractory magnesia is manu- | and one processing plant in Washington. | United Kingdom, and the United 
factured into bricks and other lining Norway, the U.S.S.R., and the United | States. | 
materials principally for use in the fur- | States, with large electrolytic plants, rep- Norway is the world’s largest pro- 
naces and auxiliary equipment used to | resent 82% of the world’s magnesium | ducer of olivine, and, in addition to 
produce iron and steel. Magnesia-base | metal production capacity. Smaller ther- | supplying domestic needs, Norway’s 
refractories also are used in furnaces in | mal plants are located in Canada, China, | production is exported throughout the 
the cement, glass, and nonferrous met- | France, Italy, Japan, and Yugoslavia. | world. Countries with smaller output 
als industries. Canada is expected to replace Norway | are Austria, Italy, Japan, Mexico, 

Caustic-calcined magnesia is used in | as the third largest producer in 1990 | Spain, and the United States. 
a myriad of applications in the agricul- | when two new electrolytic facilities , | 
ture, chemical, construction, and man- | come on-stream. Technology 
ufacturing industries. Caustic-calcined In the rest of the world, the largest Two thermal processes currently are 
Magnesia is an important component | magnesite production facilities are lo- | in use to recover magnesium metal 
of animal feed and fertilizer, providing 
essential nutrients for livestock and plant 
growth. In construction, caustic-calcined | TABLE 18 

magnesia 1s used in special cements for U.S. MAGNESIUM METAL PRODUCERS, BY LOCATION, RAW 
industrial flooring and in lightweight in- MATERIAL, AND PRODUCTION CAPACITY IN 1989 
sulating wallboard. In the chemical in- 
dustry, it is used as a starting point for |} AA 
the manufacture of other magnesium Company Plant location Raw material inetrie teas) 
salts. Special grades of caustic-calcined The Dow ChemicalCo.”~‘Freeport, TX.—~*«“Seawater=S=C=<“~*~“‘=s=CS*~S~«S 
magnesia are used for pharmaceuticals, | —————————_—_____ . 
including antacids, toothpaste, milk of | Magnesium Corp. of America Rowley, UT Lake brines 35,000 
magnesia, and cosmetics. Magnesia is | Northwest AlloysInc. ss Addy, WA Dolomite ____ 35,000 
used to remove sulfur from flue gases | _ Total 160,000 
and boiler fuels and is used for acid 
neutralization in process wastewater and 

in lubricating oils. Caustic-calcined mag- TABLE 19 

nesia also is important in manufacturing | _[, MAGNESIUM COMPOUND PRODUCERS, BY RAW MATERIAL 
paper, rayon, and rubber. SOURCE, LOCATION, AND PRODUCTION CAPACITY IN 1989 

Other magnesium compounds are 
used in place of, or in addition to, |__-2-+?'-VNWTJHYY,H- _YH___]YH]]H1T_YH+THY|_—H_|_—————- . . . . . . Capacity (metric tons caustic-calcined magnesia in many of Raw material source and producing company Location of MgO equivalent) 

the above applications. Magnesium hy- Magnesite: Basic Inc. = ~~ + Gabbs,NV.~~«*100,000.~S—S 
droxide is used in the pulp and paper | —-?!2 
. . . Lake brines: 
industry; magnesium sulfate is used for | == —___________ 
pharmaceuticals, animal feed, and fer- | —Great Salt Lake Minerals & Chemicals Corp. Ogden, UT 90,000 
tilizers; and magnesium carbonate is | _Réilly IndustriesInc. ss“ Wendover, UT 45,000 
used in the chemical, pharmaceutical, | Well brines: 
and rubber industry. Fused magnesia is The Dow Chemical Co. Ludington, MI 200,000 
mainly used for electrical insulation. Martin Marietta Chemicals Manistee, MI 300,000 

The principal use for olivine is as a Morton Chemical Co. do. 10,000 
foundry sand used in casting iron and | Seawater: 
steel components and some nonferrous | “BarcroftCo.. ~~ ~~~ ~~~ ~—-—s@Lewes, DE 5,000 
metals. Olivine is used in smaller quan- | “Basic Magnesialnc. ~~~: Port St. Joe, FL 50,000 
tities for refractories, slag control I | The Dow ChemicalGo. Freeport, TX 68,000 
blast furnaces, and soil conditioning. | —2—2___—_— 
In Europe, olivine is used instead of _Marine Magnesium Co. South San Francisco, cA 19,000 
sand for blasting debris from buildings | —National Refractories & Minerals Corp. _—- Moss Landing, CA ___ 130,000 
and bridges and in incinerators.'> = | __ Tota 013,000 
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from dolomite—the Pidgeon process | from seawater by the addition of dolo- | gas is collected and recycled or sold.'* 
and the Magnetherm process. Both uti- | mitic limestone. Adding hydrochloric Mineral Process Licensing Corp. de- 
lize the same basic chemistry, but the | acid to the magnesium hydroxide pro- | veloped a one-step process for produc- 
Pidgeon process uses an external heat | duces a neutralized magnesium chloride | ing anhydrous magnesium chloride 
source, and the Magnetherm process | solution. This solution is dehydrated un- | from magnesite that was expected to be 
uses heat generated by the electrical | til it contains about 25% water and fed | used in the MagCan plant in Canada. 
resistance of the reactants. In the Pid- | directly to electrolytic cells. Reacting magnesite with chlorine gas in 
geon process, dolomite and ferrosilicon MagCorp and Norsk Hydro use an | the presence of carbon monoxide in a 
are formed into briquettes and heated | anhydrous magnesium chloride feed | packed-bed reactor at 900° C produces 
in a retort under a vacuum. Magnesium | for their electrolytic cells. MagCorp | magnesium chloride and carbon diox- 
oxide in the dolomite reacts with the | uses solar evaporation initially to con- | ide. Liquid magnesium chloride col- 
silicon to produce magnesium vapor, | centrate magnesium chloride brines | lects at the bottom of the reactor and is 
which is cooled and condensed in a | from the Great Salt Lake. After adding | tapped periodically for transfer to the 
separate section of the retort. Plants in | calcium chloride to precipitate sulfate | electrolytic cells.!° 
Canada, Italy, and Japan use this proc- | impurities, the brine is further concen- Preparing either caustic-calcined or 
ess to recover magnesium. trated and dehydrated in a spray dryer. | dead-burned magnesia from magnesite 

In the Magnetherm process, calcined | The resulting powder is melted and | involves crushing the magnesite to var- 
dolomite, ferrosilicon, and alumina are | purified to yield an anhydrous mate- | ious sizes, depending on the type of 
heated under a vacuum. Alumina re- | rial. Norsk Hydro starts with concen- | material to be produced. After crush- 
duces the melting point of the slag | trated magnesium chloride brine. The | ing, magnesite is beneficiated; the de- 
produced by the dolomite-ferrosilicon | brine is purified, concentrated, prilled, | gree of beneficiation depends on the 
reaction to make resistance heating | and dehydrated to produce anhydrous | quality of the ore and the end use. 
practical. Magnesium vapor is cooled | magnesium chloride. Lower quality ore often requires heavy- 
and condensed in a condensing cham- Electrolytic cells used to recover | media separation, magnetic separation, 
ber. The Magnetherm process is used | magnesium from either hydrous or an- | and flotation to remove impurities. 
by plants in Brazil, France, Japan, the | hydrous magnesium chloride differ | High-quality ore may require only 
United States, and Yugoslavia. from company to company, and most | screening and hand sorting to produce 

Electrolytic recovery of magnesium | information about cell design and op- | a material of acceptable quality. 
requires a magnesium chloride feed- | erating conditions are usually not dis- | Caustic-calcined magnesia is produced 
stock that is prepared from seawater or | closed. Essentially, magnesium chlo- | in shaft kilns, multiple-hearth fur- 
brines. Two types of magnesium chlo- | ride fed to an electrolytic cell is broken | naces, or rotary kilns. Dead-burned 
ride can be prepared—hydrous and an- | down into magnesium metal and chlo- | magnesia is produced in rotary kilns. 
hydrous. In the preparation of hydrous | rine gas by direct current at 700° C. In producing synthetic magnesia, 
magnesium chloride, used by Dow, | Magnesium is removed from the cell | seawater or brines are treated either 
magnesium hydroxide is precipitated | and cast into ingots, and the chlorine | with a small quantity of lime or sulfuric 

TABLE 20 

U.S. IMPORT DUTIES , 

Item | HTS Most favored nation (MFN) Non-MFN 

No. Jan. 1, 1989 Jan. 1, 1989 

Magnesium: 

Unwrought magnesium 8104.11.0000 8.0% ad val. 100% ad val. 

Unwrought magnesium alloys 8104.19.0000 6.5% ad val. 60.5% ad val. 

Wrought magnesium 8104.90.0000 14.8¢/kg on Mg content 88¢/kg on Mg content 

+ 3.5% ad val. + 20.0% ad val. 

Magnesium waste and scrap 8104.20.0000 Free Free. 

Magnesium compounds: 

Crude magnesite 2519.10.0000 Free $10.33/ton. 

Dead-burned and fused magnesia 2519.90.1000 0.4¢/kg 1.7¢/kg. 

Caustic-calcined magnesia 2519.90.2000 $2.07/ton $20.70/ton. 

Magnesia, other | 2519.90.5000 Free | 15.4¢/kg. 
Calcined dolomite 2518.20.0000 6% ad val. 30% ad val. 

Kieserite, natural 2530.20. 1000 Free Free. 

Epsom salts, natural 2530.20.2000 3.7% ad val. 20% ad val. 

Magnesium hydroxide and peroxide 2816.10.0000 3.1% ad val. 25% ad val. 

Magnesium chloride 2827.31.0000 1.5% ad val. 5% ad val. 

Magnesium sulfate 2833 .21.0000 3.7% ad val. 20% ad val. 
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. . . . : 11 : : 

acid to remove dissolved carbon diox- | operating costs."° ——- Rocky Mountain Magnesite—Baymag 
. . . . . . Starts New Fused MgO Plant. Ind. Miner. (London), 

ide. Then calcium hydroxide, in the Tariffs for magnesium and magne- | yo 267. Dec. 1989, pp. 49-53 

form of lime or dolime, is added to | sium compounds are shown in table 20. 2 Industrial Minerals (London). Caustic Magnesia— 

precipitate the dissolved magnesium as | Depletion allowance for magnesium | Industry Follows a Declining Herd. No. 223, Feb. 1987, 

magnesium hydroxide. The resulting | chloride from domestic or foreign | pp. 43-48. | 

slurry is thickened and vacuum-filtered | sources is 5%. Magnesium carbonate | __ "Griffiths, J. Olivine—Volume the Key to Success. 
to yield a filter cake containing about | and dolomite have depletion allow- | '%, a ae a a oe PP. ee , 

e * . . ’ . agnesiu Xtraction rrocesses loday. 

50% magnesium hydroxide. The filter | ances of 14% from domestic and for- | proceedings of the 39th World Magnesium Conference 

cake can be directly calcined to produce | eign ores. Depletion allowances for | & Exposition. Int. Magnesium Assoc., 1982, pp. 23-32. 

caustic-calcined or dead-burned mag- | other ores are brucite, 10% (domestic 15 Shackleton, E. E. E., A. J. Wickens, and J. H. W. 

nesia, or it can be calcined and pellet- | and foreign); and olivine, 22% (do- | Tumer. Preparation of Anhydrous Magnesium Chlo- 

ized before dead-burning to give spe- | mestic) and 14% (foreign). aeewis Pat. oe Me May eit ark 
cific size and density characteristics. Meee ee eens Nae 

Fused magnesia j d d by f . Economy Countries. A Minerals Availability Appraisal. 

. f i h sla 4, produce . y tue 1 Federal Register. Environmental Protection Agency. BuMines IC 9112, 1986, 24 pp. 

sion . Oo . ign-grade magnesite or Mining Waste Exclusion. V. 54, No. 169, Sept. 1, 1989, 

caustic-calcined synthetic magnesia in | pp. 36592-36642. OTHER SOURCES OF INFORMATION 

an electric arc furnace. After fusion, 2Ward, E. B. II. Magnesium Performs in the Auto- | 

the material is crushed, inspected to | motive Arena. Light Met. Age, v. 47, Nos. 1, 2, Feb. | Bureau of Mines Publications 

remove any unfused magnesia, and | 198% PP. 3438. | ‘ Magnesium. Ch. in Mineral Commodity 
crushed further in a b all mill. Pennington, J. N. Magnesium Extruders Assess Summaries, annual. 

-| Growth Potential. Mod. Met., v. 45, No. 8, Sept. 1989, . . 
pp. 52-62. Magnesium Compounds. Ch. in 

Economic Factors “Bureau of Mines. Nonferrous Metal Prices in the Mineral Commodity Summaries, 

Costs to produce magnesium metal | United States Through 1988. Spec. Publ., 1989, pp. annual. 

| vary greatly, depending upon the feed | °-- Magnesium. Reported quarterly in | 
material and the process used. Operat- ~ >McCulloch, R. Japan Shuffles the Producer Pack. Mineral Industry Surveys. 

. : . Met. Bull. Monthly, No. 228, Dec. 1989, pp. 57-61. . 
ing costs for magnesium production 6 a wn. Bi oT Other Sources 

. Materials Edge. Magnesium Bike Hits Big Time. . . 

range from $309 to $2,283 per ton, with | No. 13, Oct. 1989, p. 13. American Metal Market (daily 

energy costs as the largest component 7 Metal Bulletin Monthly. Mintek Takes Plasma Arc newspaper). 

of the total operating cost. Total pro- | Route to Magnesium. No. 228, Dec. 1989, p. 83. Industrial Minerals (London), monthly. 

duction costs from seawater sources “Frederick, P., and N. Bradley. Injection Molding of International Magnesium Association. 
were lower than from brines or dolo- | Thxotropic Magnesium: Update. Magnesium. The Per- Magnesium, monthly. 

it ources. Magnesium compound formance Material. Proceedings of the 46th Annual Metal Bulleti (Lo d ) bi kl 
mite Ss : g D : World Magnesium Conference. Int. Magnesium Assoc., etal bulletin ndon), DIWeeKly. 

operating costs also vary depending | 1989, pp. 63-65. Metals Week. 

upon source material and processing °Kaplan, H. I. Magnesium Supply and Demand. Roskill Information Services Ltd. 

techniques. Operating costs range from | Magnesium. The Performance Material. Proceedings of Magnesium Compounds 1990, 6th ed. 

$24 to $425 per ton for magnesium | ‘he 46th Annual World Magnesium Conference. Int. Roskill Information Services Ltd. 
. : Magnesium Assoc., 1989, pp. 45-52. . 

compound production, with seawater Oren: as . , Magnesium Metal 1987, 5th ed. 
O’Driscoll, M. Brazil’s Industrial Minerals— ° . . 

also represent the largest component of | don), No. 266, Nov. 1989, pp. 23-69. Olivine 1987, Ist ed. 
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TABLE 21 

MAGNESIUM SUPPLY-DEMAND RELATIONSHIPS 

(Thousand metric tons of contained magnesium) 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION | 

United States: | 

Nonmetal 909 727 690 512 567 574 420 412 464 622 544 

Metal 1147 1153 __ 140 93 104 144 «136 —1250 124 142 __152 

Total 1,056 _ 880 _830 605671718556 537588764 66 
Rest of world: oO ne — — — — oe a oO — 

Nonmetal 4,558 4,726 4,668 4,371 4,777 4,676 4,807 4,845 4,688 P 4,790 “4,760 

Metal 160 162 169 161 156 _184 189 196 —.200 P1920 *192 

Total 4,718 4,888 4,837 4,532 4,933 4,860 «4,996 5,041 «4,888 «4,982 *4,952 
World total 5,714 5,768 5,667 5,137 5,604 «5,578 +~=—«5,552,«5,578 «5,476 «5,746 *5,648 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

U.S. production: 

Nonmetal 909 727 690 512 567 574 420 412 464 622 544 

Primary metal | 147 153 140 93 104 144 136 125 124 142 152 

Secondary metal (old scrap) 13 16 22 21 23 24 24 23 23 28 28 

Imports: 

Nonmetal 54 46 50 39 61 115 134 160 164 198 171 

Metal 5 4 6 5 5 9 8 8 11 14 12 
Industry stocks, metal, Jan. 1 45 40 44 57 42 __ 25 . __ 32 __ 39 __ 39 ___ 28 25 

Total U.S. supply 1173 986 952 727 «802 891 754 + 767 +~ 825 ~~ 1,032 932 
Distribution of U.S. supply: 

Exports: 

Nonmetal 55 59 32 20 15 27 25 25 20 34 26 

Metal 49 52 32 36 43 44 36 40 44 50 57 

Industry stocks, metal, Dec. 31 40 44 57 42 25 32 39 39 28 25 26 

Industrial demand 1,029 831 831 629 719 788 654 663 733 923 823 |. 

U.S. DEMAND PATTERN 

Nonmetal: 

Refractories 817 629 609 446 508 531 402 376 453 583 484 

Chemicals 91 85 99 85 105 131 127 171 155 203 205 

Total 908 «= 7142S 708-——=«S381—(asi(GsCHDs—“‘<é*zSCTSCtC«iOC(té‘«~aRGSC*« RO 
Metal: ee SE 

Cans and containers 17 19 20 17 19 23 23 22 39 39 42 

Transportation 40 36 38 25 31 36 38 33 38 38 36 

Machinery 35 34 34 33 34 29 22 27 19 20 17 

Chemicals 10 7 8 6 7 8 5 3 2 1 1 

Nonferrous metal production 8 10 13 7 6 9 12 9. 5 11 12 

Iron and steel foundries 5 5 5 4 3 4 3 3 2 3 2 

Other? 6 6 5 6 6 17 22 19 20 25 24 

Total 1210 «117i (ssiBsC(ti«dSSC“<i«sé‘iC“<«‘iSSC(itiaGSC“<«‘i _SSSC«*‘dTC‘“«‘SA 
Total industrial demand 1,029 831 831 629 719 788 654 663 733 923  ~ 823 
Total U.S. primary demand‘ 1,016 815 809 608 696 764 630 640 710 895 795 

Total U.S. demand for primary metal> 108 101 101 77 83 102 101 93 102 109 106 

“Estimated. ? Preliminary. 

' Derived from production data published by the International Magnesium Association and the Canadian Department of Energy, Mines and Resources. . 
Sum of total nonmetal and total metal demands. 

3 Includes iron and steel desulfurization from 1984 to 1989. 

*Total U.S. demand less U.S. recovery from secondary metal. 

>U.S. demand for metal less U.S. recovery from secondary metal. 
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Neen ee 

By Thomas S. Jones 

Dr. Jones, a physical scientist with 31 years industry and Bureau of Mines experience, has been the commodity specialist 
for manganese since 1982. Domestic survey data were prepared by Sherwood Jordan, mineral data assistant, and 
international data tables were prepared by Giovanni Jacarepaqua, international data assistant. 

orld production of man- TABLE 1 

W ore increasednom- SALIENT MANGANESE STATISTICS 
| inally, according to pre- 

liminary data. - (Thousand short tons, gross weight) 

The price of metallurgical-grade ore _ 
advanced about 60% on international 1985 1986 1987 1988 1989 
markets to another record. Prices also | United States: 
rose significantly for manganese alloys. Manganese ore (35% or more Mn): 

Developments in the United States Exports  #§# ©. 56 4? 63 68 57 

included a slight decline In usage rate | “Imports for consumption ~+~+«&387”~té«“‘ékK“SS:*S*«MEO!*C«~SdSt*«~<CS*é«iD 
for manganese m steelmaking. The to- ~ Consumption® =~CS~*~“—sSstSOC(“‘*«~Q‘AS-SOO”~SSS”S*~<CS~SSS(C(‘C‘«SU@“#Wé‘&@G 

the greatest since 1981, and imports of | —Manganiferous ore (5% to 35% Mn): 
silicomanganese again set arecord. The | ___Production (shipments) 20 A eh a 
Government’s program of upgrading Ferromanganese: 
ore into high-carbon ferromanganese Exports 7 4 3 3 9 
was extended through 1991. Imports for consumption 367 396 368 531 476 

Consumption 466 376 409 463 440 

Stocks, Dec. 31: Consumers and producers 100 93 48 91 75 

LEGISLATION AND Production of manganese ore "27,948 ‘27,545 26,134 °26,300 26,483 

GOVERNMENT PROGRAMS | “tsimates, PPreiminary, ‘Revised, W Withheld wo avold Gucosing company propritany data, SSCS 

The Minerals Management Service 
of the U.S. Department of the Interior 
issued final regulations governing the 
second and third parts of a three-tiered | 

regulatory program for marine mining | MEC ore supply was from relatively | fense Logistics Agency (DLA) pro- 
on the U.S. Outer Continental Shelf of | few sources, chiefly Australia, Brazil, | gressed with the latest phase of the 
all leasable minerals other than oil, gas, | Gabon, India, Mexico, and the Repub- | program of upgrading metallurgical- 
and sulfur (54 FR 2042). lic of South Africa, and from just one | grade ore in the National Defense 

or two major ore mining companies in | Stockpile. A contract was made with 
each of these countries. The United | Elkem Metals Co. to convert about 
States was additionally concerned | 265,000 tons of ore into about 148,000 

STRATEGIC about supply of manganese ferroalloys | tons of high-carbon ferromanganese in 
because its domestic ferroalloy industry | 1990 and 1991 at a cost of approxi- 

CONSIDERATIONS had declined well below self-sufficiency | mately $82.3 million. In March, DLA 
. in manganese. accepted into inventory 55,034 tons of 

Security of Supply high-carbon ferromanganese to bring 
Manganese, for which there is no its stocks of that ferroalloy to 812,157 

economical substitute, is essential to | Stockpile tons. The only excess stockpile manga- 
steelmaking. Steel producers in the The sizable stockpile of manganese | nese materials sold in 1989 consisted of | 
market economy countries (MEC’s) of | materials built up by the Government | 336 tons of nonstockpile-grade metal- : 
the United States, Japan, and Western | following World War II still represented | lurgical ore. These developments, plus | 
Europe shared a common concern | a reserve of nearly 2 million tons’ of | a small accounting adjustment for nat- | 
about lack of economically minable | contained manganese as of the end of | ural battery ore, are summarized in the : 
domestic manganese deposits. Also, | 1989. On September 29, 1989, the De- | following table. | 
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Short tons, gross weight | SOurces, including steel slags, have re- | used for economic purposes, such asin | — 

Sales. ~S-~-_-_|_- Sulted in little of commercial promise. In | the event sanctions disrupt supplies 

Material Stock. Nom Change in | 2 1985 report, the U.S. Congressional | from the Republic of South Africa. 

pile stock- yearend Office of Technology Assessment (OTA) 

grade pile inventory | concluded that improvements in steel | 

Naualtaieyoe DT Tae | Progpeat for reducine US. manganese | PRODUCTION 
Metallurgical ore — 336 —78,198 | import vulnerability.* In so doing, OTA 
High-carbon | discounted ocean mining for the present. Ore and Concentrate 
ferromanganese — — _+55,034 The setting up and maintenance of a Production and shipments consisted 

large stockpile has been the most tan- | only of manganiferous material having 

gible aspect of Government manganese | a natural manganese content of 5% to 

ISSUES programs. Management of this stock- | 15% mined in Cherokee County, SC, 

pile is a Key part of Government policy. | for use in coloring brick. Publication 

Current law limits use of the stockpile | of shipments data was precluded to 

The United States has been lacking in | to emergency situations, but its mere | avoid disclosing proprietary data. 

reserves and significant production of | presence has had economic implica- 

manganese almost since the start of do- | tions. Questions that have arisen from | Ferroalloys and Metal — 

mestic steel production. Extensive efforts | time to time include what the makeup Publication of statistics was pre- 

to discover worthwhile ore deposits or | and size of the manganese stockpile | cluded to avoid disclosing proprietary 

effective methods of using low-grade re- | should be and whether it should be | data. 

TABLE 2 

U.S. GOVERNMENT STOCKPILE GOALS AND YEAREND INVENTORIES 

| FOR MANGANESE MATERIALS IN 1989 | 

(Short tons, gross weight) 

a 
Physical inventory, Dec. 31 

Material Stockpile Uncommitted Sold, Grand | 

goals Stockpile Nonstockpile T pending total 
grade grade otal shipment | 

Natural battery ore 62,000 169,511 33,425 202,936 787 203,723 

Synthetic manganese dioxide 25,000 3,011 — 3,011 — 3,011 

Chemical ore 170,000 171,717 89 171,806 417 172,223 

Metallurgical ore 2,700,000 1,940,696 911,408 2,852,104 13,310 2,865,414 

High-carbon ferromanganese 439,000 812,157 — 812,157 — 812,157 

Medium-carbon ferromanganese — 29,057 — 29,057 — 29,057 

Silicomanganese — 23,574 — 23,574 — 23,574 

Electrolytic metal — 14,172 — 14,172 — 14,172 

TABLE 3 

DOMESTIC PRODUCERS OF MANGANESE PRODUCTS IN 1989 

a 

Company Plant location ________Products’ Type of process 
FeMn SiMn Mn MnO, 

Chemetals Inc. Baltimore, MD — —_ — xX Chemical. 

Do. New Johnsonville, TN — — — 4 Electrolytic. | 

Elkem Metals Co. Marietta, OH Xx x xX — Electric furnace and electrolytic. 

Kerr-McGee Chemical Corp. Hamilton, MS — — Xx — Electrolytic. 

Do. Henderson, NV — — — xX Do. 

Ralston Purina Co.: 

Eveready Battery Co. Marietta, OH — — — xX Do. 

RAYOVAC Corp.: Materials Div. Covington, TN — — — xX Do. 

SKW Alloys Inc. Calvert City, KY — xX — — Electric furnace. 

'FeMn, ferromanganese; SiMn, silicomanganese; Mn, electrolytic manganese metal; MnO , synthetic manganese dioxide. 
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rn ate e ana we TABLE 5 
CONSUMPTION, USES, 
AND STOCKS U.S. CONSUMPTION, BY END USE, AND INDUSTRY STOCKS OF 

nn MANGANESE FERROALLOYS AND METAL IN 1989 

Metallurgical applications accounted (Short tons, gross weight) 
for most manganese consumption, about 
90% for steelmaking. Relatively small Ferromanganese a: 

ws . — Silico- Manganese 
quantities of manganese were used for End use High Medium and Total manganese metal 
alloying with nonferrous metals, chiefly carbon low carbon 
aluminum. Nonmetallurgical applica- | Steel: | 

tions included dry cell batteries, plant Carbon 244,493 84,261 328,754 71,684 945 
fertilizers, animal feed, brick coloring, Stainless and 
and manganese chemicals.* heat-resisting 12,509 (@) 12,509 4,849 2,274 

fo Full alloy 33,371 8,956 42,327 16,290 733 
Ironmaking and Steelmaking | High-strength, 

The average rate of consumption of low-alloy 29,849 5,219 35,068 6,785 (') 
manganese as manganese ore in mak- | Electric () (’) (’) (’) (’) 
ing pig iron or equivalent hot metal Tool 318 (?) 318 () 74 

stayed at 1.2 pounds per ton of raw Unspecified 181 690 87] 413 65 

steel, as rere ooo, a reported Total steel” 320,721 99,126 419,847 99,821 4,091 
consumption Of 135,000 tons of man- | Cast irons 12,631 979 13,610 1,712 — 
ganese ore in production of 97.9 mil- Superallovs w w 170 
lion tons of raw steel. Alloys (xchiding alloy _ 

‘ . 7 oys (excluding alloy . 

. For reported con sumption in produc steels and superalloys) 954 W 954 W 318,689 
tion of 99.1 million tons of raw steel | ———— 
and steel castings, the pounds of man- Miscellaneous and 8 Pp . | | unspecified 5,252 245 5,497 2,815 491 
ganese consumed per ton ol raw stee Total consumption 339,558 100,350 439,908 4104,348 23,441 
was 6.7 as ferromanganese, 1.3 as sili-_ | ——_—__—__ =—— =— —— —_——— 
comanganese, and 0.1 for metal. The Total manganese 

& ? ° ow content? 265,000 80,000 345,000 69,000 23,000 
total of 8.1 was 6% less than in 1988.0) OS 0 CSC OES 

Stocks, Dec. 31: 

. . Consumers and 
Battery and Miscellaneous Industries producers 66,505 8,581 75,086 10,393 4,086 

Production of alkaline batteries be- W Withheld to avoid disclosing company proprietary data; included with ‘“‘Miscellaneous and unspecified.” 

gan in the latter part of the year at the | | Withheld to avoid disclosing company proprietary data; included with “Steel: Unspecified.” 
* 2 Includes estimates. 

Columbus, GA, plant of the joint ven- 3 Approximately 90% of this subtotal was for consumption in aluminum alloys. 

ture between the Ultra Technologies 4 Internal evaluation indicates that silicomanganese consumption is considerably understated. 

Inc. subsidiary of Eastman Kodak Co. Estimated based on typical percent manganese content (rounded). 

and Japan’s Matsushita Battery Indus- 
trial Co. Ltd. In Wisconsin, Rayovac 
Corp. announced a major expansion of | port, IL, once one of the larger domes- | of alkaline cells, based on synthetic 
alkaline battery facilities at its Fenni- | tic sources of carbon-zinc batteries, | dioxide. 
more, WI, plant, to occur over a 4-year | exemplified the trend for carbon-zinc Through U.S. subsidiaries, Sweden’s 
period. cells, based on natural manganese di- | ESAB AB acquired the worldwide op- 

Bankruptcy of Burgess Inc., Free- | oxide, to decrease in popularity in favor | erations of L-TEC Welding and Cut- 

ting Systems. L-TEC’s activities have 
: included a plant at Niagara Falls, NY, 

TABLE 4 where manganese materials are used in 

U.S. CONSUMPTION AND INDUSTRY STOCKS making welding fluxes. 
OF MANGANESE ORE,’ BY USE 

(Short tons, gross weight) 
. PRICES 

Consumption Stocks, Dec. 31 
Use SS a 1988 1989 1988 i939 | Manganese Ore _ 

Manganese alloys and metal W W 127,205 W The price of metallurgical manga- 

Pig iron and steel © 138,000 135,000 © 130,000 167,000 | ese ore rose-by about 60%, ha even 
Dry cells, chemicals, miscellaneous” W W 201,252 W Oe en ag ich tor sce a 

Total® 554,000 616,000 458,457 518,000 » 10 ¢ ONE Price 
TPaimaed W WALRIG OE) Gn ice eg commercial transactions. Factors cited 

i Containing 35% or more vranganese (natu rey NLL IIE as being behind ore price increases were 
*Natural ore, including that consumed in making synthetic manganese dioxide. increased demand and price for man- 
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ganese ferroalloys, increased Japanese | carbon ferromanganese. Increasing ore | during the 1980’s. Reported imports of 
demand for ore for direct steelmaking, | costs and strong demand from steel- | spiegeleisen were 276 tons. 
continued imports by East European | makers were credited for the ferroalloy Imports of manganese dioxide, all 
countries and China that were esti- | price increases. apparently synthetic except 10 tons 

mated to total about 1 million tons, For high-carbon ferromanganese | from Morocco, dropped 70%. Re- 
and limited international sourcing. containing 78% manganese, the price | ceipts, total and from Japan, were the 

The average price, c.i.f. U.S. ports, | of imported material, f.o.b. Pittsburgh | lowest since a separate tariff category 
for metallurgical ore containing 48% | or Chicago warehouse, continued in | was established in 1978. Imports of 
manganese was assessed as $2.80 per | 1989 at $600-$615 per long ton of alloy, | potassium permanganate advanced to a 
long ton unit, compared with $1.78 in | rose to a record peak of $660-$680, | record, especially because of Chinese 
1988. Corresponding 1989 and 1988 | receded to $570-$595, and closed the | material. Listed under imports classi- 

prices were $2.76 and $1.75 per metric | year at $620-$645. The domestic pro- | fied as “Other sulfates,” which includes 
ton unit, and 12.5 and 7.9 cents per | ducer price listed by Elkem Metals, | manganese sulfate, were 8,091 tons 
pound of manganese in ore. The price | f.o.b. plant or warehouse, followed a | from Mexico valued at $3.9 million. 
trend for manganese in metallurgical | somewhat different course by carrying 
ore during the past two decades is given | over from 1988 at $615, increasing first | Tariffs 
in the accompanying table. to $680 as of February and then to $695 Effective January 1, 1989, the Har- 

as of mid-June, and remaining at $695 | monized Tariff Schedule (HTS) re- 
TABLE 6 for.the rest of 1989. placed the Tariff Schedules of the 

TIME-PRICE RELATIONSHIPS For silicomanganese with 2% car- | United States as the basis of foreign 
FOR MANGANESE IN bon, the price in cents per pound of trade categories and import duties. Du- | 
METALLURGICAL ORE alloy, f.o.b. Pittsburgh or Chicago ties that otherwise would have applied 

warehouse, started at yearend 1988’s | to imports from Canada under HTS 

$$ | level of 35-36.25, advanced to 44-45.5, | were modified under the United States- 

| “ “liars annual U.S. price, and then fell to 24-26 before closing at | Canada Free-Trade Agreement by Pres- 
Year __ Collars per tong ton unit __ | 26-28. The price for domestic material | idential Proclamation 5923 (53 FR 

Actual price BaD from Elkem Metals, similar basis, | 50638). 
ollars . 

19690 SQ an started the year at 36.5, increased to 45, Imports on or after November 14, 
——_____-____________——______ | and ended the year at 35. 1988, of electrolytic manganese dioxide 
1970 A (EMD) from Greece and Japan became 
jot OO iS ss |: Manganese Metal liable for assessment of antidumping 
1972 -60 1.29 For bulk shipments of domestic ma- | duties of 37% for EMD from Greece 

| 1973 -65 | 1.31 terial, f.o.b. shipping point, trade jour- | and ranging from 72% to 77% for 
1974 .90 1.67 nals listed a price range of 91-96 or | EMD from Japan. The International 

1975 1,38 2.33 91-95 cents for all or the last three | Trade Administration of the U.S. De- 
| 1976 1.45 2.30. quarters of 1989, respectively. partment of Commerce announced im- 

1977—sti‘<‘«~2!UA’!.!!!!UC«OOO!” position of the antidumping duties on 
1978 4140... 4.94. | ———— Se April 17 (54 FR 15243). 

1979 1.40 1.78 FOREIGN TRADE 

1980 1.70 1.98 T_T 

i For ore, unit values indicated exports WORLD REVIEW 
19820 SBS ss to Canada, the majority of exports to 
1983 1.38 1.33 countries other than Canada and Mex- | Capacity 
1984 1.42 1.32 ico, and reexports of 1,384 tons (all to The rated capacity data in table 9 are 
1985 1.43 1.29 Canada) were metallurgical ore. Virtu- | as of December 31, 1989, and are un- 

1986 1.34 1.18 ally all reported ore exports to Mexico | changed from those of the previous 

1987 1.29 1.10 appeared to have been transshipments | year. The data correspond to the man- 
1988  &42141.78 4.47... | Of Gabonese ore. ganese contents of ore and/or concen- 
1999 280 #4|92 | The overall quantity of manganese | trates capable of being utilized, as in 
oO T_T} Nts imported rose slightly to the | feed to a smelter. Rated capacity is 

greatest total since 1981. Average grade | defined as the maximum quantity of 
Manganese Ferroalloys of imported ore decreased to 46.7%, | product that can be produced in a 

Based on quotations for imports, the | the least since 1982. Imports of ore | period of time on a normally sustain- 
general price trend for manganese fer- | from Ghana were officially recorded | able long-term operating rate. 

roalloys was upward in the first part of | for the first time since 1974. Average | 

1989 and then downward, ending with | manganese content of all ferromanga- | .Reserves 
a firming of prices in December. A | nese imports again declined, to 77.8%, Only a few of the world’s many man- 
relative advance in year-average price of | the lowest average since 1981. Record | ganese concentrations have enough eco- 

nearly 40% for silicomanganese was | imports of silicomanganese included | nomic significance to be classed as 
almost double that of 21% for high- | shipments from China, the only such | reserves;* no domestic deposits qualify.” 
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TABLE 7 grade product was projected. 

U.S. EXPORTS OF MANGANESE ORE, Total manganese ore shipments by 
FERROALLOYS, AND METAL, BY COUNTRY Cia. Vale do Rio Doce (CVRD) from its 

| Azul Mine in the Carajas region rose by 
TTT aia AN | abOUt One-fifth to 594,000 tons. Ex- 

1988 1989 . 

Country Gross weight Value Gross weight Value ports were uP about one-third to 

(short tons) (thousands) (short tons) (thousands) 393,000 tons wine shipme nts i; pra il- 
ss ssosoom—™———— 5 BE aD CONCENTRATES nn oan advanced just slightly to 
Se ; tons. | 

0 or more manganese _20% or more manganese _ New record highs were set for pro- 
Canada ——‘“‘C*NS;« OB $1,349 16,624 $1,413 duction of manganese ferroalloys over- 
Mexico! 50,618 4,017 35,952 2,957 all and for medium- and low-carbon 
Other 1,765 129 4,615 643 ferromanganese and _ silicomanganese 
Total? 67,991 5,496 57,191 5,014 categories; the corresponding totals 

FERROMANGANESE, ALL GRADES were 429,000 tons, 29,000 tons, and 

Belgium-Luxembourg 428 368 510 490 230,000 tons. 
Canada (tt—‘(‘sS™sS™S 2,182 1,854 3,108 2,650 ‘At midyear, Cia. Paulista de Ferro- 

Chie 18 77 1,451 688 Ligas (Paulista) brought on-stream a 

Germany, Federal Republic of - 295 250 329 292 ‘| Plant at Conselheiro Lafaiete, Minas 
Maio ©. 99 89 1.593 1.240 Gerais State, with annual capacities of 
SIE LALEEEEEEEEEEEEEEEEEEEEEEEEEE ; ; ° , 2,750 tons each for electrolytic manga- 
Other OT 025 id 9ST | nese metal and EMD. The plant is close 
Tol? 8295090147310 | to where Paulista produces carbonate- 

| SILICOMANGANESE type ore. 

Canada 4,178 2,829 1,690 990 

Mexico 101 111 3,466 2,578 Canada 
Trinidad and Tobago 2,755 1,543 246 159 Wabush Mines developed the capabil- 

Other 3433 3493 457 342 ity to produce, from its mine in Labra- 
Total? i wti(isi‘;é;;;CérOCO#;#;#««TSU!!!C«CSBSBC!!C«COOR | OF, Newfoundland Province, fluxed or 

_ METAL, INCLUDING ALLOYS AND WASTE AND SCRAP _ | @Cid iron ore pellets having a manganese 
Belgium-Luxembourg ~~ ~—SCS~SHS~“i«‘“‘S™S™*~*WM&CO”*~‘#U’”'OLNS”=*C*~*«~‘“‘t*‘C:*«*SC«SB'SC*C*« content of either 1% or 2%. 

Canada 1,741 3,107 1,097 2,422 China . 

Japan 1,822 2,933 136 1,194 China continued to import signifi- 
Netherlands 2,419 4,096 1,378 2,609 cant quantities of manganese ore, 
Other 3,041 4,841 1,299 2,605 again from Australia and Gabon, and, 

- Total? 9,859 16,242 5,667 10,632 according to the trade press, also the 

Virtually all apparently transshipments from Gabon. ‘i Republic of South Africa. A portion of 

ee these imports was barter and other 
Source: Bureau of the Census; adjusted by the Bureau of Mines. types of arrangements in which Chi- 

nese ferroalloy plants smelted imported 

ore into products subsequently ex- 
| ported, mainly silicomanganese. 

World reserves of manganese, on the | Brazil 
same basis as capacity, are given in table Shipments of manganese ores from | Gabon 
10 with no distinction between ore type | the Serra do Navio, Amapa Territory, Routing of shipments by Compagnie 
or application. This table excludes per- | operations of Industria e Comeércia de | Miniere de l’?Ogooué S.A. (COMILOG) 
haps 1% to 2% of total known reserves | Minérios S.A. (ICOMI), plus 8,000 | in 1989 was about evenly divided be- 
in nonlisted countries having only a/| tons of sinter, totaled only 733,000 | tween railings to the new port at Owendo 
small production. tons. Shipments, in tons, via Porto de | within Gabon and the established aerial 

Santana on the Amazon River, were | tramway-railway system terminating at 
Australia 441,000 to European Community plus | the port of Pointe-Noire in the Congo. 

Output from the manganese ore op- | Comecon countries, 77,000 to South | USX Corp. of the United States reduced 
erations of Groote Eylandt Mining Co. | America, 43,000 to North America, | its holding in COMILOG to 15% in the 
Pty. Ltd. (GEMCO), a subsidiary of | and 172,000 to Brazilian consumers.’ | fall of 1989, down from 36% at each 

Broken Hill Pty. Co. Ltd. (BHP), ad- | The plant ICOMI previously operated | yearend since 1983. 
vanced to a new record. GEMCO’s | in the port area for pelletizing manga- 
exports and domestic shipments ad- | nese ore fines was converted into a unit | Ghana 
vanced slightly, to 1,754,000 tons and | for sintering such fines. Once the sinter Ore exports from the Nsuta Mine of 

440,000 tons, respectively, to give a | plant was fully operational, annual out- | Ghana National Manganese Corp. to- 
shipments total of 2,194,000 tons.° put of about 50,000 tons of a high- | taled 314,000 tons. Shipments were 
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TABLE 8 

U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, 
| | METAL, AND SELECTED CHEMICALS, BY COUNTRY 

8B I 
Country — Gross weight Manga it Value Gross weight | Manga a Value 

(short tons) (short tons) (thousands) (short tons) (short tons) (thousands) 

ORE AND CONCENTRATES 

35% or more manganese 20% or more manganese , 

Australia 175,717 139,324 $3,440 115,844 60,436 $9,492 

Brazil 57,528 27,004 2,700 216,526 "93,283 10,481 

Canada? — — — 2,173 1,086 49 

Gabon? '290,548 "146,654 16,972 218,039 109,637 19,196 

Ghana — — — 5,692 2,562 148 

Mexico 87,730 35,490 5,920 125,366 9,828 11,425 

Morocco 172 494 42 39 420 9 

South Africa, Republic of a — — 54,821 21,618 2,988 

United Kingdom — — — 24 16 5 

Total > 511,695 248,566 29,074 638,524 298,485 43,794 

| Of which, more than 35% but Of which, more than 20% but 

less than 47% manganese less than 47% manganese 

Brazil 22,652 10,263 879 184,121 77,230 7,700 

Ghana — — — | 5,692 2,562 148 

Mexico 79,778 31,742 4,757 124,411 '9,369 '1,279 

South Africa, Republic of — — — 52,657 20,562 2,776 

Total > 102,430 42,005 5,636 266,881 109,724 11,903 

Of which, 47% or more manganese 

Australia | | 175,717 139,324 | '3,440 115,844 60,436 9,492 

Brazil 34,876 16,741 1,821 32,405 116,053 2,781 

Canada? . — — — 2,173 1,086 49 

Gabon? '290,548 1 146,654 16,972 218,039 1 109,637 19,196 | 

| Mexico 7,952 3,748 1,163 955 '459 146 

Morocco | 172 494 42 39 420 9 

South Africa, Republic of — — —_— 2,164 1,056 212 

United Kingdom? — — — 24 16 5 

Total > 409,265 206,561 23,438 371,643 188,761 31,891 

FERROMANGANESE | 

| All grades 

Australia 14,897 10,777 3,011 28,987 21,536 8,407 

Brazil 26,333 20,119 9,634 15,786 11,980 7,558 

Canada 32,221 24,752 11,024 5,139 3,887 1,878 

China 4,778 3,658 1,916 8,893 | 6,787 3,934 

France 143,808 113,874 56,361 146,727 115,217 72,988 

Germany, Federal Republic of 12,620 10,122 9,646 16,149 13,124 13,643 

Mexico 37,012 29,361 19,685 37,775 30,218 28,018 

Norway 39,718 132,388 124,238 19,636 16,239 15,730 

South Africa, Republic of 195,729 151,867 63,171 181,402 139,267 83,496 

Other 24,164 18,938 13,534 15,570 12,228 10,887 

Total > 531,281 415,858 212,221 476,063 370,483 246,540 

| Of which, 1% or less carbon 

France 14,631 13,196 15,580 8,805 7,761 12,552 

Italy 2,256 2,014 2,481 2,015 1,778 2,644 

Norway "3,488 3,018 14,060 5,153 4,402 5,645 

Other 560 501 583 1,202 1,063 1,548 

Total > 20,935 18,729 22,704 17,175 15,006 22,388 

See footnotes at end of table. 
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TABLE 8—Continued 

U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, 
METAL, AND SELECTED CHEMICALS, BY COUNTRY 

apg ggg 
Country Gross weight Manganese Value Gross weight Manganese Value 

(short tons) content (thousands) (short tons) content (thousands) (short tons) (short tons) 

, FERROMANGANESE—Continued 

More than 1% to 4% or less carbon More than 1% to 2% or less carbon 
Belgium-Luxembourg 3,620 2,973 $2,741 _— — — 
France 4,707 3,863 2,230 1,378 1,144 $1,306 
Germany, Federal Republic of 12,104 9,856 9,481 16,133 13,112 13,631 
Japan 3,362 2,602 1,967 2,205 1,682 1,729 
Mexico 27,421 21,668 14,453 34,777 27,987 26,829 

| Norway 128,996 '23,771 17,830 11,386 9,384 8,631 
South Africa, Republic of 2,599 2,090 1,802 1,093 867 955 
Other 4,104 3,300 2,166 331 265 226 
Total> 86,913 70,123 52,670 67,302 54,441 53,307 

More than 2% to 4% or less carbon 

Mexico XX XX XX 73 58 29 
Total XX XX XX 73 58 29 

More than 4% carbon . 
Australia 14,897 10,777 3,011 28,987 21,536 | 8,407 
Brazil 25,392 19,401 9,040 15,786 11,980 7,558 | 
Canada | 31,756 24,383 10,752 5,139 3,887 1,878 
China | | 4,778 3,658 1,916 8,562 6,522 3,708 
France 124,470 96,815 38,551 136,544 106,312 59,130 
South Africa, Republic of 193,094 149,744 61,341 180,309 138,400 82,541 
Other 29,046 22,228 12,235 16,186 12,343 7,592 
Total> 423,433 327,006 136,846 391,513 300,978 170,816 

| | SILICOMANGANESE 
Australia 33,158 21,549 10,033 41,281 26,962 16,057 
Brazil 22,102 14,551 8,776 24,657 16,147 15,596 
China _ — — 7,190 4,814 4,832 
Mexico 34,459 22,590 13,806 42,854 28,207 24,053 
Norway , 4,108 2,595 2,863 5,780 3,635 4,956 
South Africa, Republic of 101,705 67,717 40,147 81,929 52,940 50,9438 
Yugoslavia 32,606 21,247 13,415 38,715 25,213 25,281 
Other 4,076 2,635 2,888 12,984 8,566 9,517 
Total > 232,214 152,884 91,928 255,391 166,484 151,241 

METAL 
Unwrought: 

China — XX — 99 XX 142 
South Africa, Republic of 11,730 XX 14,946 12,075 XX 16,354 

Total > 11,730 XX 14,946 12,175 XX 16,497 
Other: a a a a Oo a 

South Africa, Republic of XX XX XX 3,467 XX 4,388 

Other XX XX XX 468 XX 1,375 
Total > XX XX XX 3,936 XX 5,763 

Waste and scrap: 

Canada 82 XX 4 36 XX 23 
See footnotes at end of table. 
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TABLE 8—Continued 

U.S. IMPORTS FOR CONSUMPTION OF MANGANESE ORE, FERROALLOYS, | 

, METAL, AND SELECTED CHEMICALS, BY COUNTRY 

ce 
. 1988 1989 

| Country Gross weight Manganese Value Gross weight Manganese Value 

. (short tons) content (thousands) (short tons) content (thousands) 
| | (short tons) (short tons) 

| —SSSSCMANGANESE DIOXIDE, 
Belgium-Luxembourg 1,293 XX | $1,613 1,284 XX $1,637 

Brazil 1,393 XX 1,500 1,914 XX 2,045 

Greece | 139 XX 168 103 XX 146 

Ireland — XX — 377 XX 465 

Japan 18,895 XX 19,559 171 XX 253 

South Africa, Republic of | 597 XX 486 2,651 XX 2,293 

Other 250 XX 405 201 XX 373 

Total> 22,567 xXx 23,731 6,701 XX 7,212 

. POTASSIUM PERMANGANATE 

China | | 551 XX 568 1,038 XX 1,117 

German Democratic Republic 220 XX 249 335 XX 434 

Spain 677 XX 1,157 690 XX 1,274 

| Other 139 XX 491 136 XX 411 

Total > | 1,587 XX 2,465 2,198 XX 3,236 

XX Not applicable. 

‘Includes Bureau of Mines revision of part of reported data. 

2 Country of transshipment rather than original source. . . 

3 Includes quantities believed transshipped to Mexico, about 50,000 tons in 1988 and 36,000 tons in 1989. a 

4 Includes Bureau of Mines conversion of part of reported data (from apparent MnO, content to Mn content). 

> Data may not add to totals shown because of independent rounding. . 

Source: Bureau of the Census, adjusted by the Bureau of Mines. 

made through the Port of Takoradi to | 

Finland, Ireland, Italy, Norway, Portu- 

gal, and Spain in Western Europe; to | : 

Romania in Eastern Europe; to Japan 

and Singapore in the Far East; and to | 

the United States." - TABLE 9 

Japan | U.S. IMPORT DUTIES ON MANGANESE MATERIALS* 

Production increased to 434,000 tons So 

for ferromanganese overall and 135,000 HTS Rate of duty effective Jan. 1, 1989 

tons for silicomanganese. Item Most favored 
: No. . Non-MFN 

In foreign trade in manganese fer- __ nation (MFN) 

roalloys, imports of silicomanganese , Manganese dioxide 2820.10.00 4.7% ad valorem? * * 25% ad valorem. 

easily set a new record in rising to | Ore and concentrate 2602.00.00 Free 1 cent per pound Mn. 

302,000 tons. China was the source Of | Ferromanganese: 

over one-half of the total. Exports of | low-carbon 7202.19.10 2.3% ad valorem? 3° 22% ad valorem. 
silicomanganese advanced 2.5-fold to | “j\gegim-carbon.ti(‘i‘(t*é‘iéC~S OT 

2,750 tons. For ferromanganese, im- 1% to 2% carbon 7202.19.50 1.4% ad valorem? 35° 6.5% ad valorem. 

ports decreased 20% to 24,000 tons High-carbon 7202.11.50 1.5% ad valorem? ° 10.5% ad valorem. 

while exports increased 17% to 16,600 Silicomanganese 7202.30.00 3.9% ad valorem? *°7 23% ad valorem. 

tons. , Metal 8111.00.45 14% ad valorem? ® 20% ad valorem. 
For EMD, production fell almost | ————————_________—_____~ under the Caribbean Basin Economy 

fi fth t 61 3 00 t th 1 t . All subject to (1) 0.17% ad valorem user fee except for products from beneficiary countries under the Caribbean Basin Economy 

one-fl O ’ ons, € 1east since Recovery Act (CBERA) and least-developed developing countries and (2) 0.04% ad valorem harbor-maintenance fee for cargo unloaded 

1985 . Exports declined nearly 30% ; from waterborne vessels at U.S. ports open to public navigation. 

from 49 800 tons in 1988 to 36 000 2 Free from beneficiary countries under CBERA and for products of Israel. 

; . ; 3 Free from certain countries under Generalized System of Preferences. 

tons, the lowest level since 1982. 43.7% ad valorem for products of Canada. 

Production of electrolytic manga- | Free for products of Canada. 
Not duty free for Mexico. 

nese metal advanced 14% to 4,960 | not duty free for Brazil. 
tons. Imports of unwrought manga- | °12.6% ad valorem for products of Canada. | 
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nese metal, including scrap, increased TABLE 10 Also in the second half of 1989, 
to 11,800 tons, most of which was from | woORLD ANNUAL MANGANESE 1 | Manganese Metal Co. (Pty.) Ltd. 
the Republic of South Africa. Exports | WINE PRODUCTION CAPACITY, | (MMC) began producing manganese 
were 1,080 tons, compared with 150 - DECEMBER 31, 1989 oxide (Mn,0,) for ferrite manufacture. 
tons for 1988. Annual capacity for oxide of MMC’s 

(Thousand short tons of manganese content) new plant at Nelspruit, Transvaal Prov- 

Mexico | | ince, was 2,200 tons. 
Toward midyear, Nacional Finan- | Rated 

ciera, a development bank of the Mex- ____ capacity U.S.S.R. 
ican Government, foreclosed on its | North America: Lack of the customary published re- 
controlling interest and took over man- Mexico 250 ports implied production declines for 

agement and operation of Cia. Minera United States — both major ore-producing areas, the | 
Autlan S.A. de C.V. (Autlan). Produc- Total 250 Nikopol’ Basin in the Ukraine and the 
tion decreased at Autlan’s operations | south America) 222 2SSOt=<CSs=‘“‘=SSCSC:CSC=C(:«C;CCChiittrraa: Basin inn Georgia. 
in the Molango District of Hidalgo | “30, OCOC~CSC~CtCS 1,400 Ore exports in 1988 were nearly 40% 
State. Respective 1989 and 1988 out- Chile 20 greater than those in 1987, and ship- 
puts were, in tons, 700,000 and 745,000 Toll ago ments to Poland increased over 70%. 
for carbonate ore, 388,000 and 434,000 or == | Even so, the total of 1,082,000 tons for 
for oxide nodules produced by calcin- | Evope; 1988 was the lowest of any year since 
ing carbonate ore, and 19,700 and | Bulgaria 15 1964. Principal destinations for 1988 
29,300 for battery ore from the Hungary 30 exports, accounting for 90% of the 
Nonoalco Mine. | U.S.S.R. 3,500 total, were, in tons: Poland, 649,000; 

Other 40 Czechoslovakia, 197,000; German Dem- 

Norway Total 3,585 ocratic Republic, 93,000; and Bulgaria, 
The Government approved requests | Africa: ~— | 49,000. : 

of Elkem A/S and Tinfos Jernverk | Gaponsti<i‘i‘OSC~™S 1,300 . 
A/S, the country’s two manganese fer- "Ghanat(<CsSststCSststS ee 
roalloy producers, and extended from “Morocco 30 CURRENT RESEARCH 

. . orocco 

July 20, 1989, until July 20, 1991, their | ———_____ OT aa 
. . . . South Africa, Republic 

exemption from sanctions against im- of 2,300 

porting manganese ore from the Re- | ——;—Oo 77 Recent trends have affected the man- 
. . otal 3,780 . . 

public of South Africa. Aaa | er of manganese usage in steelmaking. 

South Africa, Republic of Ching 550 
Ore production increased 3%, at- Sra ve TABLE 11 | 

taining the highest level since 1986. ther 

Production in 1989 of the various cat- Total 1,165 | WORLD MANGANESE RESERVES 
egories of ore was as follows: Oceania: AND RESERVE BASE 

Australia 1,300 (Million short tons of manganese content) 

Quantity World total (rounded) 11,500 

(thousand Reserve 

short tons, Reserves base 

_ gross weight)’ | 1 965,000 tons, the greatest volume of North America: SOti<Ci=COS 
METALLURGICAL ORE shipments since 1979. USX of the United | Mexico 4 10 
30% to 40% Mn 1,205 States sold its former equity interests of | south America: 
Over 40% to 45% Mn 720 21% in AMMOSAL and 45% in Feral- | Brazil | 23 65 

Over 45% to 48% Mn 726 loys Ltd., the ferromanganese-producing | Europe: U.S.S.R. 325 500 

Over 48% Mn 1,260 subsidiary of AMMOSAL. Africa: OO — 
Total ti(<i‘ié™S™S™;CCS#«CSNN! Samancor Ltd. completed renovation | “Gabon (  t—~™S” 58 180 

" CHEMICALORE | Of @ 25-megavolt-ampere furnace for |“ Gnana” 1 5 
35% MnO, andless _ manganese ferroalloys at its Metalloys South Africa, 
—— Works at Meyerton, Transvaal Province. Republic of 407 2,900 

. Over 35% to 65% MnO, 82 . ee se 
ee Close to yearend, Samancor put into Total. 466 3.085 

Over 65% to 75% MnO, ss ___?___| operation at its Mamatwan Mine a | ——————- === === 
Total 83 h ar Asay ees heavy-medium ore-beneficiating plant : 

‘Data may not add to totals shown because of independent for producing concentrate containing Erma 15 32 

rounding. | about 43% manganese. This concentrate | India 
became feed for the mine’s sinter plant, | ___1o@l == a ks 4 60 

Manganese ore shipments by The As- | with which high-grade sinter containing | Oceania: Australia = 440 170 
sociated Manganese Mines of South Af- | a minimum of 48% manganese could World total 
rica Ltd. (AMMOSAL) rose 17% to | now be obtained. , ___ founded) 900 3,900 
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TABLE 12. 

MANGANESE ORE: WORLD PRODUCTION, BY COUNTRY’! 

. (Thousand short tons unless otherwise specified) 

a 

. Range Gross weight Metal content 

Country” percent TT TT 
Mn¢3 1985 1986 1987 1988” 1989° 1985 1986 1987 1988 1989° 

ee 

Australia * 37-53 2,208 1,818 2,043 2,189 52,341 1,056 867 972 © 1,041 54,111 

Brazil® ’ 30-50 2,781 2,973 2,279 2,144 1,800 997 1,277 842 — 794 670 

Bulgaria 29 42 41 42 “44 44 12 12 12 *13 12 

China®® 20-30 2,900 3,000 ©3,000 3,000 3,000 580 600 600 600 600 

Gabon®? 50-53 2,579 2,767 2,649 2,485 2,900 1,191 1,277 1,223 1,147 1,340 

Ghana® 30-50 "351 "335 303 286 350 130 122 108 106 130 

Hungary ° 30-33 69 69 86 89 83 21 21 28 29 » 26 

India ® ? !° . 10-54 1,367 1,337 1,435 1,459 1,500 509 498 534 544 560 

Iran°® 25-35 61 61 61 66 66 18 18 18 19 19 

Japan 26 23 7 — — — 6 2 — — — 

Mexico?! , 27-50 © 437 © 506 © 425 489 473 166 192 161 186 180 

Morocco ® 50-53 48 44 47 33 33 26 24 25 18 18 : 

Romania ® 30 75 74 ©72 “72 . 66 22 22 21 21 20 

South Africa, 

Republic of ©? 30-48 + 3,969 4,100 3,188 3,807 53,994 1,587 1,663 1,337 1,571 1,675 

Thailand ® 46-50 5 5 10 9 9 2 3 5 4 4 

Turkey ° 27-46 12 8 *8 °8 8 4 3 3 3 3 

U.S.S.R. 29-30 10,900 10,300 10,400 10,000 9,700 3,200 3,100 *3,100 © 3,000 2,900 

Yugoslavia 25-45 ©28 46 46 44 45 “10 16 16 *15 15 

Other‘* !7 XX | "92 55 43 76 71 "37 "20 - 15 *27 26 

Total 3 XX "27,948 *27,545 26,134 26,300 26,483 ™9,576 "9,736 9,019 9,137 9,309 

Estimated. Preliminary. ‘Revised. XX Not applicable. 

1 Table includes data available through May 16, 1990. Data pertain to concentrates or comparable shipping product, except that in a few instances the best data available appear to be for crude ore, possibly 

after some upgrading. 
21n addition to the countries listed, Colombia, Cuba, Panama, Peru, and Sudan may have produced manganese ore and/or manganiferous ore, but available information is inadequate to make reliable 

estimates of output levels. Low-grade ore not included in this table has been reported as follows, in thousand short tons, gross weight: Argentina (19% to 30% Mn), 1985—8, 1986—11, 1987—11, 1988—11, 

and 1989—10 (estimated); and Czechoslovakia (about 17% Mn), an estimated 1 in each year. 

3 May be for average content of each year’s production rather than for content of typical products. 

4 Metallurgical ore. 

> Reported figure. 

© Gross weight reported; metal content estimated. Estimated metal content figures have been revised as necessary. 

7 Reported gross-weight figures are the sum of (1) sales of direct-shipping manganese ore and (2) production of beneficiated ore, both as reported in Anuario Mineral Brasileiro. 

8 Includes manganiferous ore. . 

2 Calculated metal content includes allowance for assumed moisture content. 

10Much of India’s production grades below 35% Mn; average content was reported as 38% Mn in 1985. 

'! Estimated product total, mostly oxide nodules; may include smaller quantities of direct-shipping carbonate and oxide ores for metallurgical and battery applications. 

'2 Category represents the combined totals of Chile, Greece, Indonesia, Italy (from wastes), the Republic of Korea, Pakistan, the Philippines, and, beginning with 1988, Zambia. 

13 Data may not add to totals shown because of independent rounding. . 

Differing circumstances have caused | achieve the 0.5% manganese content | romanganese to replace silicothermic 

hot metal manganese contents as of | target. Recycling of converter slag, | methods, thereby reducing dependence 

1989 to be relatively low in Japan, | which would return some manganese to | on electrical energy. Key features of the 

0.2% to 0.4%: intermediate in Western | the blast furnace, was stopped to help | new process included diluting the oxy- 

Europe, 0.20% to 0.65%; and rela- | control phosphorus to a low level." gen being top-blown with nitrogen or 
tively high in the United States, 0.50% A thermodynamic model of oxygen | argon and stirring the bath by rotating 

to 0.75%. At the Hoogovens Ijmuiden | refining of high-carbon ferromanganese, | the reaction vessel.'? 
BV plant in the Netherlands, a drop in | developed on the basis of activities in Research clarified why ductility prob- 

hot metal manganese content from | the iron-manganese-carbon system, | lems in hot working of steel, arising from 

0.70% to 0.50%, or below, was made | was used to predict limiting carbon and | sulfur impurity, are eliminated by an 

to facilitate production of low-carbon, | silicon contents during refining.’ adequate manganese content. The affin- 

low-manganese steels, with some pen- In Japan, Mizushima Ferro Alloy | ity of manganese for sulfur greatly re- 

alty of a lower converter lining life. | Co. Ltd. developed technology for ox- | duces a solid-state segregation of sulfur 

Manganese ore addition to the blast | ygen refining high-carbon ferromanga- | to the grain boundaries that would oth- | 

furnace feed was still required to | nese into medium- and low-carbon fer- | erwise occur. 14 
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OUTLOOK | | Steel” chapter of this yearbook. US. ganese; and within the latter, ferrugi- 
_—___SOSSSSSSC“‘ OW hm6©6 © © h | apparent consumption Of manganese in | nous manganese ore, 10% to 35% 

1990-95 seems likely to range between | manganese; and manganiferous iron 
The trend of manganese demand, | 700,000 and 850,000 tons annually, as- | ore, 5% to 10% manganese. 

domestically and globally, will continue | suming no further sizable decreases in Manganese ore may be considered as 
to closely follow that of steel produc- | manganese unit consumption in steel- | metallurgical, chemical, or battery 
tion. Nonmetallurgical components of | making. The majority of U.S. demand | grade. Metallurgical-grade material has 

manganese demand, especially batter- | will be met by imports. an approximate manganese. content 
ies, may experience higher growth rates | range of 38% to 55% and may differ 
than for steel production, but will have from chemical-grade ore only in physical 
only a minor effect on overall manga- BACKGROUND form. Chemical- and battery-grade ores 
nese demand. sare often categorized by manganese diox- 

U.S. apparent consumption of man- . ide (MnO,) content, which typically is in 
ganese was about 750,000 tons of con- | Definitions, Grades, and the range of 70% to 85% (44% to 54% 
tained manganese in 1988, as given in | Specifications Mn). The U.S. Government maintains 
table 12. On the basis of 1982-88 data, | . specifications for metallurgical, chemi- 
the time trend value for 1988 is 733,000 Ore.—The Bureau of Mines has | cal, and battery grades of ore for stock- 
tons; the projection for 1995 is 831,000 | compiled statistics on manganese- | pile purposes; industry has no corre- 
tons. The course of year-to-year steel | bearing ores, concentrates, nodules, | sponding standards. 
production and, therefore, that of man- | and sinter, all referred to simply as 
ganese demand between the present | “ore,’ by manganese content as fol- Ferroalloys and Metal.—Ferroman-. 

and 1995 is uncertain, particularly be- | lows: manganese ore, 35% or more | ganese is a manganese-iron-carbon alloy 
cause of dependence on Government | manganese; manganiferous ore, less | classified according to decreasing carbon 
policy, as discussed in the “Iron and | than 35% but not less than 5% man- | content into standard or high-carbon 

TABLE 13 

MANGANESE SUPPLY-DEMAND RELATIONSHIPS! 

(Thousand short tons, manganese content) 

Year 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Domestic mines” 38 31 23 24 4 4 11 2 1 2 1 

Shipments of Government 

stockpile excesses 279 264 159 128 28 35 10 91 8 105 -2 

Imports, ore 278 244 330 301 11] 178 180 204 237 181 262 

Imports, alloy and metal — 604 708 530 615 430 364 426 405 452 422 581 

Industry stocks, Jan. 1 1,092 811 _ 749 _ 710, _ 702576 _ 463420380 31S _ 279 
. Total U.S. supply 2,291 2,058 1,791 1,778 1,275 1,157 1,090 1,122 1,078 1,025 1,121 

Distribution of U.S. supply: 

Industry stocks, Dec. 31 811 749 710 702 576 462 420 380 315 279 316 

Exports, ore 100 29 26 32 14 10 30 31 23 38 35 

Exports, alloy and metal 17 30 26 17 13 17 13 13 10 9 18 

Industrial demand 1,363 1,250 1,029 1,027 672 668 627 698 730 699 752 | 

U.S. DEMAND PATTERN 

Appliances and equipment 58 59 49 51 30 33 36 32 27 31 19 

Batteries 18 17 17 16 21 25 34 39 43 43 48 

Cans and containers 60 61 49 46 31 28 38 35 31 35 31 

Chemicals? 61 59 50 50 29 22 34 22 23 44 46 

Construction 279 291 243 252 152 151 170 164 148 165 244 

Machinery 216 217 167 171 92 90 97 78 65 77 110 

Oil and gas industries 74 70 79 89 40 28 36 34 25 30 21 
Transportation 317 296 214 214 115 129 139 124 95 105 102 

Other * _ 280 180 161 138 162 162 43 170 273 169 _ 131 

Total U.S. primary demand 1,363. ~=—«1,250-Ss«11,029-s«1,027~S'si‘«i2sti‘<‘é‘éaOR~~*~*«~TSCé‘(<ié«‘iU:*C*«*STBCOC*;*«S 752 
' Where available, data for manganese dioxide included beginning in 1984. 

2 Including manganiferous ore. 
3 Includes miscellaneous nonmetallurgical uses of ore beginning in 1987. 

“Not specifically based on reported data; includes processing losses. Within this category, the distribution of components is approximately the same as for identified end uses above. 
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grades, medium-carbon grades, and low- | tively small mines; China, apparently States.'? The principal producer of 

carbon grades. Silicon is also specified in | mostly small- to moderate-size opera- | CMD is Belgium’s Sedema S.A., with 

silicomanganese (such as 18%) and | tions in the eastern Provinces; Gabon, | annual capacity of about 40,000 tons. 
ferromanganese-silicon (about 30%). | COMILOG; Ghana, Ghana National 
For US. tariff purposes, ferroalloys are | Manganese Corp.; India, over 200 | Geology-Resources 

required to have an iron content of 4% or | mines, with Manganese Ore India Ltd. The world’s major land-based eco- 
greater; a material with less iron would | the most prominent company; Mexico, | nomic resources of manganese are of 
be treated as metal. Autlan; Republic of South Africa, | two principal types: marine chemical 

AMMOSAL and Samancor; and the | sediments and secondary enrichment 

Products for Trade and Industry U.S.S.R., two large complexes, mining | deposits.’* Marine chemical deposits 
Metallurgical-grade ore is used pri- | the Chiatura Basin in Georgia and the | represent a majority of known re- 

marily in making ferroalloys, pig iron, | Nikopol’ Basin in the Ukraine. Most | sources. In 1985, the Manganese Cen- 

and steel. In making ferroalloys, ore | output is for metallurgical applica- | tre (name changed in 1989 to Interna- 

| with a relatively high manganese and | tions. Ore for nonmetallurgical uses | tional Manganese Institute) estimated 
low phosphorus content is particularly | generally is supplied by the large-scale | that known relatively high-grade de- 
desirable. | producers mentioned plus smaller ones | posits (those with a manganese content 

The sulfur-fixing, deoxidizing, and | elsewhere.’ of at least 44%) contained about 360 
alloying attributes of manganese are In recent years, the U.S.S.R. has | million tons of manganese.!? As given 
obtained mostly through use of inter- | been supplying over 1 million tons of | in the “World Review” section of this 
mediate forms such as ferromanganese. | ore annually to Eastern Europe, al- | chapter, the reserve base for manganese 

Manganese ferroalloys for use in steel- | though’such exports were notably lower | can be considered more than ten times 
making are selected on the basis of cost | in 1987 and appear likely to decline in | this size. The world’s potential supply 
per manganese unit, allowable steel | the future. Otherwise, the principal | of manganese also includes extensive 
carbon and silicon specifications, and | source of ore to the international mar- | marine accumulations, such as oxide 

steelmaking practice. For 1989, with | ket has been an oligopolistic-like group | nodules on deep ocean floors and oxide 

the cost of manganese in metallurgical | of countries consisting of Australia | crusts on midocean ridges, whose com- 

ore taken as 1.0, the corresponding | (GEMCO), Brazil (ICOMI plus CVRD | mercial future is indeterminate. 
approximate costs per manganese unit | quite recently), Gabon (COMILOG), | 
were 3.0 for high-carbon ferromanga- | and the Republic of South Africa (AM- | Technology 
nese, 3.5 for silicomanganese, 4.9 for | MOSAL and Samancor). | 
‘medium-carbon ferromanganese, and Smelting of ore into manganese fer- Exploration.—Highly selective meth- 

7.4 for manganese metal. Metallic | roalloys is much more diversified than | ods of locating land manganese depos- 

manganese is little used per se, as it is | ore production. Leading ferroalloy pro- | its do not exist, but interpretation 

typically brittle and unworkable. ducers are as follows: Brazil, Paulista(a | of geologic environments can assist 

Manganese is added to aluminum | number of plants); China, many prospecting.”° 
using aluminum-manganese master al- | plants; France, Soc. du Ferromanga- 

loys that typically contain 25% Mn, | nése de Paris-Outreau (SFPO); Federal. Mining.—Most manganese ore is 

briquets of compacted aluminum and | Republic of Germany, Thyssen Stahl | produced by mechanized operations. 

manganese powders that typically con- | AG; Japan, Japan Metals & Chemicals | Standard earth-moving equipment is 

tain 75% Mn, and electrolytic manga- | Co. Ltd. and Mizushima Ferroalloy | used in surface mining. Underground 

nese metal. Co. Ltd.; Mexico, Autlan; Norway, | mining generally is by room-and-pillar 

Various manganese dioxide-types of | Elkem A/S; Republic of South Africa, | techniques. | 
material, possibly ground, are used for | Metalloys Ltd., a subsidiary of Saman- 

batteries and other applications. These | cor; and the U.S.S.R., a number of Beneficiation.—Crushing, screening, 

include natural mineral product (NMD) | plants. The U.S.S.R. is by far the larg- | washing, jigging, and tabling as well as 

and synthetic dioxide produced either | est producer. | flotation, heavy medium, and _ high- 

electrolytically (EMD) or chemically Four MEC’s currently produce | intensity magnetic separation are being 

(CMD). metal, all electrolytically, in decreasing | or have been used to upgrade raw man- 
Other manganese materials and | order of capacity: the Republic of | ganese ore into usable concentrates. Car- 

some of their uses include manganese | South Africa, the United States, Japan, | bonate ore may be calcined. Ore fines are 

sulfate and manganous oxide (MnO) | and, beginning in 1989, Brazil. China | sintered into bulkier lumps at some fer- 

for animal feed and soil conditioners, | and the U.S.S.R. produce metal, in- | roalloy plants, a practice which appears 

ground manganese ore for brick color- | cluding metallothermically in the | likely to be adopted increasingly by ore 

ing, and potassium permanganate for | U.S.S.R. World productive capacity for | producers. . | 
water treatment. metal was given as 84,000 tons annually | | 

as of 1985,'° and was approximately | . Smelting. —Electrothermy is the pre- 
Industry Structure the same in 1989. dominant method of manufacturing 

Makeup of the world’s manganese Annual world capacity for EMD was | manganese ferroalloys, as by the 

ore producers is chiefly as follows: | assessed as 218,000 tons in 1989, in- | submerged-arc-furnace process.”! Blast 

Australia, GEMCO; Brazil, CVRD | cluding capacities of 78,000 tons for | furnace-type operations are still used in 

and ICOMI, plus a number of rela- | Japan and 39,000 tons for the United | a few foreign countries to make impor- 
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tant quantities of high-carbon ferro- | pounds and annual use otherwise of DeYoung, J. H., Jr., D. M. Sutphin, and W. F. 
Recove f metalli th 10.000 d Cannon. International Strategic Minerals Inventory 

manga nese. C ry 0 eta cs omer ; pounds. Summary Report—Manganese. U.S. Geol. Surv. Circ. 

than iron from manganese-bearing ore 930-A, 1984, 22 pp. 
is rare. Toxicity. —Manganese is an essential Force, E. R., and W. FE. Cannon. Depositional Model 

Manganese metal and EMD com- | element for people, animals, and | for Shallow-Marine Manganese Deposits Around Black 

monly are produced by electrolyzing a | plants. In excess, it can be harmful to ave Basins. Econ. Geol., v. 83, 1988, pp. 93-117. 
solution of manganese sulfate prepared | the respiratory and nervous systems.” ancoisne, P. L..World Situation of Manganese 

. . . Resources and Reserves. Materials and Society, v. 9, No. 

from ore that has been reduction | Thus, manganese can be an industrial | 3 1935, pp. 353-369. | 

roasted. Production of the dioxide is | poison, but normally is not a hazard. 20Machamer, J. R. A Working Classification of 

especially sensitive to minor ore Manganese Deposits. Min. Mag., v. 175, No. 4, Oct. 
' ‘ties 22 ' i 1987, pp. 348-351. impurities.“~ Chemical manganese di- ; . - . to » PP 

f . . Unless otherwise specified, the unit of weight in this 21 . . . 

oxide can be pr epared by pr ecipitating report is the short ton of 2,000 pounds Matricardi, L. R., and 5 H. Downing. Manganese 
b te f Ifat 5 ° ° and Manganese Alloys. Ch. in Kirk-Othmer Encyclope- 

manganese carbonate . rom a suitate U.S. Congressional Office of Technology Assess- | gia of Chemical Technology. Wiley, v. 14, 3d ed., 1981, 

solution and decomposing the carbon- | ment. Strategic Materials: Technologies to Reduce U.S. pp. 824-843. 

ate to oxide.”? Import Vulnerability OTA-ITE-248, May 1985, 409 pp. 22 Deane, M. E. Electrolytic Manganese Dioxide Pro- 

pee S. ‘ Manganese—The Other Uses. Met. | quction in Ireland. Trans. Inst. Min. and Metall., Sec. 
. ep Bull. Books Ltd., London, England, 1977, 360 pp. _ 

Recycling.—Scrap recovery specifi- dra _ PP. | A, v. 94, July 1985, pp. A169-A172. 
, eee National Materials Advisory Board. Manganese Re- 23 Reidies, A. H. Manganese Compounds. Ch. in 

cally ; for Manganese 1S insignificant. serves and Resources of the World and Their Industrial | xirk-Othmer Encyclopedia of Chemical Technology. 

Considerable manganese reenters proc- | Implications. Natl. Acad. Sci., Washington, DC, | Wiley, v. 14, 3d ed., 1981, pp. 844-895. 

essing aS a minor component of steel NMAB-374, 1981, 334 pp. 24Coffman, J. S., and C. M. Palencia. Manganese 

scrap, steel slag, and nonferrous scrap. Kilgore, C. C., and P. R. Thomas. Manganese | vyailability—Market Economy Countries. BuMines IC 
Availability—Domestic. BuMines IC 8889, 1982, I4 pp. 8978, 1984, 26 pp. | 

Economic Factors ° Skillings’ Mining Review. V. 79, No. 12, Mar. 24, 25U.S. Environmental Protection Agency. Health As- 

1990, p. 21. | sessment Document for Manganese. EPA-600/8-83- 

7W___. V. 79, No. 16, Apr. 21, 1990, p. 15. | 013F, Aug. 1984. 

Costs.—As noted in a study of the 8_____ v.79, No. 10, Mar. 10, 1990, p. 16. | | 
Minerals Availability Program (MAP) of °Lebel, D., and R. C. Moe. Fluxed Pellet Production | OTHER SOURCES OF INFORMATION 
the Bureau of Mines, transportation is | at Wabush Mines. Paper in Proceedings of the 48th | 

the most significant cost element in the Ironmaking Conference (Chicago, IL, Apr. 2-5, 1989). | Bureau of Mines Publications 

. 24 | AIME, Warrendale, PA, 1989, pp. 743-748. | . . 

production of manganese concentrates. Oct. 0 Rates | Manganese. Ch. in Minerals Yearbook, 
Skillings’ Mining Review. V. 79, No. 10, Mar. 10, | 

In a recent MAP assessment of costs for | 1999, p. 13. | annual. 
most major mines in MEC’s, transporta- 11 Beisser, R. R., R. Boom, and W. Koen. Trends in | | Manganese. Ch. in Mineral Commodity 
tion accounted for about two-thirds of | Hot Metal Quality at Hoogovens Ijmuiden. Paper in | Summaries, annual. 

concentrate cost. Transportation costs Proceedings of the 72nd Steelmaking Conference (Chi- | Manganese. Monthly and preliminary 

were about equally divided between 08s, a ae a » 1989). AIME, Warrendale, PA, — annual Mineral Industry Surveys. 

transportation to the port and transpor- '2Dresler, W. Limitations to Decarburization of Minerals Today. A bimonthly , 

tation to the market. Also according to | High-Carbon Ferromanganese. Ibid., pp. 13-20. publication. 

this assessment, the major mines for \3Kitera, A., S. Sakurai, K. Saito, and S. Suzuki. | Other Sources 

metallurgical-grade ore of the MEC’s are | Recent Technological Developments in Low and Me- American Metal Market (daily paper). 

quite competitive as to ore production | @u™ Carbon Ferromanganese Manufacturing. Paper in Company annual reports. 
t. Of the considerable resources eval- Proceedings of INFACON ’89, Sth International Fer- Engi . d Mining J 1 

cost. . roalloys Congress (New Orleans, LA, Apr. 23-26, 1989), ngineering an ining Journal. 
uated, about 80% had estimated produc- | v.14, pp. 177-184. Industrial Minerals (London). 
tion costs within 20% of the lowest cost. 14Nutting, J. Clean Steel, Dirty Steel. Ironmaking Metal Bulletin (London). 

and Steelmaking, v. 16, No. 4, 1989, pp. 219-227. Metals Week. 

Operating Factors 'S McMichael, B. Manganese: EMD—The Power in Mining Journal (London). 
the Market. Ind. Miner. (London), No. 260, May 1989, . . d 
pp. 42-59. Mining Magazine (London). 

Environmental Requirements.—In Toon, S. Manganese—Active Batteries Attract Pro- Proceedings of ferroalloy conferences 
1988, the Environmental Protection | ducers. Ind. Miner. (London), No. 214, July 1985, pp. (INFACON, etc.). 
Agency imposed an annual requirement | 19-35. Roskill Information Services Ltd. 

of reporting releases to the environment '©Carter, L. J. Electrolytic Manganese—A Long (London; last reported on manganese 
of manganese metal and manganese Term Industry. Metal Bull. Monthly, No. 175, July 1985, in 1989) 

. . . 21, 23. eae es , chemical compounds (40 CFR 372). This | °”;; | Skillings’ Mining Review. 
. See . Glover, D., B. Schumm, Jr., and A. Kozawa (eds.). _ 

requirement initially applied to annual | yandbook of Manganese Dioxides, Battery Grade. Intl. TEX Report (Japan; daily issues and 
manufacturing or processing of 75,000 | Battery Materials Assoc., Cleveland, OH, 1989, 341 pp. annual ferroalloy manual). 

| 
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By Staff, Branch of Nonferrous Metals © 

Domestic survey data were prepared by Mr. Tony E. Morris, Nonferrous Data Section. International data tables were 
prepared by Ms. Virginia A. Woodson, International Data Section. 

ercury for use in domestic | at nine gold mines in Nevada, Califor- CONSUMPTION AND USES 
manufacturing in 1989 came | nia, and Utah. Nearly all of the newly | ~~ ~~ TE  EE 

M from domestic mines, sales | mined mercury came from Nevada. Ac- 
of surplus metal from Gov- | tual production figures were withheld Two dozen plants, all but two in the 

ernment stocks, imports, waste and | by the Bureau of Mines to avoid dis- | eastern half of the Nation, accounted 
scrap, and the drawdown of industry | closing company proprietary data. for 97% of the mercury consumed in 
stocks. Industrial consumption was Secondary mercury was recovered | 1989. About 90 other plants, laborato- 
down 24% from the 1988 level. Mine | from scrapped mercury-containing | ries, and other diverse organizations 
production remained at about the same | products, from industrial waste and | used much smaller quantities of mer- 
level. The United States was a net ex- | scrap, and from the sale of surplus | cury. Of the major quantities con- 
porter of mercury in 1989. The average | Government stocks of scrap mercury.| sumed, about 34% was used in chloral- 
annual price of mercury fell 14% in | These source materials were processed | kali production, catalysis, and in 
1989. by five companies: Adrow Chemical | various laboratory uses; 42% went into 

Co., Wanaque, NJ; Bethlehem Appa- | electrical products and instruments, of 
—______________________ | ratus Co. Inc., Hellertown, PA; D. F. | which batteries was the most important 
PRODUCTION Goldsmith Chemical and Metals Corp., | single category; and the remainder 

ANT | Evanston, IL; Mercury Refining Co. | went into exterior paints, dental amal- 
Inc., Latham, NY; and Wood Ridge | gams, catalysts, pigments, and phar- 

Mercury was produced as a principal | Chemical Co., Newark, NJ. Total sec- | maceuticals. The substantial drop in 
product at one mine in Nevada, the | ondary production was down sharply | overall consumption in 1989 was attrib- 
McDermitt Mine, and as a byproduct ! in 1989. utable principally to a further decline— 

for the sixth consecutive year—in the 

TABLE 1 

SALIENT MERCURY STATISTICS 

1985 1986 1987 1988 1989 

United States: 

Producing mines 6 8 9 10 10 
Mine production metric tons 570 WwW W W W 

Secondary production: > 

Industrial do. 185 219 265 278 137 
Government ! do. 20 106 117 214 180 

Industry stocks, yearend? do. 965 WwW W WwW WwW 
Shipments from the National Defense Stockpile? __ do. 156 16 128 52 170 
Imports for consumption do. 651 696 636 329 . 131 
Exports* do. NA NA NA NA 221 
Consumption do. 1,718 1,588 1,446 1,593 1,214 
Price: New York, average per flask $310.96 $232.79 $295.50 $335.52 $287.72 
Employment, mine and mill, average 35 22 9 12 25 

World: Mine production metric tons "6,136 77,247 5,810 P 5,890 © 5,840 
*Estimated. ° Preliminary. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 
"Secondary mercury shipped from U.S. Department of Energy stocks. 

2Stocks at mines, consumers, and dealers. . 

3 Primary mercury. 

4 Mercury export data were not available for 1978 through 1988. 
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TABLE 2 ; | - TABLE 4 

BYPRODUCT MERCURY- MERCURY CONSUMED IN THE UNITED STATES, BY USE 

PRO TED : G MINES IN THE (Metric tons) 

STATES IN 1989 | 

a 

. County SIC Use 1985 1986 1987 1988 1989 

Mine and State Operator code 

Alligator Ridge White Pine, NV Amselco. | 28 Chemical and allied products: | 

Minerals 2812 Chlorine and caustic soda manufacture = 2350 259 BNL 445381 
Inc. 2819 Laboratory uses 14 20 20 26 18 

Borealis Project Mineral, NV Echo Bay 2851 Paint 169 179 198 197 192 

einerals — Other chemical and allied products’ 61 90 59 86 40 

Goa Mins Euska NWNewmon 36 Electrical and electronic uses: 

Complex Gold Co. 3641 Electric lighting 40 41 45 31 31 

Hog Ranch Washoe, NV Western 3643 Wiring devices and switches 95 103 131 176 141 

Goldfields 3692 Batteries 952 750 533 448 250 

a 38 Instruments and related products: 

‘Enfi wa bab Elko, NV eeebor 382 Measuring and control instruments 79 63 59 77 87 

“ eM Gold Co. 3843 Dental equipment and supplies 50 52 56 53 39 

McLaughlin Napa, CA Homestake — _—— Other uses uses” 20 3h KS 8S 

Mining Co. Total? 1,718 1,588 1,446 1,593 1,214 

Mercur Tooele, UT Barrick 1 Pigments, pharmaceuticals, catalysts for plastics, and miscellaneous catalysts, shown as separate items in previous editions of this 

Mercur table, have been included in this category. . 

Gold Mines 2 Other electrical and electronic uses, other instruments and related products, shown as separate items in previous editions of this table, 

Inc. have been included in this category. 

Paradise Peak Nye,NV. ~FMC Gold _ 3 Data may not add to totals shown because of independent rounding. 

Co. 

Pinsoe and Humboldt, NV Mining Co. All of a large inventory of used | pRICES 

$$ | (scrap) mercury held by the Depart- | —  —————_____——#_—_ 

ment of Energy (DOE) at Oak Ridge, 

| TABLE 3 TN, was considered surplus, and lim- The New York dealer price for deliv- 

ited quantities were offered for sale at | ered primary mercury, reported in Met- 

SECONDARY MERCURY IN THE | monthly auctions by the Defense Logis- | als Week as a range, was relatively 

UNITED STATES tics Agency (DLA), which acted as | stable in 1989, as compared with the 

(Metric tons) | DOE’s agent. One hundred and eighty | price in most years. The price at the | 

metric tons was shipped during the | low end of the range began the year at 

DOE year, leaving yearend stocks at 793 tons. $280 per flask, rose to a high of $320 

Year production shipments Total | DLA also held several monthly auctions | from mid-February through most of 

185 OCOCSdSSt 0S of excess primary mercury from the Na- | March, then declined to a low of $260 

1086 hg) tional Defense Stockpile, and shipped from mid-September through the first 

1986219 106 3S | 170 «tons during the year, leaving a | week of October, and ended the year at 

1987265 N7'_—S «3882 _-| ‘yearend inventory of 5,459 tons. Of this | $290. The price at the high end of the 

1988 278 ~————si214 =~ «492 ‘| inventory, all but 362 tons was consid- | range tracked the movement of the low 

1989 137 180 317. | ered excess to Government needs. end price fairly closely, but was $5 to 

$25 per flask higher. The annual aver- 

age of the weekly low end price was 

manufacture of mercury batteries, and TABLE 5 $987.72, compared with $335.52 in 

to lower use in chloralkali production. STOCKS OF MERCURY IN THE 1988. The low end price of Metals 

UNITED STATES, DECEMBER 31 | Week’s European Dealer price range 

a (Metric tons) (c.i.f. Rotterdam) began the year at 

STOCKS $275 per flask and trended downwards 

| irregularly during the year, ending the 

Stocks of refined held b “ “eine. and dealer aa a ta $20 ab ae he io neon _ s of refined mercury he con- |§ ——————_—< oO above the low end price. 

sumers and dealers fell by more. than 1985669 2968S P 

one-third in 1989, and at yearend were | 1986 0 WO 8H OW 

equivalent to about 2 month’s industrial | 1987 W 320 W_ | FOREIGN TRADE 

consumption. Figures on stocks held at | 1988 WwW 338 Ww) TTT 

mines were withheld to avoid disclosing | 1989 Ww 231 Ww , 

company proprietary data. W Withheld to avoid disclosing company proprietary data. Imports of mercury fell sharply for 
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TABLE 6 the second consecutive year, to less | small gold mines in the Amazon basin 
AVERAGE PRICE OF MERCURY | than one-half the figure for 1988. | recover gold by amalgamation with 

AT NEW YORK Nearly all of the imported material was | mercury, a method abandoned some 
prime mercury from Spain, but none | years ago in most other countries, the 

(Per flask) was imported from two important | State environmental agency, IBAMA, 
sources of the previous few years, | issued rules in mid-1989 governing the 

Period | Price | China and Turkey. For the first time | importation, sales, and use of mercury. 

1985 $310.96 | since 1977, data on exports of mercury | It reportedly had been estimated that as 
1986 232.79 | became available, and showed that the | much as 1,800 tons of mercury had 
1987ti(‘<C2 2 ]30WDW!”!*” 795.59 | United States was a net exporter in | entered the Amazon basin’s environ- 
1988 2~CSC~*«t«~CSt«C‘CStw«*W 335.52 | 1989. While imports came largely from | ment in the period 1980-87. The new 
1989. —— | | country, with much smaller quantities | rules permitted less than 4% loss of | 
So coming from 7 other countries, exports | mercury to the environment. 

January 281.75 : . 
re went to 24 countries, of which 3 re- 

_February 315.79 | ceived nearly three-fourths of the total. | =. 
March 312.39 | U.S. trade figures do not distinguish | QUTLOOK 
Apt 295.00 | between primary mercury and scrap | ——H2- 
May 295.00 | mercury. | 
June 295.00 The world market for mercury was 

July 283.00 | ___ ss ——“‘(WUCCCC~—“‘CSSS | CHhacterized, as it had been for at least 

August 270.00 | WORLD REVIEW two decades, by abundant supply and a 
September —t™*” 261.40 | ~T:«&#|:s Slowly shrinking demand. The increas- 
October” 267.62 —_ ing recognition around the world of the 
November 385.71 Mercury was mined in at least 11 | danger posed by mercury’s toxicity has 
a countries in 1989, with the U.S.S.R. | led over the last quarter century to 

December 290.00 . : . pe . . 
— Average 387-73 and Spain together accounting for curtailment of its use in some applica- 

oer | nearly two-thirds of production. Pro- | tions and elimination from others. This 
Source: Metals Week. duction capacity exceeded actual pro- | trend is expected to continue. 

duction by a considerable margin. 
Contamination of the environment | 

by mercury remained a concern. In TABLE 8 
Brazil, for example, where many of the U.S. EXPORTS OF MERCURY, 

BY COUNTRY’ 

1989 

| Country Metric Value 
TABLE 7 tons (thousands) 

U.S. IMPORTS FOR CONSUMPTION OF MERCURY AND Australia 8 $72 
MERCURY-BEARING WASTE AND SCRAP, BY COUNTRY Brazil 10 308 

Canada 11 64 

1987 1988 1989 Colombia 3 42 

Country Metric Value Metric Value Metric Value Germany, Federal 
tons (thousands) tons (thousands) tons (thousands) | Republic of 37 19 

Algeria — — 31 $253 — _ India . 9 287 

Australia — — — — 2 $13 Ireland 4 36 

Canada 5 $59 5 72 — — Korea, Republic of 1 22 

China 406 2,235 131 1,053 — — Mexico ] 7 

Germany, Federal Netherlands 82 512 

Republic of — _ 1 14 1 51 Peru 1 14 

Hong Kong 17 62 — — — — Singapore —™” > 2 

Japan 34 238 — — — — South Africa, 
Netherlands — — — — 1 ; 9 Republic of 44 269 

Spain 172 1,230 147 1,263 127 1,137 Taiwan 2 90 

Turkey — — 3 30 — — United Kingdom 2 24 

United Kingdom — — 11 77 — — Venezuela 3 39 

Other 2 36 (') 36 (') 37 Other I 47 

Total 636 3,860 329 2,798 131 1,247 Total 221 1,874 
'Less than 1/2 unit. yo} Mercury export data were unavailable from 1978 through 1988. 

Source: Bureau of the Census. Source: Bureau of the Census. 
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TABLE 9 

MERCURY: WORLD PRODUCTION, BY COUNTRY* | 

‘(Metric tons) oe 

Country 1985 1986 1987 1988P 1989° 

Algeria 794 756 705 "£700 700 

China‘ 700 700 700 700 700 

Czechoslovakia 158 168 164 168 165 

Dominican Republic 1 (?) (7) () (7) 

Finland . 125 146 144 130 125 

Mexico 394 "104 124 345 300 

Spain "873 *2,757 1,395 r©1,380 1,380 

Turkey *233 *291 211 97 100 

U.S.S.R.° 2,200 2,250 2,300 2,300 2,300 

United States 570 W W W W , 

Yugoslavia 88 75 67 70 70 

Total | "6,136 "7,247 5,810 5,890 . 5,840 
€ Estimated. P Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from “Total.” 

' Table includes data available through Apr. 25, 1990. . 

Less than 1/2 unit. 

TABLE 10 OTHER SOURCES OF INFORMATION | 

WORLD ANNUAL MERCURY Bureau of Mines publications: | 

| PRODUCTION CAPACITY, Mercury. Ch. in Minerals Yearbook, : 
DECEMBER 31, 1989 annual. 

(Metric tons) Mercury. Ch. in Mineral Commodity 
Summaries, annual. : 

Reg Mercury. Reported quarterly and 

capacity ! 2 annually in Mineral Industry Surveys. 

North America: Other sources: 

Mexico =———~” 400 American Metal Market. 7 

United States” 1,200 Chemical Marketing Reporter. 

 Toal SOS 1,600 Engineering and Mining Journal. 

Europe: SOtCS — London Metal Bulletin. 

— Metals Week. 
Spain | 2,600 

U.S.S.R. 2,800 | 

Other 800 

Total 6,100 

Africa: Algeria 1,200 

Asia: SO 

China 700 

Turkey 300 

Total 1,000 

World total ~ 9.900 _ . 

' At operating plants and at plants on standby basis. 

2Data may not add to totals shown because of independent 

rounding. 
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By Lawrence L. Davis 

Mr. Davis, a physical scientist with 34 years of industry and Bureau of Mines experience, has been the commodity 
specialist for mica since 1983. Domestic survey data were prepared by Linder Roberts, mineral data assistant; and 
international data tables were prepared by Audrey Wilkes, international data assistant. 

ublic Law 100-418 requires DOMESTIC DATA operations to which the mica splittings 
that U.S. Government agen- consumption form was sent, seven op- 
cies implement the use of met- COVERAGE erations, or 78%, responded, repre- 
ric units in their business ac- - senting 96% of the splittings consump- 

tivities by the end of Fiscal Year 1992. Domestic production and consump- | tion shown in table 1. Consumption for 
Consequently, all numbers in the text | tion data for mica are developed by the | the nonrespondents was estimated us- 
and tables are shown in metric units. Bureau of Mines by means of three | ing prior year production data. 

In 1989, about 119,000 metric tons of | separate, voluntary surveys and one 
scrap and flake mica was produced in the | mandatory survey. Of the 18 operations |__———(Ci—‘—;C~s*s—s—C—s—‘C—C—‘—~S~S—SsS 
United States, a decrease of 8% from | to which the crude scrap and flake mica | LEGISLATION AND 
1988 production. Ground mica sales were | production form was sent, 17 opera- GOVERNMENT PROGRAMS 
101,000 tons valued at $22 million, a | tions, or 94%, responded, representing | ——— 
decrease in tonnage of about 7%. 95% of the production shown in table 

Nearly all sheet mica supply contin- | 1. Of the 17 operations to which the The Government inventory of stock- 
ued to be imported. Consumption of | ground mica form was sent, all re- | pile-grade mica remained about the same 
muscovite block mica decreased 46% | sponded, representing 100% of the | at 10,000 tons. The Department of De- 
to 7.5 tons. Consumption of mica split- | production in table 1. Of the seven | fense sold 8 tons of phlogopite splittings. 

| tings increased slightly to 1,100 tons. | canvassed operations to which the mica 
The value of sheet mica exports in- | block and film consumption form was |__ 
creased 16% to $7.4 million. The value | sent, six, or 86%, responded, repre- STRATEGIC 
of imports for consumption of sheet | senting 82% of the consumption CONSIDERATIONS | 
mica increased 13% to $8.8 million. shown in table 1. Of the nine canvassed | ——————______— ES 

Sheet mica and high-quality scrap 
mica used for making mica paper are 

TABLE 1 important in the electronic and electri- 

cal industries. The United States is not 
SALIENT MICA STATISTICS self-sufficient in these materials and 

imports all its supplies, mostly from 
4985. ~~«*1986.~S«~N:OBTS*«“‘«*‘:«‘BBCO*~*~‘«*‘*«~‘*‘* India. The U.S.S.R. and other coun- 

United States: NNN] trig, With coma’, panned economies 
 Deaductian feaid avueedkoo are currently India’s largest customers. 
voduces) or used by : The United States and other market 
Scrap and flakemica tS economy countries compete for the re- 

thousand metric tons 125 134 146 130 119 | Maining mica, and availability is some- 
Value —~S~=SWthooussands———=«$6,330-~—=«$7,108 «$8,201 +~-~«*$6,793.--~=«*6,273 times limited, particularly for high- 

- Groundmicas—(‘i‘séSOO~!OUUUUUUU | quality mica. Long delivery times and 
thousand metric tons 124 112 113 109 101 | quality inconsistency also adversely af- 

Value ___—thousands_—_—~§24,256 $21,872 $22,376 $23,687 $22,443 | fect sheet mica availability. 
Consumption: Ina short-supply situation during an 

~~ Block, muscovite metric tons 33 33 26 14 7, | emergency, the National Defense Stock- 
"Value -~CSMthousands.—~—~S*«S7S1~~*~«S SSS SRDS SB 599 pile (NDS) would be able to meet short- 
SJ | term demand until substitutes could be 

__Splittings _emetrictons 1,071 1,010 9601104 1,108 | ade available. It is unlikely that do- 
Value sthousands $1,610 $1,252 $1,417 $1,544 $1,703 | mestic sheet mica production could re- 

Exports metric tons 8,638 7,685 5,828 7,168 © 5,327 place or significantly reduce imports. 

Imports do. 10,897 11,761 11,450 14,478 15,834 | Of the five strategic stockpile catego- 
World: Production do. ‘254,993 *289,836 290,030 °274,585  °265,387 | ries, only muscovite block mica has 
©Estimated. Preliminary. ‘Revised. ever been produced domestically in sig- 
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TABLE 2 TABLE 3 

STOCKPILE GOALS AND GOVERNMENT INVENTORIES FOR MICA, SCRAP AND FLAKE MICA‘ SOLD 

DECEMBER 31, 1989 OR USED BY PRODUCERS IN 

, THE UNITED STATES, BY STATE 
. (Metric tons) — 

(Thousand metric tons and thousand dollars) 

Inventory 

. . . Non- Available State Quantity Value 

Material Goal Stockpile _ stockpile for 1989 1985 125 6.330 
grade . sales | 479? , 

ade disposal | 1986 134 7,108 
Block: 1987 146 8,201 

Muscovite, stained and better 2,812 2,270 94 — — 1988 —=S=s=<CStstés 988 130 6,793 

Phlogopite 95 8 52 — —_ 19390 ~St*CSt«CS«*:S =— =— 

Film: Muscovite, Ist and 2d qualities 41 533 (’) 468 — | North Carolina 73 4,192 

Sphittings: ~ Other States? 46 2,081 
Muscovite 5,728 6,526 — 340 —  y989 total “T9 6,273 

_Phlogopite A 8D Includes finely divided mica recovered from mica schist and 

'Less than 1/2 unit. high-quality sericite schist, and mica that is a byproduct of 

feldspar, kaolin, and lithium beneficiation. 

2Includes Connnecticut, Georgia, New Mexico, Pennsylvania, 

one ce . . South Carolina, and South Dakota. 

nificant quantities, and then only un- | wet-ground mica. The five largest pro- 
der the stimulus of above-market prices | ducers accounted for 72% of the total. 

paid by the Government. Domestic | They were, in alphabetical order: KMG , OO 

production in this century never pro- | Minerals, Kings Mountain, NC; Min- | insulating properties and its mechanical 

vided more than a small fraction of | eral Mining Corp., Kershaw, SC; Pacer, | properties, which allow it to be cut, 
domestic requirements. | Custer, SD; Unimin, New Canaan, CT; | punched, or stamped to close tolerances. 

The domestic supply of flake mica is | and USG Corp., Chicago, IL. The largest use of block mica is in 
adequate. Scrap and flake mica are not Low-quality sericite, used primarily in | Vacuum tubes where fabricated mica 
considered to be strategic materials. | brick manufacturing, is excluded from | SPacers position, insulate, and support 
The United States is self-sufficient in | tabulated data contained in this report. | the tube elements. High-quality block 
flake mica but does rely on imports of | In 1989, four companies, one in North | Mica is also used to line the gauge 
high-quality scrap for the manufacture | Carolina and three in South Carolina, | glasses of high-pressure steam boilers. 
of mica paper. a mined low-quality sericite and reported | Transparency, flexibility, resistance to 

an average value of $3.75 per ton. heat and chemical attack are the prop- 
erties that make mica suitable for this 

PRODUCTION use. Other uses include diaphragms for 

_________________—— | CQNSUMPTION AND USES oxygen-breathing equipment, marker 
. ean aaaeaeaeaSaaoaem._£ | dials for navigation compasses, optical 

Scrap and Flake Mica filters, retardation plates in helium- 
North Carolina remained the major | Sheet Mica neon lasers, pyrometers, thermal regu- 

producing State with 61% of the total Sheet mica is used principally in the | lators, and stove windows. Block mica 

production. The remainder was pro- | electronic and electrical industries. Its | is also fabricated into washers of vari- 

duced in Connecticut, Georgia, New | usefulness in these applications stems | ous sizes that act as insulators in elec- 

Mexico, Pennsylvania, South Carolina, | from its unique electrical and thermal | tronic equipment. 

and South Dakota. Most mica was recov- 
ered from mica schist, high-quality seric- 
ite schist, and as a byproduct of kaolin, TABLE 4 

feldspar, and lithium beneficiation.! The GROUND MICA SOLD OR USED BY PRODUCERS IN THE 

five largest producers were, in alphabeti- UNITED STATES, BY METHOD OF GRINDING’ 

one. NC: eas Oe _ ar 2 Rime (Thousand metric tons and thousand dollars) 

Mountain, NC; Lithium Corp. of Amer- | —2——-—— 

ica, Gastonia, NC; Pacer Corp., Custer, | year ___Dry-ground __ ___Wet-ground _ Total 
SD; and Unimin Corp., New Canaan, Quantity Value Quantity Value Quantity Value 

CT. These five companies produced 69% | 1985 112 15,993 12 5,263 124 21,256 

of the national total. 1986 99 14,682 13 7,190 112 21,872 

7 1987 101 15,140 12 7,237 113 222,376 

Ground Mica 1988 95 14,570 14 9,117 109 23,687 
Thirteen companies operated 16 | i989 88 13,409 3 9,034 101 22,443 

grinding plants. Eleven plants pro- TDomestic and some imported scrap Low-quality seriiteisnotinuded) =Ss=“‘i‘*é*é‘“‘“S*é*é*é‘(O(NSNSNC®C#*™*™C*™ 
duced dry-gr ound and five produced Data do not add to total shown because of independent rounding. 
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Muscovite film mica is used as a | tator. Molding plate is also fabricated | TABLE 5 
dielectric in capacitors. Only high- | into tubes and rings for insulation in | pPaRBRICATION OF MUSCOVITE 
quality mica, at or near the top of the | transformers, armatures, and motor BLOCK MICA IN THE UNITED 
quality scale, is used. The highest qual- | starters. STATES, BY QUALITY 
ity goes into capacitors that are to be Flexible plate is used in electric mo- 
used as standards. The next highest | tor and generator armatures, field coil ___ (Kilograms) 
qualities are used for transmitting ca- | insulation, and magnet and commuta- | _ 
pacitors. Receiving capacitors use | tor core insulation. Heater plate is used Quality 1988 1989 

slightly lower quality film. | where high temperature insulation is | Good stained or better 1,176 886 
Consumption of muscovite block | required. Stained or lower! 12,622 6,595 

(ruby and nonruby) totaled 7.5 tons, a Some types of built-up mica have the | qorqh— —(‘éCCOCOCé«N «C798 7,481 
46% decrease from that of 1988. Con- | bonded splittings reinforced with special | tiaugespunchmia.=S=<“‘:;~*S*‘iCS*é*tstsCStSSS 
sumption of stained and lower-than- | paper, silk, linen, muslin, glass cloth, or 

| stained quality decreased 48%, but re- | plastic. These products are very flexible 
mained in greatest demand accounting | and are produced in wide continuous | OH; and US Samica Corp., Rutland, 
for 88% of consumption. About one- | sheets that either are shipped in rolls or | VT. Kirkwood-Acim Corp.’s plant at 
half of the muscovite consumed was | cut into ribbons, tapes, or any desired | Hempstead, NY was closed in 1988; the 
grade No. 5 or smaller. The decrease in | dimensions. plant was absorbed by a sister com- | 
consumption was the result of one Total production, sold or used, of | pany, Midwest Mica and Insulation 
more company ceasing fabrication op- | built-up mica decreased slightly from | Co., and relocated to Conway, AR. The 
erations. Five companies continued to | that of 1988. Segment plates and mold- | plant might reopen in 1991. 
consume muscovite block and film in | ing plates were the major end products, 7 
five plants in four States: two in North | accounting respectively for 38% and | Ground Mica 
Carolina and one each in New Jersey, | 32% of the total. Other end products The largest domestic use of ground 
Ohio, and Virginia. included flexible plates, heater plates, | mica was in gypsum plasterboard ce- 

Splittings represent the largest part | and tapes. ment. The mica acts as a filler and 
of the sheet mica industry in the United extender, provides a smooth consistency, 
States. Muscovite and phlogopite split- | Reconstituted Mica (Mica Paper) improves the workability of the cement, 
tings are used to make built-up mica. Primary end uses for mica paper are | and imparts resistance to cracking. 
Consumption of mica splittings in- | the same as those for built-up mica. In the paint industry, ground mica is 
creased slightly to 1,100 tons. Musco- | Three companies consumed scrap mica | used as a pigment extender that also 
vite splittings from India accounted for ; to produce mica paper. The principal | facilitates suspension, reduces checking 
96% of the consumption. The remain- | source of this scrap mica was India. | and chalking, prevents shrinking and 
der was phlogopite splittings from | Manufacturing companies in 1989 were: | shearing of the paint film, increases re- 
Madagascar. The splittings were fabri- | Corona Films Inc., West Townsend, | sistance of the paint film to water pene- 
cated into various built-up mica prod- | MA; General Electric Co., Coshocton, | tration and weathering, and brightens 
ucts by nine companies operating nine 
plants in seven States. 

TABLE 6 

Built-up Mica CONSUMPTION AND STOCKS OF MICA SPLITTINGS IN THE 
The primary use of this mica-base UNITED STATES, BY SOURCE 

product, made by mechanical or hand 
setting of overlapping splittings and _ ~~~ Sndia~*~=<“*‘*‘“‘™S‘CMOadawascar”=~=~*~*~*«stal’ 

alternate layers of binders and split- ——— or oor 
tings, was as electrical insulation mate- “meric. Value “anenrie Value “meric. Value 
rial. Principal end uses of built-up mica tons) (thousands) “ignsy = (thousands) = tons) _—{thousands) 
are segment plate, molding plate, flex- | Consumption. 2 st—<“i‘—~™*s*S*S*SOSS 

ible plate, heater plate, and tape. 1985 1,055 $1,485 15 $125 1,071 $1,610 
Segment plate acts as insulation be- —4986.~CS*~“‘—s‘CSst‘s‘“C«~CSSSC“‘CSNC#O*#WdS&SBONSC*~‘OUH(#NW’=~dOSSTS~CSsCS~COONOS*~<C:«‘C*C«*S 

tween the copper commutator segments —4987—~C~*~“‘=CSt*‘s=C*SB|SS*~“‘«‘C2*CBt(sé‘<‘ SS”S”*~<CS~S«sdSSSC‘“‘«‘S‘CSOS!;*~*~*~*S‘«*NTCO#W 

of direct-current universal motors and | —22—2--—_/_ oYTJJAW>$WOi 
generators. Phlogopite built-up mica is 1988 OBB HH 
preferred since it will wear at the same | 1989 10621448 5510S 703 
rate as the copper segments. Muscovite | Stocks on Dec. 31: 
has a greater resistance to wear, causing 1985 492 NA 19 NA Sil NA 
uneven ridges which may interfere with 1986 566 NA 43 NA 610 NA 

the operation of the generator. 1987 408 NA 4 NA 412 NA 
Molding plate is sheet from which 1988 439 NA 5 NA 444 NA 

V-rings are cut and stamped for usein | jo9g99 ©3496  #&3xNA D..)6Dr©6©6mNALW©d~©)W©6DV..h6cSOS.U!U!U!UNA 
insulating the copper segments from | \,nuaae 
the steel shaft at the ends of a commu- ' Data may not add to totals shown because of independent rounding. 
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| the tone of colored pigments. ingredient in some special greases; as a | than $1 per kilogram for low-quality 
Ground mica is used in the well drill- | coating for cores and molds in metal | mica to more than $2,000 per kilogram 

ing industry as an additive to drilling | casting, and as a flux coating on welding | for the highest quality. The average | 
muds. The coarsely-ground mica flakes | rods. values of muscovite sheet mica con- 
help prevent lost circulation by sealing In 1989, the major end uses were | sumed in the United States in 1989 
porous sections of the drill hole. joint cement, 57%; paints, 10%; and | compared with 1988 were as follows: 

The rubber industry uses ground mica | well-drilling muds, 7%. Block increased 76% to $80 per kilo- 
as an inert filler and as a mold lubricant gram; film remained at $31 per kilo- 
in the manufacture of molded rubber |_. C—“‘;UUUUUUUUUC.CS gram; and splittings remained at $1.36 
products such as tires. The plastics indus- | STOCKS per kilogram. The average value of 
try uses ground mica as an extender and | —————___""—___ || phlogopite block increased 20% to $22 
also as a reinforcing agent. per kilogram, while the value of phlo- 

Ground mica is used in the produc- Reported yearend consumer stocks of | gopite splittings increased 23% to $5.53 
tion of rolled roofing and asphalt shin- | sheet mica increased slightly to 542 tons; | per kilogram. The large changes in 
gles where it serves as an inert filler and | of this, mica splittings represented 93%, | average value are more a reflection of 
surface coating to prevent sticking of | and mica block represented 7%. the quality of mica consumed during 
adjacent surfaces. The coating is not the year than actual changes in price. 
absorbed by freshly made roofing be- | st t—“—;C‘“‘;‘CCSC~CSCSsSSSS__ | The average value of crude flake mica, 
cause mica has a platy structure and is | PRICES including high-quality sericite, was $53 
not affected by the acid in the asphalt or | ———--———————"——— |! per ton. The average value per ton for 
by weathering. Other uses include deco- North Carolina flake mica, predomi- 
rative coatings on wallpaper and on con- Prices for sheet mica vary with grade | nantly a flotation product, was $57. 

| crete, stucco, and tile surfaces; as an | and quality and can range from less 

TABLE 9 

TABLE? AVERAGE REPORTED PRICE 
BUILT-UP MICA! SOLD OR USED IN THE FOR DRY- AND WET-GROUND 

UNITED STATES, BY PRODUCT MICA SOLD OR USED BY U.S. 
PRODUCERS IN 1989 

1988 1989 (Dollars per metric ton) 

Product Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) Kind. Price 

Flexible (cold) 85 $499 85 | $545 Wet-groundSst=<CSststsSSTSC 

Heater plate 21 76 18 74 Dryground as 
Molding plate 328 1,898 316 1,011 I 
STEED End uses: | 
Segment plate 325 2,241 378 2,216 ‘Joint cement tS 193 

Tape 37 305 51 277 Paint 149 

Other . 195 1,810 141 1,607 Plastics. 316 

| Total 992 6,829 990 5,730 “Well-drillingmud = stst=~—<CSststsSCSsL 

' Consists of alternating layers of binder and irregularly arranged and partly overlapped splittings. rc 

2Data may not add to totals shown because of independent rounding. Other 354 

‘Includes mica used for molded electrical insulation, roofing, 

rubber, textile and decorative coating, welding rods, and miscel- 

laneous. 

TABLE 8 | 

GROUND MICA SOLD OR USED BY PRODUCERS IN THE 
UNITED STATES, BY END USE FOREIGN TRADE | 

(Thousand metric tons and thousand dollars) OE 

aaa aa _ I The United States continued to rely 
End use 8B 8 on imports, mostly from India, for 

ao Quantity Value Quantity Value | nearly all of its sheet mica and paper- 
Joint cement 60 10,936 58 11,198 quality scrap mica. Imports for con- 

Paint 17 3,536 10 | 1,512 | sumption of unmanufactured block, 
Plastics 1 366 3 876 | film, and splittings were about 1600 

Well-drilling mud 6 741 7 816 | tons, about the same as in 1988 but 

Other! 24 8,108 3 8.041 | considerably higher than in previous 

Total 2109 23,687 101 22,443 | years. The high level of imports is a 

‘Includes mica used for molded electrical insulation, rubber, textile and decorative coatings, welding rods, and miscellaneous. result of lower than average sales of 

Data do not add to total shown because of independent rounding. mica from the NDS and continued 
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TABLE 10 

U.S. EXPORTS OF CRUDE AND RIFTED MICA, MICA POWDER, AND MICA WASTE IN 1989, BY COUNTRY 

Crude and rifted | | 

Less than $0.55 More than $0.55 Powder Waste 
Country per kilogram per kilogram 

| Quantity Value Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Austria | 33 $12 17 $18 50 $30 — — 
Belgium — — — — 202 88 15 $26 
Canada 170 52 6 7 652 257 18 10 
Colombia 41 13 — — 202 85 — — 
France 5 2 — — 108 49 _ _ 

Republic of — — — — 207 57 — — 
Indonesia — — — — 36 44 — — 
Italy . — — — — 64 21 — — 
Japan 411 128 — — 134 95 — — 
Korea, Republic of — — 2 14 321 222 — — 
Malaysia — — — — 16 15 — — 
Mexico 278 87 16 73 932 283 34 11 
Netherlands Antilles 22 7 1 12 — — — _— 
Netherlands — — 12 17 140 54 — — 

Peru — — 5 6 34 13 _ — 
Philippines — — | _ — 99 49 — — 
Spain — — — — 19 8 93 169 
Taiwan — — —_— — 171 78 — — 
United Kingdom — — 1 6 83 85 — — 
Venezuela — — — — 71 26 20 8 
Other! 62, 20 (7) 2 86 74 22 12 

Total? 1,022 320 60 156 1,230 1,634 202 235 
‘Includes Barbados, Brazil, Chile, the Dominican Republic, Ecuador, French Polynesia, Guatemala, Hong Kong, Ireland, Israel, Jamaica, Pakistan, Portugal, Singapore, the Republic of South Africa, 
Sweden, and Thailand, 

Less than 1/2 unit. 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

decrease in domestic fabrication of | flake mica. India continued to lead in MITCO’s 600-ton-per-year-capacity 
mica parts. Worked mica imports in- | the production of sheet mica. mica paper plant has not reached the 
creased 50% to 1,100 tons. This in- full production stage. The target pro- 
crease is probably caused by reduced | Brazil duction for the year, April 1989 
domestic production of mica paper. A mica and graphite mine in Mi- | through March 1990, was 150 tons.” 
About 9,000 tons of ground mica was | nacu, Goias, is being developed by Cia 
imported, mostly from Canada, while | Araguia de Metais Nobres, and is ex- a 
about 4,000 tons was exported to 32 | pected to begin operating by mid-1990. | QUTLOOK 
countries. The combined value of all | The company recently opened a pet. —_,x_Jsj]\YyY)YV)TH)Td 
mica imports increased 13% to $15.0 | plant in Sao Paulo to reduce the min- 
million, while the combined value of all | erals to micron size. Demand for sheet mica has de- 
mica exports increased 14% to $9.6 creased dramatically over the last 30 
million. India years. For block and film mica the 

The Mica Trading Corp. of India | major cause of decreased demand was 
—$__________________ | Ltd. (MITCO) instituted a policy | technological change, specifically the 
WORLD REVIEW whereby foreign purchasers of scrap | introduction of semi-conductor tech- 
_ | ica may buy directly from private | nology in electronics to the detriment 

Indian suppliers, but only for orders | of vacuum tube electronics that used 
World production of mica decreased | under 1 million rupees ($62,500). For large quantities of mica. Although the 

3% to 265,000 tons. The United States | larger orders the balance must be major impact of the technology change 
continued to lead in the production of | shared with MITCO. was felt in the 1960’s and 1970’s, con- 
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TABLE 11 sumption of block and film mica con- 

U.S. EXPORTS OF WORKED MICA IN 1989, BY COUNTRY tinues to decrease, albeit more slowly. 
Substitute materials cause part of the 

<< eets ther decrease, and increased imports of fin- 

Countr es eee ——— ished electronic gear mean fewer mica 

y Quantity Value Quantity alue parts are fabricated in the United 
(metric tons) (thousands) (metric tons) (thousands) . . 

Aug seStCS“Y™SC(‘ONNO”OSS2 States. Since 1979, consumption of 

oe ~ ) block mica has decreased at an average 

Austria 5 47 —_ a annual rate of about 20%. This decline 

Bahamas 4 21 6 24 is expected to continue, and, by 1995, 

Bolivia — — 3 10 consumption will decrease to 2,500 kil- 

Brazil Al 901 2 68 ograms. Consumption of mica split- 

Canada 66 1,414 35 898 tings, the major type of sheet mica 

Colombia 2 10 1 25 consumed in the United States, also 

Egypt 18 59 _ _ decreased sharply through the 1960’s 

France 1 4 3 55 and 1970's. During the 1980’s, con- 

Germany, Federal Republic of | 23 557 2 12 sumption leveled off to between 900 

I and 1,000 tons per year. Decreases were 
India 1 34 8 77 . 

Sa ' due to the development of substitute 
Italy 15 373 C) 14 l ‘cal j lati ‘al oe 

——__. ' 5 3 105 e ectrica insu ating materia Ss, minia- 

Japan ) turization of electrical equipment, and 

Mexico 46 500 26 520 increased imports of foreign-built 

New Zealand 4 17 — — products. Consumption of splittings is 

Peru — — 12 395 expected to decrease very slightly in the 

Philippines 8 30 — — | near future, reaching an annual con- 

Spain 5 110 — — sumption level of 1,000 tons by 1995. 

Taiwan 9 30 40 502 Scrap and flake mica enters markets 

United Kingdom _ _ 2 29 as ground mica, and demand tends to 

Other? 13 198 2 6 heel construction actvty. ane 

Total? 268 4,430 147 2,797 _ | the major use oO” ground mica, at 
Tr TTT in wallboard joint compounds, con- 

SS an unit. 
° e 

2 Includes Argentina, Barbados, Belgium, Bermuda, Chile, China, the Dominican Republic, Ecuador, Guatemala, Honduras, Hong sumption follows the macroeconomic 

Kong, Ireland, the Republic of Korea, Kuwait, Netherland Antilles, Nigeria, Pakistan, Panama, Saudi Arabia, Sierra Leone, Singapore, indicator, New Construction Activities. 

the Republic of South Africa, Suriname, Sweden, and Switzerland. Based on this indicator. annual con- 

3Data may not add to totals shown because of independent rounding. . . . oe ee 

, sumption of mica in joint compounds 
Source: Bureau of the Census. . ° . 

is expected to increase to 75,000 tons in 

1995, an average annual increase of 
4.5%. Mica consumption in oil well 
drilling muds closely follows the Fed- 

TABLE 12 | 

U.S. IMPORTS FOR CONSUMPTION OF CRUDE AND RIFTED MICA IN 1989, BY COUNTRY 

a 
ter 

Split block Splittings Less than $0.55 More than $0.55 

Country per kilogram per kilogram 

Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Canada — — — — 54 $22 — — 

France 2 $34 (') $12 — — 42 $56 

India 155 177 1,348 1,264 2,992 685 21 312 

Madagascar 1 24 15 69 — — 15 68 

Other” — — 16 10 1 27 _ — 

Total? 158 235 1,379 1,355 2,996 714 79 436 

Less than 1/2 unit. 

? Includes Brazil, China, Japan, the Republic of Korea, and the United Kingdom. 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of Census. 
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| | TABLE 13 eral Reserve Board’s Index of Produc- 

U.S. IMPORTS FOR CONSUMPTION OF MICA POWDER AND WASTE | tion: Oil and Gas Drilling. Based on 
IN 1989, BY COUNTRY this index, annual consumption in well- 

drilling muds is expected to decrease to 
— wdep Waste about oo tons n te ae average 

Country . Quantity Value Quantity Value annua ecrease oF about 0- Ica 
(metric tons) (thousands) (metric tons) (thousands) consumption in Other uses, such as 

Canada 8,641 $3,927 — = paints, plastics, rubber, and roofing, 
China etc., does not correlate well with any 

ina — — 72 $32 . er 
——— available indicators. Annual consump- 
India 72 29 1,078 474 . . 
—_—$—___ 7 ; tion has been relatively constant over 
Japan 73 _ _ the last decade and is expected to in- 
Norway 100 68 — — crease slightly by 1995. 
Other! 18 16 39 37 | 

Total? 8,902 4,971 1,189 542 

"Includes Brazil, Finland, France, the Federal Republic of Germany, and the United Kingdom. B ACKGROUND 
Data may not add to totals shown because of independent rounding. oe 

Source: Bureau of Census. 
| ° _eue ege e 
Definitions, Grades, and Specifications 

TABLE 14 Mica is a group name for a number 

of complex, hydrous potassium silicate 
U.S. IMPORTS FOR CONSUMPTION OF WORKED MICA IN 1989, minerals with differing chemical com- 

| BY COUNTRY positions and physical properties. Crys- 
| tals of mica have excellent basal cleav- 

Plates, sheets Other age and split easily into tough, flexible 
Country Quantity Value Quantity Value sheets. The important mica minerals 

(metric tons) (thousands) (metric tons) (thousands) | are muscovite and phlogopite. 
Belgium 626 $4,422 4 $71 Commercial qualities of sheet mica 

Brazil 98 265 37 142 are relatively free of defects and tough 
China 42 106 () 1 enough to be punched or stamped into 
France. 4 118 18 100 Spee stapes. Sheet mica is Cassilied 
India 5 137 309 750 as block, film, or sp ittings. ock mica 
—_— is not less than 0.018 centimeters thick 

Other 29 234 35 364 oe 
Towle Ws 3589 ——_ —T09 and has a minimum usable area of 2.54 

ER ota 5,28 304 square centimeters. Film mica is split to 
Includes Austria, Canada, the Federal Republic of Germany, Italy, Japan, the Republic of Korea, Macao, Madagascar, Spain, a * . 

Switzerland, Taiwan, and the United Kingdom. specified thicknesses ranging . from 
?‘Data may not add to totals shown because of independent rounding. 0.0030 to 0.010 centimeters. Splittings 

Source: Bureau of Census. 

TABLE 15 

SUMMATION OF U.S. MICA TRADE DATA 

Scrap and flake mica Sheet mica 

Powder Waste Unworked Worked 

Quantity Value Quantity Value Quantity Value . Quantity Value 
(metric tons) (thousands) (metrictons) (thousands) (metric tons) (thousands) (metrictons) (thousands) 

Exports: 

1985 6,558 $1,962 1,323 $408 37 $159 NA $5,102 

1986 5,300 1,758 1,454 472 44 196 NA 4,502 

1987 4,235 1,275 824 259 77 145 NA 4,748 

1988 5,202 1,623 1,088 367 63 228 NA 6,148 

1989 3,628 1,634 1,224 555 60 156 415 7,227 

Imports for consumption: 

1985 5,486 2,202 3,610 718 763 1,080 444 3,154 

1986 5,450 2,324 4,510 1,225 846 653 955 4,859 

1987 5,672 2,685 3,916 1,243 1,116 1,230 746 5,125 

1988 7,778 4,222 4,345 1,339 1,603 2,083 751 $,679 

1989 8,902 4,971 4,185 1,256 1,616 2,054 1,129 6,711 

NA Not available. 

Source: Bureau of Census. 
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TABLE 16 perfectly clear. ASTM also designates 

MICA: WORLD PRODUCTION, BY COUNTRY! 12 grades based on the maximum us- 
| able rectangle. The sizes range from 

| (Metric tons) grade 6 (with 2.54 usable square centi- 

| meters) to grade OOEE special (with 

Country? 1985 1986 1987 1988? 1989° | 254 usable square centimeters). 

Argentina: Block and film mica products are 
Sheet 347 934 340 330 330 | small flat pieces of uniformly thin mica 
Waste, scrap,etc. tst—~CS~S 374 317 45] 630 500 | cut or stamped to close tolerances into 

Bail ~~ OO—~OC«S BB 2.060 2,400 2,520 2,500 | 4 variety of shapes and sizes, depend- 

Gonads" Cs costo 12000 sa | BE 0D Ue ase, Shapes can vary from : e > 9 

Seance _ 10,084 = _ 10,834 £11,000 711,000 _11,000 | Very intricate patterns. Fabricators 
Indiae make their own dies in order to be able 
_Exportss to cut the mica into any pattern desired. 

Block 1,200 1,200 1,000 1,000 1,000 Built-up mica, or micanite, consists 
Film and disk 250 250 200 200 200 | of partly overlapped and irregularly 
Splittings 4,000 4,000 3,000 3,000: 3,000 | shaped and arranged splittings ce- 

Scrap 11,000 11,000 10,000 10,000 12,000 | mented together with either an organic 
Powder 4,700 4,700 3,800 3,800 4,000 | Or inorganic binder. Large sheets of 

Manufactured ~~—~«*1,000 1,000 2,000 2,000 2,000 | built-up mica are made by alternating 
~ Domestic consumption, all forms _ 3.500 3,500 4,000 4,000 4,000 layers of splittings and binder. Sheets 
—Toualss—=“‘S;O!#! 7 DS,6506| 25,650 24,000 24,000 26,200 of any thickness are made by pressing 
jase? 4390 300 390 390 300 the layers at high temperatures. Built- 

ne up mica is sold in large, uncut sheets or 
Korea, Republic of (all grades) (20,044 41,997 31,938 © 30,000 30,000 | is cut or molded to any size and shape 
Madagascar (phlogopite) 589 1,594 402 617 600 | specified by the customer. It is often 
Mexico (all grades) 1,446 1,748 3,419 2,584 2,500 bonded to another material such as 

Morocco® _—-*1,440 1,500 1,500 1,500 1,500 | fiberglass cloth to form a composite | 
Mozambique* 300 300 (°) (°) — | sheet. | | . 

| Namibia — — — — 5 Reconstituted mica or mica paper is 

Peru® 550 550 550 550 500 | a paperlike material made by deposit- 
South Africa, Republic of: ing fine flakes of scrap mica as a con- 

Sheet Ot=C<CSstst—CSstSSSSS 81 _ _ _ _ tinuous mat, which is then dried. The 

“Scrap tst—<‘i‘i‘s™S~*~:~::::””C~*éi«COTID 2,509 970 1,669 1,700 with an ore ani snes impregnate 

Spam Ri 32° "250 300 300 Scrap and flake mica is generally of a 
SriLanka(scrap)© 200 200 200 200 200 | quality and size that is not suitable for 
Sudan (all grades) 10 10 10 10 10 | use as sheet mica. Mine scrap varies 
Taiwan “114 774 787 4,387 4,000 | greatly in quality but usually is a hetero- 
Tanzania (sheet) () (°) ) (°) () | geneous mixture that must be crushed, 
U.S.S.R. (all grades) ° 50,000 50,000 50,000 50,000 50,000 | screened, and washed to yield the scrap 

United States (scrap and flake) ® 124,800 134,400 145,650 129,900 ‘119,142 | mica in usable form. Mine scrap may be 

Yugoslavia F382 674 1,043 7168 g09 | the sole product of mining a pegmatite or 

Zimbabwe #8 ©. 582 1,340 800 © 800 800 may be a byproduct of sheet mica pro- 

Total sSS~*~*é~=<CSstCSst~SC«* 2993s *289,836 «290,030 274,585 265,387 duction. Bench Scrap or shop scrap is the 
cEaimaed. ’Peliminay ‘Reed ica discarded during the processing of 

'Table includes data available through Apr. 25, 1990. handcobbed mica into sheet. Factory 

In addition to the countries listed, China, Norway, Pakistan, Romania, and Sweden are known to produce mica, but available | scrap is the waste that results from cut- 

reenact be i imme fea ec ting and stamping sheet mica into pieces 
‘Reported figure. of definite size and shape. Factory scrap 

“Less than 1/2 unit. a — is usually the highest grade and quality 
Excludes U.S. production of low-quality sericite and sheet mica, if any. ma teri al. Scrap mica tha t is recovere d 

from schists and from the beneficiation 
of kaolin, feldspar, and lithium pegma- 

are sheets with a maximum thickness of | ters in diameter. The American Society | tites is often referred to as flake.* 

0.0030 centimeters and a minimum us- | for Testing and Materials (ASTM) des- | 
able area of 1.9 square centimeters. | ignates 13 quality groups for sheet | Industry Structure 
Punch mica, which includes circle and | mica, based on quantity of visible in- The sheet mica industry in the United 

washer mica, is low-quality, hand- | clusions and structural imperfections, | States is small, consisting of processors 
trimmed mica up to about 5 centime- | ranging from black- and red-stained to | and fabricators of imported mica. 
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Worldwide, India dominates the produc- | from Virginia to Alabama, the Blue | fine-grained muscovite called sericite, 
tion of muscovite sheet mica. Madagas- | Ridge Mountains in North Carolina, the | which is an alteration product of vari- 
car is an important producer of phlogo- | Black Hills of South Dakota, and north- | ous aluminosilicate minerals. 
pite sheet mica. Sheet mica mining, | ern New Mexico. Other States with some World reserves and resources of scrap 
trimming, and splitting is very labor in- | sheet mica resources are Colorado, Wyo- | and flake mica are not well known but 
tensive, and producing countries have the | ming, Idaho, Montana, and California. | are considered to be very large. All 
advantage of low wages and a large labor No formal evaluation of world re- | countries with sheet mica reserves or 
force that is usually trained at an early | sources of sheet mica has been made, | resources have even larger quantities of 
age. India’s sheet mica industry is char- | mainly because of the sporadic occur- | scrap mica because only a small frac- 
acterized by a large number of small | rence of this mineral. The most produc- | tion of the mica present is of sheet 
operations, most of which sell to larger | tive sheet mica districts in the world are | quality. Many other countries have re- 
companies or the Government’s MITCO | in the States of Bihar, Andhra Pradesh, | serves or resources of mica that, while 
for further processing and export. India | and Rajasthan in India. India’s large | not of sheet quality, are suitable for 
is putting more emphasis on exporting | reserves and resources of sheet mica grinding. 
fabricated mica products. This is ex- | have been the primary world sources 
pected to reduce further the amount of | for many years. Large reserves of sheet ! Production of high-quality sericite is included in the 
mica that will be fabricated in the United | mica also are found in Brazil, and | totais; however, figures for low-quality sericite, used 
States. western Africa. In the U.S.S.R., sheet | principally for brick manufacturing, are not included. 

The U.S. flake mica industry ranks | mica reserves are known in the Lake U.S. Consul, Calcutta, India. State Dep. Telegram 
first in world production. Most produc- | Baikal and Sayan upland areas as well 1404, May 15, 1989, pd. 
tion comes from surface mining of | as in the South Eniessy Range. Smaller 4 American Society for Testing and Materials. Stan- . . . . ard Specification for Natural Muscovite Block Mica mica schists and as a byproduct of | but substantial reserves occur in Argen- | ana Thins Based on Visual Quality. D351-71 (1977) in | 
kaolin, feldspar, and lithium beneficia- | tina, Australia, and Zimbabwe. 1984 Annual Book of ASTM Standards: Yolume 10.01, 
tion. Nearly all flake mica is ground to Phlogopite deposits are in areas of | Electrical Insulation—Specifications: Solids, Liquids, 
final specifications depending on the | metamorphosed sedimentary rocks in- | 2"4 Gases; Test Methods: Liquids and Gases; Electrical ‘ . ° eg . . Protective Equipment for Workers. Philadephia, PA, use. Other countries producing signifi- | truded by masses of pegmatite-rich 8Ta- | 1984. pp. 136-143. 
cant amounts of flake mica are Can- | nitic rocks. The phlogopite is found as 4Skow, M. L. Mica—A Materials Survey. BuMines 
ada, China, India, the Republic of | veins or pockets in pyroxenite interlay- | IC 8125, 1962, 240 pp. 
Korea, and the U.S.S.R. Many other | ered with or intersecting marble or 
countries produce small amounts. gneiss. Canada and Madagascar have OTHER SOURCES OF INFORMATION 

the world’s major reserves of phlogo- 
Geology-Resources pite. Additional reserves are known in a 

Sheet muscovite is obtained from | the Sludyanka River district and Alden Burea u of Mines Publications: | 
coarse-grained igneous rocks called peg- | area of the U.S.S.R., Sri Lanka, and Mica, Ch. in Minerals Yearbook, 
matites. Pegmatites also contain quartz, | Mexico. an nual. age 4: 
feldspar, and various accessory minerals. The primary domestic source of Mica. Ch. in Mineral Commodity 

| Pegmatite dikes and veins range from a | flake mica for grinding purposes is Su MMAries, annual. . 
kilometer or more long and 100 meters | weathered alaskite bodies and pegma- Mica. Ch. in Bulletin 675, Mineral 
wide to thin veins and veinlets of 2 | tites in North Carolina, where most Facts and Problems, 1985 edition. 
centimeters or so in width. _ | domestic flake mica is produced. The | Other Sources 

The United States has no reserves of | mica is recovered as a coproduct of Engineering and Mining Journal. 
sheet mica. Small U.S. reserves were | feldspar and kaolin  beneficiation. Industrial Minerals (London). 
extensively worked in the past, and the | Flake mica is also recovered from mus- Industrial Minerals and Rocks, Sth ed., 
high cost of labor has kept the mines | covite schists. These schist bodies AIME, 1983. 
shut down since the Government’s pur- | range in size from 3 to more than 100 Mining Engineering. 
chase program ended in 1962. The pri- | meters thick and several kilometers The Economics of Mica 1989, Roskill 
mary sheet mica resources are in New | long. The mica content ranges up to Information Services Ltd. 
England, the southeastern Piedmont | 90%. Another form of flake mica is The Mica Industry Association. 
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| By John W. Blossom 

Mr. Blossom, a physical scientist/engineer with 42 years industry and Government experience, has been the commodity 

specialist for molybdenum since 1982. Survey and trade data were prepared by Cheryl M. Jackson, mineral data assistant; 
and the world production tables were prepared by Harold D. Willis, international data assistant. 

omestic and foreign molyb- TABLE | 
denum markets expanded in SALIENT MOLYBDENUM STATISTICS 

among tnarket Pe sononna (Thousand pounds of contained molybdenum and thousand dollars) 

countries exceeded demand. Domestic cs O85, *4986”~S*~=Ct«é«~S2SBT!~C*«“‘C‘COUNSOSB~SO! ©41089~~ 

producer and consumer stocks increased. | ———SSSS_SSTS 0am mmo 
U.S. mine output of molybdenum in- SS 
creased to 54% of world production. | —Comcemtate; | 
Reported end use consumption of mo- Production 108,409 93,976 75,117 94,911 139,123 

lybdenum in raw materials increased. Shipments 111,936 95,006 69,868 99,738 136,097 
The reported U.S. consumption by end Value $347,812 $240,484 $179,286 $266,899 $421,427 

use remained about the same as in the Reported consumption WwW 53,061 37,442 78,684 92,324 

previous year. Exports of all forms of Imports for consumption 112 1,120 1,264 169 — 

molybdenum from the United States in- Stocks, Dec. 31: Mine and plant 9,322 8,715 15,082  °10,433 12,931 
creased. Domestic producer stocks of Primary products: | | 

molybdenum products increased to about Production 87,436 41,490 34,659 56,540 _—6:1,696 
11 months of annual consumption. Shipments 73,861 57,855 40,668 45,273 + ~—-40,293 

Stocks, Dec. 31: 21,014 20,699 22,168 15,688 14,716 

Reported consumption, by end use 33,451 31,898 32,629 38,408 38,064 

DOMESTIC DATA | World: Mine production *216,959 204,588 196,522 °208,209 © 256,658 

Cc OVERA: GE ©Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

TABLE 2 

Wbdenart are develowed by the Bureoa PRODUCTION, SHIPMENTS, AND STOCKS OF MOLYBDENUM | 
of Mines by means of three separate, PRODUCTS IN THE UNITED STATES . 
voluntary surveys. These surveys are (Thousand pounds of contained molybdenum) 

Molybdenum Ore and Concentrate, | ———— SESS 
Molybdenum Concentrate and Molyb- 1988 1989 1988 1989 
denum Products, and Molybdenum Molybdic Metal 
Concentrates. Out of 15 operations to ides powder 
which surveys were sent, all responded, | Received from other producers 7,258 W W W 

representing 100% of the total produc- | Gross production during year WwW WwW 6,214 4,486 
tion shown in table 1. Used to make other products listed here 21,214 W 1,836 WwW 

Net production W W 4,378 W 

2 | Shipments W W 3,731 2,028 

PRODUCTION Producer stocks, Dec. 31 10,617 W 300 274 
Other? Total 

Domestic mine production of molyb- Received from other producers *3,327 5,577 10,585 5,577 

denum concentrate increased to a total Gross production during year 50,326 57,210 56,540 61,696 

of 139 million pounds of contained Used to make other products listed here "3,709 25,220 26,758 25,220 

molybdenum, compared with 94 mil- Net production 25,404 36,475 29,782 36,475 

lion pounds in 1988. The country’s two | Shipments 41,542 38,265 45,273 40,293 
largest suppliers, AMAX Inc. and Cy- | Producer stocks, Dec. 31 4,771 14,442 15,688 14,716 

prus Minerals Co., produced sufficient Revised. W withheld to avoid disclosing company proprietary data; included with “Other.” 

material during 1989 to keep the mo- 2 includes ferromolybdenum, shosphomolybdic acid, molybdenum disulfide, molybdic acid, ammonium molybdate, calcium molybdate, 

lybdenum market stable. sodium molybdate, molybdenum metal, pellets, molybdenum pentachloride, molybdenum hexacarbonyl, and data indicated by symbol W. 
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CONSUMPTION AND USES molybdenum concentrate was either creased over that of 1988. Oxide is the 
OC roasted, exported for conversion, or | chief form of molybdenum utilized by 

purified to lubrication-grade molybde- | industry, particularly steel, cast iron, 
Consumption of molybdenum con- | num disulfide. The quantity of concen- | and superalloy producers. However, 

centrate increased 13 million pounds in | trate roasted domestically to produce | some of the material is also converted 
1989. Domestic mine production of | technical-grade molybdic oxide in- | to other molybdenum products, such 

| TABLE 3 | 

U.S. REPORTED CONSUMPTION OF MOLYBDENUM, BY END USE 

(Thousand pounds of contained molybdenum) 

. Ammonium Other 

End use Movypale molybdenum 1 and sodium molybdenum Total? 
molybdate materials 

| 1988 | 

Steel: 

Carbon 1,199 217 — 30 1,446 

Stainless and heat resisting 7,054 442 — 162 7,657 

Full alloy . | 6,743 2,220 a 86 9,050 

High-strength, low-alloy 1,089 898 — 2 1,989 

Tool 1,810 Ww | — 33 1,843 
Cast irons 178 1,372 — | 20 1,570 
Superalloys 964 102 — 1,671 2,737 

Alloys (excludes steels and superalloys): : 

Welding and alloy hard-facing rods and materials — 130 — 15 144 

Other alloys‘ 285 103 — 181 568 

Mill products made from metal powder — — — 5,259 5,259 

Chemicals and ceramics: | 

Pigments — — 240 — 240 

Catalysts 1,579 — W 406 1,985 

Other 8 — 1 908 917 

Miscellaneous and unspecified 696 752 1,492 64 3,004 

Total? 21,604 6,235 1,733 8,836 38,408 
1989 a | nn SC a a 

Steel: 

Carbon 1,016 205 — 54 1,275 

Stainless and heat resisting 6,786 490 — 163 7,439 

Full alloy | 6,291 2,116 — 50 8,457 
High-strength, low-alloy 1,030 741 — — 1,771 

Tool 1,649 W — 9 1,658 

Cast irons W 1,703 — 20 1,723 

Superalloys 1,087 123 | — 2,233 3,442 

Alloys (excludes steels and superalloys): 

Welding and alloy hard-facing rods and materials — 149 — 11 160 

Other alloys* 315 112 — 190 617 

Mill products made from metal powder — — — 4,228 4,228 

Chemicals and ceramics: 

Pigments WwW — WwW — WwW 

Catalysts 2,028 — WwW 395 2,424 

Other 8 2 2 1,082 1,092 

Miscellaneous and unspecified 581 563 2,559 72 3,775 

Total? 20,791 6,204 2,560 8,509 38,064 

‘Includes calcium molybdate. 

2 Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, molybdenum metal, pellets, and other molybdenum materials. 

3 Data may not add to totals shown because of independent rounding. 

* Includes magnetic and nonferrous alloys. 
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| as ferromolybdenum, high-purity ox- | mately a 2-month supply as measured by TABLE 5 
ide, ammonium and sodium molyb- | average monthly reported consumption. DOMESTIC PRICE LISTINGS 
date, and metal powder. Apparent U.S. FOR MOLYBDENUM 
consumption (defined as U.S. primary |_ 
plus secondary production plus im- | PRICES (Per pound of contained metal) 
ports minus exports plus adjustments | ———HHH¥—_________ 
for Government and industry stock 1988 1989 
changes) was about 64 million pounds The “Metals Week Dealer” (MWD) | Merchant quotes: ! 
of molybdenum. price of molybdic oxide (per pound of Concentrate 

contained molybdenum) decreased (byproducts) | $2.68 $3.17 
from $3.50 in January to $2.55 at the Ferromolybdenum- 

—__________________ | end of December 1989. The average export 4.27 4.31 
STOCKS MWD price of oxide was $3.39, or 8 Oxide 3.47 3.39 

= | cents less than the average MWD price | Producer quotes: 
in 1988. Oxide $3.25- 3.65 $3.35- 3.97 

Total industry stocks, which include The posted producer price for mo- | ' Average. 
those of producers and consumers, in- | lybdic oxide was $3.65 on January 1, | Source: Metals Week. 
creased to 33.5 million pounds of con- | 1989. Cyprus Minerals Co. increased its 
tained molybdenum. Inventories of | posted price to $3.97 in February and | with those of 1988. Molybdenum con- 
molybdenum in concentrate at pro- | returned to a posted price of $3.65 on | centrate exports were about 43% of 
ducer locations increased about 2.5 | July 1. Both AMAX Inc. and Cyprus | domestic mine production. Approxi- } 
million pounds. Producer stocks of | Minerals Co. reduced their posted | mately 98% of reported shipments of 
molybdenum in consumer products, | prices to $3.35 in October, where the | concentrate and oxides were to 
such as oxide, ferromolybdenum, mo- | price remained to the end of 1989. Belgium-Luxembourg, Canada, the | 
lybdate, metal powders, and other types, Federal Republic of Germany, Japan, | 
decreased about 1 million pounds. Com- | Mexico, the Netherlands, and the 
pared with apparent consumption, FOREIGN TRADE United Kingdom. The calculated mo- 
yearend producer stocks of these materi- | _~~ lybdenum content of all exports was 
als represented about a 10-month supply. | about 118 million pounds in 1989. To- 
Domestic consumer inventories of about | Exports | tal value of exports increased from $205. 
6 million pounds, the same amount as at Exports of molybdenum in concen- | million in 1988 to $327 million in 1989. 

| yearend 1988, representing approxi- | trate and of oxide increased compared | , 
Imports — : 

| Approximately 5 million pounds of 
TABLE 4 molybdenum in various forms were im- 

ported into the United States, 4.5 mil- 
INDUSTRY STOCKS OF MOLYBDENUM MATERIALS, DECEMBER 31 lion pounds less than in 1988. Total 

(Thousand pounds of contained molybdenum) norte fares t ee ° Co 

| «1988 to $30 million in 1989. In terms of 
BS 188G 198719881989 | Hoth value and quantity, the major 

Concentrate: Mine and plant 9,322, 8,715 15,082 £10,433. 12,931 | form imported was ferromolybdenum, 
Producers: principally from Chile and China. 

Molybdic oxides ! 16,281 16,459 WwW 10,617 WwW 
Metal powder WwW WwW 457 300 274 jj — eee 
Other? 4,733 4,240 21,711 4,771 14,4422 | WORLD REVIEW 
Total? 21,014 20,699 22,168 15,688 14,716; 

Consumers: EEE EEE ES ; 
_Molybdic oxides' = sSs—=<CS~*S0—ts«éi 0168 3,653 3,486 3,600 | _ World mine production of molybde- ~ Ferromolybdenum* SO 597 618 554 573 514 | Bum was 257 million pounds, an in- 

TT crease Of 49 million pounds from that 
_Ammonium and sodium molybdate = 47 129 76 35 *! | in 1988. Canada, Chile, the US.S.R., 
_Other® 1,778 _1,654 _1,643 _1,658 _1,664 | and the United States accounted for 
_ Tol? 44569 5,925 5,772 _5:818 | more than 90% of the molybdenum 

Grand total? 34,777 33,983 43,175 31,893 33,465 | produced worldwide. 
"Revised. W Withheld to avoid disclosing company proprietary data. 
, Includes technical and purified molybdic oxide and briquets. — . Capacity 
Includes ferromolybdenum, phosphomolybdic acid, molybdenum disulfide, molybdic acid, ammonium molybdate, sodium molyb- . 

date, calcium molybdate, molybdenum metal, pellets, molybdenum pentachloride, and molybdenum hexacarbony!. The data in table 10 are rated Capac- 
Dua may not add to torals shown because of independent rounding. ity for mines and mills as of December 
5 Includes purified mmolybdenam disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, molybdenum 3 1 3 1989. Rated cap acity 1S defined as metal, pellets, and other molybdenum materials. the maximum quantity of pr oduct that 
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can be produced in a period of time on a | - TABLE 6 

normally sustainable long-term opera- U.S. EXPORTS OF MOLYBDENUM ORE AND CONCENTRATES 
ting rate, based on the physical equip- | (INCLUDING ROASTED AND OTHER CONCENTRATES), BY COUNTRY 

ment of the plant and given acceptable (Thousand pounds of contained molybdenum and thousand dollars) 

routine operating procedures involving | | 

labor, energy, materials, and mainte- | ———_———_—___________ joggps—<‘;O.O!UC«d9—~O#O#*~*«‘(‘(<‘ 

nance. Capacity includes both operating Country rr ————————__--—_—— 

plants and plants temporarily closed Quantity Wate Quantity _Nalue_ 

that, in the judgment of the author, can Argentina _ ~ 370 1,247 

be brought into production within a | Australia — — 305 998 

short period of time with minimum cap- | Austtia__ | 26 a — — 

ital expenditure. Mine capacity for mo- Belgium-Luxembourg 8,560 25,557 17,167 42,944 

lybdenum is based on published reports, | Brazil | 192 733 437 9,814 

production statistics, and estimates. Canada 82 355 3,579 11,033 

Chile 136 52 1,307 | 2,679 

Reserves oo. France . — — | 80 233 

The definitions of reserves and re | Germany, Federal Republic of 5,803 13,961 5,778 13,910 
serve base are published in U.S. Geo- | 74,7 —t—=C=:<‘<C O!*~*# | | 

. . , ndia a — — 402 1,756 

logical Survey Circular 831, “Principles |_<——_——_ | 

of a Resource/Reserve Classification Japan — «1179 18,730 8,589 25,380 

For Minerals,” which.is reprinted in the Mexico 45 an 1,295 6,774 

introduction of the “Mineral Facts and | Netherlands 1698 51,703 46,129 110,939 

Problems, 1985 Edition” and “Mineral | Sweden | 2,510 6,522 248 370 

Commodity Summaries, 1990.” United Kingdom 9,034 | 26,763 26,488 . 53,744 

Estimated world reserves and reserve | Other «4,256 3,742 772 1,550 

base of molybdenum appear in table Total ! 51,807 148,237 —-112,946 283,371 

12. Most of the world reserves of mo- ! Data may not add to totals shown because of independent rounding. 

lybdenum occur in the western moun- | source: Bureau of the Census. oo 

tain regions of North and South Amer- a 

ica, extending from Alaska and British | | | : 

Columbia through the United States | deposits in Chile, the Chuquicamata | decrease to a more normal growth rate 

and Central America to the Andes | and El Teniente deposits are among the | over the next few years. Alloy and 

Mountains of Chile. These regions, | world’s largest and account for 85% of | stainless steel demand is forecast to 

roughly bordering the eastern margin | total molybdenum reserves in Chile. decline in 1990. Short-term molybde- | 

of the Pacific Basin, are also regarded | Mexico and Peru have substantial re- | num demand is expected to remain a 

as most promising for future discover- | serves. The La Caridad deposit in Mex- little below the peak of 1989. Molyb- 

ies and additions to reserves. ico is a large producer. Numerous other | denum demand appears to have as- 

The United States, with a reserve | copper porphyries that may contain | cended toa new level of usage. Molyb- 

base of molybdenum estimated at 11.8 | recoverable quantities of molybdenum denum production must be adjusted to 

billion pounds, has 47% of the world | have been identified in Central: and | reduce inventories that have been built 

| molybdenum reserve base. About 90% | South America. Many of these deposits | up in Western Europe during 1989. The 

of U.S. reserves occurs in large por- | are actively being explored and evalu- | long-term demand depends upon 

phyry or disseminated deposits mined, | ated and could add substantially to | events in Eastern Europe and the 

or anticipated to be mined, primarily | reserves in the future. U.S.S.R.’s ability to meet the needs of 

for molybdenum. These deposits are Reserves of molybdenum in the | capital expenditures for environmental 

located in Alaska, Colorado, Idaho, | U.S.S.R. and China are estimated to be controls and to expand their manufac- 

Nevada, New Mexico, and Utah. Other | substantial, but definitive information turing capacities. 

molybdenum sources contribute insig- | about the current sources of supply or 

nificantly to U.S. reserves. prospects for future development in the 

Canadian reserves of primary mo- | two countries is lacking. Copper ores 

lybdenum are located in British Colum- | are being investigated on the islands of BACKGROUND 

bia, including nearly 30% of the total | New Guinea and Bougainville in the oo 

in the Endako primary deposit. Other | Southwest Pacific, but it is not known Definitions, Grades, and 

Canadian reserves are associated with | whether these contain economically re- Specifications 

molybdenum and copper-molybdenum | coverable molybdenum. Molybdenum is a silver-white metal- 

porphyry deposits in British Columbia, lic element with an atomic number of 

and in relatively minor sources in Que- | __-_—CCSCSCSCSCCCY:«€42, atomic weight of 95.95, and a den- 

bec and New Brunswick. OUTLOOK sity of 10.2 grams per cubic centimeter. 

Molybdenum reserves in Central and | —~—————_____———— | The chemistry of molybdenum is com- 

South America are mainly in large cop- plex; molybdenum exhibits oxidation 

per porphyry deposits. Of several such Capital expenditures are expected to states from -2 to 6, coordination num- 
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TABLE 7 

| U.S. EXPORTS OF MOLYBDENUM PRODUCTS, | bers from 4 to 8, and forms compounds 

BY PRODUCT AND COUNTRY with most inorganic and organic liq- 
(Thousand pounds, gross weight, and thousand dollars) | uids. Molybdenum is a strong carbide- 

: forming element, and much of its al- 
prod dicount “289 1988 1989 loying effect in steel is imparted 
rocuct and country ant Unset etize say, _| through the formation of carbides. It 

NO Quantity Valve Quantity _Valve | has a melting point of about 2,610° C: 
Molybdates—All: —«2841..70.0000 among the metallic elements, only 
_Argenting ) 2 ° 67 | tungsten, rhenium, osmium, and tanta- 

Australia 55 159 4 14 | lum have higher melting points. Other 
Belgium-Luxembourg 244 867 578 1,255 | significant physical properties of molyb- 
Brazil 1 4 — — | denum metal are good thermal conduc- 
Canada 235 856 138 690 | tivity (about one-half that of copper), 

Chile ©. 1,300 3,325 _ — | the lowest coefficient of thermal expan- 
~ Germany, Federal Republic of _ () > i 19 | Sion of the pure metals, high strength at 
"Japan ~—~—~=~CS~sSOS 5,261 12,722 2,042 12,977 elevated temperatures, and resistance to 
“Kora | 9 30 60 i16 | COrrosion in a wide variety of mediums. 
SSP Molybdenum metal is stable in air or 

Mexico 4 18 16 130 
oo | water at moderate temperatures, but ox- 

Netherlands | 755 2,524 187 1,288 idizes readily above 500° C. | 

Taiwan 5 16 — — Molybdenite is the principal mineral 
United Kingdom 123 341 4 17 | from which molybdenum is obtained. 
Venezuela | : 342 834 ©) 2 | Crude ore containing molybdenite is 
Other | | 16 — 128 32 372 | beneficiated to produce molybdenite. 

Total? a 8,350 21,828 3,067 16,947 | concentrate. The concentrate generally 
Ferromolybdenum:? ———=~S~S~«S7202«.70=.0000:sds— sSC<CS*é‘;  )3©€6©™ © .h—DT | Contains about 90% molybdenite; the 
Belgium stst—~—CS _ _ 40 159 | grade may be somewhat lower, particu- 
Canada. S—<CSsStS 31 12? 65 554 | larly if produced at copper byproduct 
japan —s—=<CS~=st—‘sSSS a | 49 146 1D 49 concentrating plants. Typically, tech- 
“Malaysia”SCOC | _ _ 6 30 oxide” has a molybdic-oxide content of 
a | 85% to 90%, or a minimum of 57% 

Mexico 40 —C—~=«*S 3 13 | contained molybdenum. Other raw ma- 
_Singapore | — — 22 56 | terials, including ferromolybdenum, 

Venezuela a — — 10 38 | purified molybdic oxide, ammonium 
Other 9 35 7 26 | and sodium molybdate, and molybde- 
Total? | . 113 382 165 615 | num metal powder are produced from 

Molybdenum, unwrought: 8102.91.0000 technical-grade oxide. The production 
Begum © 68 472 _ — | of these materials is described in the 
_Canadass—s 21 140 1s -—«t1g'| Next section, “Products for Trade and 
“Fane SS 49 4 s7 | Industry.” | | 
~ Germany, Federal Republicof ts 36 333 13 60 The American Society for Testing 

TT and Materials (ATSM) has developed 
India 2 13 3 14 ° oe oo | | standards for the chemical composition 

Sapam 303 3,101 297 1,709 | of molybdenum oxide products (Speci- 
—Mexico 8 93 16 63 | fication A 146-64, reapproved 1979), 

Netherlands . : 140 762 186 1,029 | and ferromolybdenum (Specification A 
United Kingdom 21 158 2 25 | 132-74, reapproved 1979). These stan- 
Other 190 1,616 22 140 | dards specify minimums for molybde- 
Total? 995 6,686 558 3,216 | num content and maximums for impu- : 

Wire: 8102.93.0000 = ~~ | rity content as an aid to producers and 
Argentina si—is—sS 5 95 1 29 | purchasers. Material marketed by the 

~Belgium-Luxembourg SOS 18 162 3] 444 | Major domestic producers generally 
Bail tO 64 1,091 78 1,034 meet or exceed ASTM standards. 

Canada 31 343 22 309 | Products for Trade and Industry 
_France 65 1,126 45 615 Some commercial-grade molybdenite 
__ Germany, Federal Republic of _ 219 2,857 210 2,562 | concentrate is treated with additional 

- India | | 5 115 13 269 | grinding and flotation steps to pro- 
Italy 87 1,266 33 625 | duce lubricant-grade 99% molybdenum 
Japan 101 1,911 132 1,888 | disulfide. 

See footnotes at end of table. | Molybdenite concentrate is con- 
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TABLE 7—Continued 

U.S. EXPORTS OF MOLYBDENUM PRODUCTS, . 
: BY PRODUCT AND COUNTRY verted to technical-grade 90% molyb- 

(Thousand pounds, gross weight, and thousand dollars) dic oxide eae “This oxide oes 

$$ _ | major form of molybdenum used by 
Product and country HTSUS 1988 1989 industry and the base material for pro- 

No. Quantity Value | Quantity. += Value | duction of ferromolybdenum, chemi- 
| Wirexconinued OT | cals, and molybdenum metal powder. 

Kora _ _ 33 617 | Phe technical-grade oxide is produced 
Meico 9 371 10 76 by roasting molybdenite concentrate in 
<< ___ ; the multiple-hearth furnace at temper- 

Netherlands I 4 ) 15 | atures of up to 650° C. Technical-grade 
_Singapore i 73 () 16 | oxide or ferromolybdenum is used to 

South Africa, Republic of 5 90 3 43 | add molybdenum to steels, cast irons, 
Spain 18 298 14 169 | and nonferrous alloys. 
Sweden 26. 429 31 453 Ferromolybdenum is typically pro- 

Taiwan — — 55 278 | duced by reduction of a mix of 
United Kingdom 81 714 Al 1,033 | technical-grade oxide and iron oxide in 

 Othr ©. 105 1,929 9 243 | a conventional metallothermic process, 
Tol? ttC‘i=CSstCtCtst~SsS 939 +~«'12,984 += S*t«<‘iSd;SC*«‘“‘«*«‘«iC« BB using silicon and/or aluminum as the 
Powder. :—C«*=8LG.10.0000 SS i reductant. The molybdenum content 
Austria” _ _ A ‘isg | Tanges from 58% to 64%. 
Sa Ammonium molybdate is produced 

__Belgium-Luxembourg 529 1,934 2 12 | by reacting pure molybdic oxide with 
_Brah — — 909 416 | ammonium hydroxide and crystallizing 
_Canadao 79 185 18 151 | out the pure molybdate. Sodium and 

_China — — 13 84 | calcium molybdate are made similarly 
| France 25 167 105 594 | using sodium hydroxide and calcium 

Germany, Federal Republic of 22 291 11 162 | chloride. 
India _ Oo 24 166 Molybdenum metal powder is manu- 

Taly ©. i 30 12 93 | factured by reducing pure molybdic ox- 
"Japan tt—SSS 238 807 ll 175 | ide or ammonium molybdate with hy- 
“Mexico 5 8 , - drogen. The purest metal powder 
Netherlands 34 157 39 306 (99.95% molybdenum minimum) is pro- 

oOo duced from ammonium molybdate. 
_Sweden ~~ 22 143 | Metal powder is pressed and sintered into 
Taiwan 2 1,003  % 701 | small metal ingots, which are converted | 

_United Kingdom 223 797 70 552 | into rod, wire, or sheet by hot rolling, 
__ Other 75 510 22 155 | swaging, or forging. Large ingots are 

Total? 1,340 5,889 1,399 3,846 | produced by arc-casting powder under a 

Molybdenum, wrought: 8102.92.0000 | -yacuum or inert gas atmosphere. 

Australia 2 34 4 64 

Austria | (28 292 236 253 | Geology — | 
Brazil 12 209 1 17 . 
Canada 52 1,104 30 694 Mineralogy.—The average crustal 

“France 10 435 3 664 abundance of molybdenum is 1 to 2 
ts parts per million (ppm). The molybde- 

__ Germany, Federal Republic of _ 38 805 36 1,113 | num content of igneous rocks tends to 
fo Sapan 89 1,002 108 2,502 | increase with increasing silica content. 
_Korea 91 1469 159 483 | Molybdenum does not occur in nature in 

Mexico 4 67 6 78 | its free or native state but is found only 
Netherlands 60 2,355 19 491 | chemically combined with other ele- 

Singapore - — — (‘) 4 | ments. Small deposits of molybdenum- 

South Africa, Republic of 1 79 5 175 | bearing minerals occur throughout the 
Sweden 3 59 2 33 | world, but the only molybdenum min- 

"United Kingdom t—™S” 50 1,120 57 1,164 | eral of commercial importance is molyb- 

Othr 10 334 38 479 denite. Wulfenite, powellite, and ferri- 

Toul? : —41 7 03@20—COst«C*i CD molybdite are common but have 
Fe TI supplied very little molybdenum. Other 

2 Data may not add to totals shown because of independent rounding. molybdenum minerals include chillagi te, 

3 Ferromolybdenum contains about 60% to 65% molybdenum. ilsemannite, koechlinite, lindgrenite, 

Source: Bureau of the Census. -eosite, and jordisite. 
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Types of Deposits.—Molybdenum | denum  stockworked deposits and | this recycled material is generated and 
deposits are of five geological types: (1) | copper-molybdenum porphyry depos- | reused directly at metal-forming or fab- 
porphyry or disseminated deposits, in- | its. An understanding of regional geol- | ricating plants (runaround scrap) or 
cluding stockworks and breccia pipes in | ogy, mineral associations, and known | shipped to plants that reclaim it (prompt 
which metallic sulfides are dispersed | patterns of molybdenite mineralization | industrial scrap). Very little molyb- 
through relatively large volumes of al- | is essential to identify potential sites for | denum-containing obsolete scrap 1s proc- 
tered and fractured rock, (2) contact- | field investigation. Sites for detailed | essed for its molybdenum content. Al- 
metamorphic zones and tactite bodies | study may be selected on the basis of though some molybdenum is recycled as 

_ | Of silicated limestone adjacent to intru- | geologic mapping of rock units and | a minor constituent of scrap alloy steels, 
sive granitic rocks, (3) quartz veins, (4) | structures, geochemical analyses of | the use of such scrap does not generally 
pegmatites and aplite dikes, and (5) | sediments and soils, and ground geo- | depend on its molybdenum content. An 
bedded deposits in sedimentary rocks. | physical surveys. An intensive drilling | increasing quantity of molybdenum is 
The first three genetic-type deposits are | and sampling program is then required | being reclaimed from spent catalysts and 
hydrothermal in origin and, as such, | to estimate the size, grade, and conti- | chemical residues. 
represent nearly all the known molyb- | nuity of the discovery. Exploration 
denum resources currently mined in the | drifts may be driven into the ore body | Byproducts and Coproducts 
world. The remaining types do not | to provide more specific geologic infor- Tin, tungsten, and a very minor 
represent a great volume of molybde- | mation and bulk samples for metallur- quantity of pyrite are recovered as 
num and are economically important | gical testing. byproducts from molybdenum ore at 
only when molybdenum is associated the Climax, CO deposit. Rhenium is 
with other high-valued minerals. Mining.—Molybdenum ore is mined | extracted from flue gases and dust pro- 

by underground and open pit methods, | duced during roasting of molybdenite 
Technology the choice of method being determined | concentrate produced as a byproduct of 

by the size, configuration, grade, and | copper mining. 
Exploration.—Prospecting and ex- | depth of the ore body. Molybdenum is recovered as a byprod- 

ploration for molybdenum is basically uct primarily from copper ores. A very 
the same as that for deposits of other Recycling.—Some secondary molyb- | small amount is also obtained from tung- 
metals. Areas generally considered fa- | denum metal is recovered in the pro- | sten and uranium ores. At the Sierrita 
vorable for molybdenite mineralization | duction of alloy steels, superalloys, and | Mine of Cyprus Minerals, copper and 
are in metallogenic provinces encom- | the metal, but data on quantities are | molybdenum are considered coproduct 
passing known occurrences of molyb- | incomplete and inconclusive. Most of | values. | 

TABLE 8 

U.S. IMPORTS FOR CONSUMPTION OF MOLYBDENUM 

(Thousand pounds and thousand dollars) 

1989 1988 1989 
Item HTSUS Gross Contained Val Gross Contained Val 

No. weight | molybdenum alue weight molybdenum ale 
Molybdenum ore and concentrates, roasted 2613.10.0000 1,591 965 2,863 1,366 524 1,791 
Molybdenum ore and concentrates, other 2613.90.0000 310 169 349 — — — | 
Molybdenum oxides and hydroxides 2825.70.0000 2,192 1,575 7,137 929 NA 3,298 
Molydates of ammonium 2841.70.0000 1,346 804 3,262 693 398 2,106 
Molybdates—all others 2841.70.5000 82 56 140 128 60 375 
Molybdenum orange 3206.20.0000 2,494 NA 3,128 2,307 NA 2,858 
Mixtures of inorganic compounds 3823 .90.3400 1,247 906 1,348 33 28 202 
Ferromolybdenum . 7202.70.0000 3,704 2,369 8,504 3,108 1,702 9,062 
Molybdenum powders 8102.10.0000 (‘) (’) (') 477 436 2,077 
Molybdenum, unwrought 8102.91.1000 296 NA 3,752 133 102 2,391 
Molybdenum, waste and scrap 8102.91.5000 678 NA 3,276 386 371 1,701 
Molybdenum, wrought (includes bars, rods, 
profiles, plate, sheets, strips, foil) 8102.92.0000 119 NA 3,457 111 NA 3,311 
Molybdenum wire 8102.93.0000 (7) (?) (7) 17 NA 553 
Molybdenum other — — — 6 NA 637 
Total? 14,059 6,844 37,216 9,694 3,621 30,361 

NA Not available. 

' Data included with Molybdenum, unwrought. 

2 Data included with Molybdenum, wrought. 

3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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Operating Factors ciation. In mining, the principal nonla- | the disturbance of significantly larger 

The mining and milling of both pri- | bor operating expenses involve con- land areas. Development of new mine- 

mary molybdenum ore and copper ore | sumption of explosives, utilization of | mill complexes presents local socioeco- 

containing molybdenum are high- | fuel, and electricity for operating | nomic and land-use problems. Because 

tonnage operations. The largest domes- | equipment. Costs of ore beneficiation | new potentially economic sources are 

tic molybdenum mine has an ore- | are dependent on use of grinding ma- | likely to be found in relatively unpop- 

processing capacity of about 48,000 | terials, flotation reagents, electricity to | ulated regions with little other industry, 

tons per day; processing capacity at the | operate milling and concentrating | development of a major mine can have 

largest copper-molybdenum surface | equipment, and general plant mainte- | a significant impact on established oc- 

mine exceeds 100,000 tons per day of | nance. Operating variables are moni- | cupational patterns. Interaction be- 

ore. Ore grade is low; therefore, open | tored, and adjustments are made when | tween mining firms and local and state 

pit and underground block caving | necessary to maximize efficiency and | agencies has increased to ensure that 

methods are required to extract ore | economy of operation. mine development proceeds in as or- 

profitably. — The mining of primary molybdenum | derly and environmentally sound a 

Costs involved in producing molyb- | ore and disposal of ore tailings disturb | manner as possible. 

denite concentrate vary according to | land areas. Land reclamation will be- The conversion of molybdenite con- 

mining methods used (underground or | come increasingly necessary as mines | centrate to technical-grade molybdic ox- 

surface), physical characteristics of the | become inactive. Copper mining that | ide involves roasting. Producing firms 

ore body, and difficulty in ore benefi- | yields byproduct molybdenum entails | have modified roasting facilities or in- 

| TABLE 9 | 

U.S. IMPORT DUTIES ON MOLYBDENUM 

a 
a 

| Duties on imports | 

oe HTSUS No. Commodity description __ Unit Nei MEN) Notont ad 

percent ad valorem valorem 

Import/export 2613.10.0000 Molybdenum ore and Content-kg 13.2¢/kg + 1.9% $1.13/kg + 15% 

concentrates, roasted | 

Import/export | | 2613.90.0000 Molybdenum ore and do. 19.8¢/kg 77.2¢/kg 

concentrates, other 

Molybdenum chemicals: 

Import/export 2825.70.0000 Molybdenum oxides and Gross-kg 3.2% 20.5% 

hydroxides 

Import 2841.70.0000 Molybdates of ammonium Content-kg 4.3% 29% 

Export 2841.70.0000 Molybdates—all do. — — 

Import 2841.70.5000 Molybdates—all others . do. 3.7% 25% . 

Molybdenum pigments: 

Import 3206.20.0020 Molybdenum orange Gross-kg 3.7% 25% 

Export 3206.20.0000 Pigments based on chromium do. — _ 

(moly orange, etc.) 

Miscellaneous chemical products: 

Import 3823 .90.3400 Mix of two or more inorganic Gross-kg 2.8% 18% 

compounds of molybdenum 

Export 3823.30.0000 Nonagglomerated metal binders, do. — — 

moly, etc. 

Ferroalloys: 

Import 7202.70.0000 Ferromolybdenum | Content-kg 4.5% 31.5% 

Molybdenum metals: 

Import 8102.10.0000 Powders Content-kg  13.9¢/kg + 1.9% $1.10/kg + 15% 

Export 8102.10.0000 do. Gross-kg — — 

Import 8102.91.1000 | Unwrought Content-kg 13.9¢/kg + 1.9% $1.10/kg + 15% 

Export 8102.91.0000 Unwrought, waste and scrap Gross-kg — — 

Import 8102.91.5000 Waste and scrap Content-kg Free Free 

Import/export 8102.92.0000 Wrought Gross-kg 6.6% 60% 

Do. 8102.93 .0000 Wire do. 6.6% 60% 

Do. 8102.99.0000 Other do. 5.5% 45% 
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TABLE 10 stalled sulfuric acid recovery equipment | 

MOLYBDENUM: WORLD MINE PRODUCTION, BY COUNTRY! to reduce emissions and thereby comply 
with more stringent pollution restric- 

(Thousand pounds of contained molybdenum) tions. Because the molybdenum-proc- 

| essing industry is relatively small, raw 
Country” 1985 1986 1987 1988? 1989° materials and energy needs generally 

Bulgaria ® 420 420 440 440 420 | are not critical concerns, although in- 

Canada (shipments) 17,311 24,804 32,564 29,840 330,102 | creasing energy costs will add to overall 
Chile 40,541 36,555 37,349 34,231 36,500 | Production costs. oe 
China‘ 4,400 4,400 4,400 4,400 4,400 Compared to one industria! meta 
Iran® 1,100 1,100 1,100 1,100 1,100 | MOlybdenum exhibits low or negilgible 
ee : 3 toxicity. No significant toxic effects in 
Japan 215 — — — — . . ep . 
Korn, RewublicoP human beings have been identified in 

Korea, Republic of BA 697 m7 317 330 | the mining and processing of molybde- 
Mexico 8,292 7,386 9,700 9,824 9,900 | num materials. As an environmental 
Mongolia® 2,200 2,425 2,425 2,425 2,650 | trace element, molybdenum is an essen- 
Niger © 44 44 "18 33 33 | tial micronutrient and has been shown 

Peru 8,393 7,681 7,392 5,388 6,800 | to be related to copper metabolism in 
U.S.S.R.° 24,900 - 25,100 25,300 25,300 25,300 | certain animal species. Deficiencies or | 

United States 108,409 93,976 75,117 94,911 3139,123 | excesses of molybdenum can affect the 
Total 216,959 204,588 196,522 208,209 256,658 | Normal growth and development of nu- : 

“Estimated. PPreliminary. ‘Revised. merous plant and animal Species. 

'Table includes data available through June 14, 1990. 

In addition to the countries listed, North Korea, Romania, Turkey, and Yugoslavia are believed to produce molybdenum, but output OTHER SOURCES OF INFORMATION | 

is not reported quantitatively, and available general information is inadequate to make reliable estimates of output levels. 

3 Reported figure. . . . 

Source: Bureau of Mines, Division of International Data. Bureau of Mines Publications 

Molybdenum. Ch. in Minerals 

Commodity Summaries, annual. 

Molybdenum. Ch. in Minerals 

TABLE 11 TABLE 12 Yearbook, annual. 

WORLD MOLYBDENUM ANNUAL MOLYBDENUM RESERVES Molybaenuim, Reported qrontny anc 
PRODUCTION CAPACITY, AND RESERVE BASE annua”y CTE DOUSITY SUEVEYS. 

Minerals Today. A bimonthly 
DECEMBER 31, 1989 eae , . 

(Million pounds of contained molybdenum) publication. 

(Million pounds of contained molybdenum) Other Sources 

Reserves Reserve base American Bureau of Metal Statistics. 

Country Rated capacity ! North America: Nonferrous Metal Data. 

Bulgaria 2 Canada 1,000 2,000 American Metal Market (daily paper). 

Canada 35 Mexico 200 500 Canadian Mining Journal (Canada). 
Chile 45 United States 6.000 11.800 Annual reports of various companies. 
China 10 Other _ 300 Engineering and Mining Journal. 

loan — Metal Bulletin (London). 
Iran 4 South America: 

Korea, Republic of 2 il 2.500 4 Metals Week. 
Mea _ Chile 9 9,400 Mining Congress Journal. 

weep Is Peru 300 500 Mining Engineering. 
Mongolia 5 Other — 200. | Mining Journal (London). 
Niger (*) Europe: Skillings’ Mining Review. 
Peru 10 Bulgaria 5 20 The Northern Miner (Canada). 
U.S.S.R. 35 U.S.S.R. 1,000 1,500 

United States 165 Other — 600 

Total 328 Asia: 
‘Includes capacity at operating plants as well as at plants on China 1,100 2,700 

standby basis. 

Less than 1/2 unit. Tran 100 300 

Other — 300 

Total 12,205 26,020 
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oneness 

By William S. Kirk 

Mr. Kirk, a physical scientist with 24 years of Government experience, has been the commodity specialist for nickel since 
1987. Domestic survey data were prepared by Barbara J. McNair, Ferrous Data Section. International data tables were 
prepared by William Zajac and Audrey Wilkes, International Data Section. 

TABLE 1 

estern | Wor Oe SALIENT NICKEL STATISTICS 
demand fell. Prices fell, (Short tons of contained nickel unless otherwise specified) 

as demand fell in the sec- 

ond half of the year. The Riddle, OR, 1985 1986 1987 1988 1989 
ferronickel facility was recommissioned. | United States: 
Foon undge ae a large Canadian pro- | ~Wrine production: 

ucer, was sold. Nickel ore (gross weight) 868,100 603,400 — — — 

Shipments — 6,127 1,175 — — — 

LEGISLATION AND Plant production: 

RA Smelter, from domestic ores 15214 11,651 — — 382 | 

GOVERNMENT PROG MS Refinery, from imported matte 31,168 — — — — 

| Secondary recovery from | | 

The Agency for Toxic Substances | __Purchasedscrap:© | 
and Disease Registry issued a Toxico- From ferrous scrap | 36,690 35,320 "27,247 = _* 41,537 35,597 

logical Profile for Nickel, which iden- From nonferrous scrap 16,955 8,406 8,392 3,700 — 8,258 
tified health effects and levels of hu- Exports: 
man exposure to nickel and _ nickel Primary (nickel content) 21,745 2,812 —§ 2,413 2,721 2,302 
compounds that may be toxicologically Secondary (nickel content) 13,500 12,405 12,920 18,251 21,871 
significant. | Imports for consumption: 

. Primary (nickel content) 157,690 129,094 °154,095 *154,366 139,039 

een ee Consumption: 
STRATEGIC Reported: SOStCS<StS 

CON SIDERATIONS Primary 119,907 107,062 130,504 125,520 116,998 

Secondary (purchased 
. ; eae oo. e r 43, 35, T 45,237 , Nickel is an essential ingredient in aus- Tae I scrap) 93,645 43,726 35,639 2.25 43,855 

tenitic stainless steels and superalloys. As | —_—PParents 
such, its availability is important to the Primary 162,887 137,582 161,237 149,165 140,333 
national security. Domestic production Secondary (purchased . a ; 
capacity is less than 1% of apparent scrap) 40,363 32,952 23,013 26,271 21,769 

consumption. Canada, however, a close | Stocks, yearend: 
ally and a geographically secure source, Government 37,222 37,215 37,215 37,214 37,214 

is capable of supplying U.S. needs under Producer 17,400 10,300 6,824 7,672 6,819 
normal circumstances. Consumer: 

Primary 19,106 16,557 "10,478 "12,110 9,749 

SS Secondary 6,302 4,669 4,375 5,090 5,305 
ISSUES ~ Employment, yearend: 

Mine 130 — — — — 

. . Smelter 170 — — — 245 The primary environmental problem Refinery 
associated with nickel production is the | ————"“*? ——_____ ; 
emission of sulfur dioxide (SO,) from | —Ptce (cathode): 
nickel smelters processing sulfide ore. New York dealer, per pound $2.26 $1.86 $2.28 $6.25 $6.05 
The SO, emitted from smelter smoke- World: Mine production "895,747 "869,293 909,959 961,342 1,027,321 

stacks combines with atmospheric wa- Estimated. * Preliminary "Revised. W Withheld to avoid disclosing company proprietary data. 
° . ncludes byproduct nickel. 

ter to form sulf uric acid (H,SO,) » a 2 Secondary exports were included in apparent consumption for the first time in 1988. 
major component of acid rain. Inco | 3 weighted average calculated by Metals Week. 
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Ltd., the world’s largest nickel pro- | | _ TABLE 2 

ducer, must reduce SO, emissions by | NICKEL RECOVERED FROM PURCHASED SCRAP IN THE UNITED 
two-thirds to 290,000 short tons per STATES, BY KIND OF SCRAP AND FORM OF RECOVERY* 
year by 1994 at its Sudbury complex to 
meet Ontario Provincial Government | (Short tons of contained nickel) 
imposed limits. The company has em- |] _ 

barked on a $410 million program to | 1987 1988 1989 

install new technology to meet those | KIND OF SCRAP | 
limits. The alternative would be to re- | Aluminum-base _ ——-188 233 231 

duce its production by two-thirds from | Copper-base 2,097 722 3,605 

1989 levels. Ferrous-base | "27,247 41,537 35,597 

Nickel-base 6,107 2,745 4,422 

Total 35,639 *45,237 43,855 

PRODUCTION FORM OF RECOVERY 

Aluminum-base alloys 229 561 | 231 
The Riddle, OR, ferronickel smelter | Chemicalcompounds — — | — | 

in Douglas County reopened, becom- | Copper-base alloys 6,594 — 7 1,768 5,396 

ing the sole domestic source of nickel. | Ferrous alloys *27,279 | 41,592 : 35,656 

The facility, formerly owned by M. A. | Nickel-base alloys 1,537 1,316 2,572 

Hanna Co., closed in 1985 because of Total 35 639 45,237 43,855 
the then prevailing low nickel prices. In | “iumaca Raised t—“‘ts*s‘s~s‘“s~<CSCSt 
April 1989, the smelter property was | 

purchased by the Glenbrook Nickel Co., | | , 

Spokane, WA, which was owned by | 
Cominco American Resources Inc. | 
(CARI), Spokane. CARI was 100% | | | : 
owned by Cominco Resources Interna- | 

tional Ltd. (CRIL), Vancouver, British | 
Columbia, Canada. CRIL was about | 

60% owned by Cominco Ltd., Vancou- 
ver, BC. The land at the mine was | FIGURE 1 

owned by a separate group of individ- U.S. NICKEL CONSUMPTION IN 1989, BY FORM AND USE 
uals and Glenbrook was trying to lease 
the property from these groups, al- 
though no decision had been made at FORM USE 

yearend on whether to reopen the mine. a 
After extensive rehabilitation, the LEE 
smelter was restarted in August, using Jf fom 38% 
ore from a reject pile accumulated by (eo \ ~» ————_ 

reject pile was at the smelter, rather) = | 60 MM) 9 
than the mine, and was considered | = NOW in, a 
adequate for about 2 years of smelter > “ZB e, 9° | 9 Sy 
feed. Glenbrook produced 382 tons of Qe” Qe 
nickel contained in ferronickel in 1989. — 116,998 SHORT TONS | 

CONSUMPTION Cathodes, etc. [_] Stainless, etc. 

Ferronickel E| Nonferrous 
Western World consumption reached Electroplating 

record levels for the third consecutive Oxide Other 

year, although it fell sharply in the ~ 
second half of the year. U.S. consump- Other Superalloys... ides superalloys 
tion followed a similar pattern; domes- 
tic stainless steel production was 24% 
lower in the second half than in the 
first, according to data from the Amer- 
ican Iron and Steel Institute. Demand 
by the stainless steel sector slackened 
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| TABLE 3 year in March, and, except for a brief 

| REPORTED U.S. CONSUMPTION OF NICKEL, BY FORM rise in late June, declined steadily 
| — thereafter. Changes in price levels in 

, (Short tons of contained nickel) 1989, as in recent years, were almost 
| entirely driven by stainless steel de- 

— Form 98S 1986 1987 1988 «1989 | mand, the largest end use for nickel 
Primary: | (48% of domestic reported consump- 

- Ferronickel 17,993 13,256 17,418 12,936 11,203 | tion in 1989). | 
Metal 90,379 82,884 98,673 99,398 96,396 The primary reasons for the rise in 
Oxide and oxide sinter 6,297 7,357 9,926 7,790 6,485 | the first quarter were low stock levels 
Salts! 2,770 2,416 2,435 2,657 420 | and concerns about actual and poten- 
Other 2,468 1,149 2,052 2,739 2,494 | tial significant production losses (see 
Total primary ——=«*219,907 107,062 "130,504 "125,520 116,998 | World Review). At the end of the first 

Secondary (scrap)? —(tsé‘“«*‘*«‘«S «SDS 31,824 35,639 45,237 43,855 | Quarter, the service centers began to 
Grand total ~—~—~S«~2CSDSOD 138,886 "166.143 "170,757 160,853 realize the long boom in stainless steel 
‘Renee | consumption could be coming to an 

"Metallic nickel salts consumed by plating industry are estimated. end. Service centers, which buy stain- 
2 Based on gross weight of purchased scrap consumed and estimated average nickel content. less steel from the mills for resale to 

stainless users, handle more than 50% 
first in the United States, then in Eu- | apparent consumption. The decrease in | of the stainless steel sold in the United 
rope, and finally in Japan. _ stocks took place in the first half of the | States and are a major factor in Europe 

year. As consumption dropped in the | as well. The service centers began to sell 
Cs Second half, producers began to rebuild | off their inventories and reduce their 

STOCKS inventories. purchases from the mills. The drop in 
re | orders meant that the stainless steel 

| ao s|s midis needed less nickel. This coincided 
The combined stocks of primary | PRICES with increased availability of stainless 

nickel maintained in the United States | —---------_ | steel scrap, a major constituent of 
by foreign producers with U.S. sales stainless steel production. The _ in- 
offices, and by metal-trading compa- The London Metal Exchange (LME) | creased availability occurred because 
nies with U.S. sales offices, decreased | cash price for nickel fell by 55% | scrap exports were down as a result of 
11% during the year. At yearend, these | through the year. Prices began the year | decreased foreign demand from Europe 
stocks represented 14 days of domestic | on the rise, reached their peak for the | and Japan, the major recipients of 

TABLE 4 

U.S. CONSUMPTION OF NICKEL, BY USE 

(Short tons of contained nickel) 

U ally Ferro- Nickel Nickel Other Total Secon > 1989 1988 
se pure nickel ‘oxide salts primary primary dary grand grand 

nickel forms (scrap) total total 

Chemicals and chemical uses 1,273 — W 10 W 1,283 — 1,283 2,002 

Electric, magnet, expansion alloys 134 — — — W 134 59 193 273 

Electroplating (sales to platers) ! 23,814 — — W — 23,814 — 23,814 21,517 

Nickel-copper and copper-nickel alloys 5,497 W W W 51 5,548 5,396 10,944 7,595 

Other nickel and nickel alloys 18,263 W W W W 18,263 2,413 20,676 20,994 

Steel: | 

Stainless and heat-resistant 26,222 10,488 5,784 W 1,564 44,058 33,568 75,910 88,301 

Alloys (excludes stainless) 6,181 232 W W W 6,413 304 6,717 8,080 

Superalloys 11,918 WwW WwW WwW WwW 11,918 159 12,077 14,922 
Other” 2,469 __ 483 __ 688 _ 410 | 687 4,737 231 4,968 2,951 

Total reported by companies canvassed 96,396 11,203 6,485 420 2,494 116,998 43,855 160,853 169,235 

Total all companies, apparent XX XX XX XX XX 3 140,333 21,769 162,102 *175,436 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” XX Not applicable. 

' Based on monthly estimates. 

2 Includes batteries, ceramics, and other alloys containing nickel. 

3US. production plus imports minus exports minus stock increases. 
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TABLE 5 stainless steel scrap exports. The LME 

NICKEL IN CONSUMER STOCKS IN THE UNITED STATES, BY FORM | Price declined steadily until the third 
quarter when lower than expected ship- 

(Short tons of contained nickel) ments of Soviet nickel caused a brief 

Pe rally. Stainless steel demand and nickel 

Form 1985 ——-1986 1987 1988 1989 | prices then experienced a steady decline 

Primary: | throughout the remainder of the third 

Ferronickel 1,930 1,028 716 1,520 2,077 | quarter and through the fourth quarter. 

Metal 13,754 11,829 ~ F8,303 *8,140 5,742 

Oxide and oxide sinter 3,059 3,281 995 1,980 1,371 | =O ace 

Salts 184 175 196 202 93 FOREIGN TRADE 

Other 179 244 208 268 466 | 

___Totalprimary  —_-——s‘19,106 16,557 10,478 12,110 9,749 The net import reliance was 65% 
Secondary (scrap) 6,302 4,669 4,375, _5,090 _5,305 | because there was little domestic pri- 

Grand total | 25,408 21,226 14,853 17,200 15,054 | mary production and virtually all pri- 

"Revised. mary nickel consumed in the United 
States was imported. Canada, as usual, 

| supplied most of the imported nickel, 

| including most of the nickel imported 

| from Norway. This nickel was mined 
and smelted in Canada before being 

. refined in Norway and shipped to the 

United States. The high level of de- 
mand for primary nickel also meant 
high demand for nickel-bearing scrap, 

: both domestically and abroad. As a 
result, U.S. stainless steel scrap exports 

| | in 1989 increased considerably. Assum«';". | 
ing a nickel content of 7.5%, 21,863 | 

FIGURE 2 tons of nickel contained in stainless 

MAJOR SOURCES OF U.S. PRIMARY NICKEL IMPORTS IN 1989 steel scrap were exported in 1989 com- 
pared to 18,251 tons in 1988 and an 

| average of about 14,000 tons per year > 

for the 5 years preceding 1989. — 

WORLD REVIEW 

| “E VES itt. Eo Industry Structure 

» LO NEES Pee Nickel was produced in at least 26 
oN Ao ns VEE ES Se ye countries in 1989. Nickel-producing 

CON ee eg countries and companies can be grouped 
Se REEL er by deposit type; production within a 

Se ee eee country is generally from laterite or sul- 
ee ll fide deposits. Exceptions include Austra- 

Ss lia, Brazil, and the U.S.S.R. Usually 

139,039 SHORT TONS ferronickel is produced from laterite 
ores because of their high iron content 

ie FE] ey and because these ores are more easily 

Indl Canada =] Norway LJ Australia smelted than concentrated and refined 
hydrometallurgically, whereas refined 

Other Dominican Republic metal is most often produced from 

co sulfide ores. From 1985 through 1989, 

those countries producing from laterite 
ore accounted for about 35% of world 
mine production, with the balance 
coming from sulfide ores. Inco Ltd., of 
Canada, is the largest single producing 

company. From 1985 through 1989, the 
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| TABLE 6 

| | U.S. EXPORTS OF NICKEL AND NICKEL ALLOY PRODUCTS, BY CLASS 

(Short tons of contained nickel ) 

1986 1987 1988 1989 , 
Class Quantity Value Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- (short (thou- 
tons) ands) tons) ands) tons) ands) tons) ands) 

Primary: | 

Cathodes, pellets, and briquets (unwrought) 1,936 $12,542 1,547 $10,581 1,940 | $19,344 975 $10,861 
| Electroplating anodes 108 961 213 1,864 . 206 1,618 NA ~ NA 

Ferronickel 184 NA 71 NA — — 666 949 
Powder and flakes 584 5,913 $82 6,720 575 8,184 661 12,111 

Total 2,812 XX 2,413 XX 2,721 XX 2,302 XX 
Secondary: 

Stainless steel scrap 165,402 90,066 172,273 94,025 243,344 239,807 291,609 320,683 
Nickel content, secondary! 12,405 XX 12,920 XX 18,251 XX 21,871 XX 

Wrought: 
eS CO 

Bars, rods, profiles, and wire NA NA NA NA NA NA 282 4,399 
Sheets, strips and foil NA NA NA NA NA NA 243 4,107 
Tubes and pipes NA NA NA NA NA NA 67 3,445 

Total NA NA NA NA NA NA 592 11,951 | : Grand total | __NA — NA | NA NA NA NA 24765 XX 
Nickel-compound catalysts, gross weight 2,243, 10,631 3,984 ~ 16,940 ~ 4,812 21,745 6,736 ~ 34,875 
Nickel waste and scrap, gross weight | 10,500 15,012 11,541 17,273 12,782 36,079 14,938 45,739 

Total | 12,743 25,643 15,525 34,213 17,594 57,824 21,674 80,614 
NA Not available. XX Not applicable. } 
' Nickel content of stainless steel scrap is considered to be 7.5%. 

Source: Bureau of the Census 
| : 

. TABLE 7 

U.S. IMPORTS FOR CONSUMPTION OF NICKEL PRODUCTS, BY CLASS | 

(Nickel content unless otherwise specified) 

1987 1988 1989 
Class Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 
tons) ands) tons) ands) tons) ands) 

Primary: 
| 

Smelter products: 

Ferronickel "20,910 $57,481 "16,066 $116,990 12,650 $117,630 
Salts and other (including slurry) *5,382 24,754 "11,798 $1,512 8,820 16,275 

Refined nickel: 

Cathodes, pellets, briquets, and shot (unwrought) 113,249 455,126 112,576 1,024,106 100,448 114,861 
Flakes 937 3,622 730 6,274 62 5,702 
Oxide and oxide sinter *2,577 4,277 *2,942 26,009 5,550 3,052 
Powder 11,040 56,784 10,254 94,469 11,510 121,416 

Total "154,095 602,044 "154,366 1,319,360 139,039 378,936 
Wrought: oO OO a oo Oo 

Bars, rods, profiles and wire NA NA NA NA 425 7,739 
Sheets, strip and foil NA NA NA NA 361 5,973 
Tubes and pipes NA NA NA NA 125 2,799 
Total NA NA NA NA 911 16,511 

Nickel waste and scrap, gross weight 7,567 25,133 "4,612 38,039 5,678 78,089 
"Revised. NA Not available. 
'Data do not add to total shown because of independent rounding. 

Sources: Bureau of the Census and Journal of Commerce. 
| 

NICKEL MINERALS YEARBOOK—1989 | 733



a 

TABLE 8 

U.S. NICKEL IMPORTS FOR CONSUMPTION OF NEW NICKEL PRODUCTS IN 1989, BY COUNTRY 

(Short tons of contained nickel) 

II I 

Cc Cathodes, pellets, Powder and Oxide and . Salts° Total 

ountry and briquets, flakes oxide sinter Ferronickel and other TTT 

(unwrought) | 1989 1988 

Australia 3,341 1,758 2,209 — 17 7,325 9,259 

Botswana — — | — _ — — 99 

. Canada 70,819 8,888 3,341 94 3,965 87,108 90,242 

Colombia : — — — 1,727 — 1,727 - 2,490 

Dominican Republic 1,865 — — 5,691 1 7,558 9,048 

Finland 731 — — — — - 731 2,487 

France 1,807 — — — 755 2,562 3,476 

Germany, Federal Republic of 125 83 — 8 938 1,153 1,311 

Japan 1 1 — — 118 120 728 

New Caledonia ° — : — — 4,757 7 - 4,764 3,595 

Norway | 16,606 — — — 38 16,643 21,910 

South Africa, Republic of | 1,039 654 — 18 7 1,718 2,179 

‘United Kingdom 119 85 — — 431 634 1,073 

Zimbabwe 3,634 39 — — 201 3,873 3,644 

Other 361 65 — 354 2,344 3,123 2,826 

Total? 100,448 11,572 5,550 12,650 8,820 139,039 154,366 

© Estimated. 

1 Data may not add to totals shown because of individual rounding of converted units. 

Sources: Bureau of the Census and Journal of Commerce. 
i | 

five largest producing countries and The major corporate event of the | concentrate to identify potential purchas- 

their share of world mine production | year was the sale of Falconbridge Ltd., | ers. The project was subject to approval 

were: the U.S.S.R. (24%), Canada | of Canada. As a result of unprecedent- | on completion of a final feasibility study 

(22%), Australia (9%), New Caledonia edly high nickel demand in recent in 1990. 

(9%), Indonesia (6%), and Cuba (4%). | years, there was a spate of exploration Outokumpu was also reported to be 

The Sudbury area of Canada has re- | and development activity, most of | planning to begin a $27 million nickel 

mained one of the principal sources of | which took place in Australia. project in Forrestania in Western Aus- 

nickel in the world. This area is mined by tralia. The company bought a 55% 

Inco and Falconbridge Ltd. Other very | Australia interest in the project from Metals Ex- 

important nickel mining districts are the Australian Consolidated Minerals | ploration Ltd. Forrestania was com- 

Noril’sk in the U.S.S.R. and the Kam- | Ltd. (ACM) and Outokumpu were plan- prised of two properties, Digger Rocks 

balda district of Western Australia. The | ning to form a 50-50 joint venture to and Cosmic Bay. Outokumpu planned 

only U.S. producer at present is the Glen- exploit ACM’s wholly owned Mt. Keith | to complete the development of the 

brook Nickel Co., which operates the | deposit in Western Australia. Prelimi- | open pit Digger Rocks and under- 

ferronickel smelter at Riddle, OR. Some | nary feasibility studies indicated an ini- | ground Cosmic Bay properties and 

nickel is also produced in the United | tial reserve of 110 million tons of ore | build a 440,000-short-ton-per-year con- 

States as a byproduct of copper refining | grading 0.63% nickel. One purpose of | centrator by early 1991. Digger Rocks 

and recycling. the joint venture was to provide Outo- reportedly had reserves of 1.3 million 

| kumpu with an additional source of feed | tons of ore grading 1.76% nickel, and 

Capacity for its nickel facilities in Finland by ship- | Cosmic Bay had 2.5 million tons grad- 

The data in table 9 are rated capacity | ping concentrates to the company’s facil- | ing 2.82% nickel. The project was ex- 

for mines, smelters and refineries as of | ity in Kokkola, Finland. There, the con- | pected to have a lifetime of 7 years 

December 31, 1989. Rated capacity is | centrate was to be roasted in existing | based on forecast production. The con- 

defined as the maximum quantity of | facilities, and an electric furnace was to | centrate from the facility was to be sent 

product that can be produced in a | be builtto produce ferronickel. The com- | to Outokumpu’s smelter and refinery 

period of time on a normally sustain- panies indicated that, although the | in Finland. Outokumpu was also re- 

able long term operation rate, based on | project was planned to have a capacity of | ported to be considering developing the 

the physical equipment of the plant, | 22,000 short tons per year, the deposit | richer Flying Fox and New Morning 

and given acceptable operating proce- | had the capacity to supply a much larger | nickel deposits in the region. The For- 

dures involving labor, energy, materi- | operation. The joint venture was to hold ‘restania purchase was part of Outo- 

als, and maintenance. discussions with other users of nickel | kumpu’s efforts to obtain a long-term 
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TABLE 9 

WORLD NICKEL ANNUAL MINE ; , _ 
~ AND PLANT PRODUCTION supply of feed, because its own reserves in late 1988, the company, recommis- 

CAPACITY AS OF have been diminished. _ | sloned the mill in early 1989 and began 
DECEMBER 31. 1989 _ Queensland Nickel Pty. Ltd. was | developing the mines. Production be- 

9 e ° . e . 

considering a plan that would permit | gan in mid-1989. 
(Thousand short tons contained nickel) the company to increase the production 

| | rate of its nickel refinery near Towns- | Canada 

| Oo Refinery | Ville, Australia, by 50%. This was to be In August, Falconbridge Ltd. was 
Country Mine and | accomplished by increasing the produc- | jointly purchased by Noranda Inc., a 

| capacity smelter” | tion capacity by 20% and processing | large, Toronto-based resource firm and 
ACT higher grade ore. Reserves at the refin- | Trelleborg AB, a large Swedish metals 

North America: ery’s source of feed, the Greenvale | producer. | 
_Canmada 220 170 | Mine, were expected to be depleted in Falconbridge announced plans to 
__United States = _>>_ | 1992. Queensland Nickel signed an | open a mine at its Sudbury operations. 

Total | 220 225 agreement with P.T. Aneka Tambang to | The new mine, to be called the Craig, 
South America: | _— supply nickel ore to the plant. The | was to provide more than 22,500 tons 
Brazil 26 21 Indonesian Government-owned mining | of nickel per year from late 1993 until 
Colombia 24 25 concern was to supply as much as 1.1 | beyond 2000. This quantity, which rep- 
Total OQ” ~ 46 | million short tons of ore per year for 8 | resented about 60% of Falconbridge’s 

Caribbean. 2. = ——= | years. This was enough feedstock to | Sudbury production, was to replace 
Cuba 60 33 satisfy about one-third of the Yabulu | production from other mines with di- 

co plant’s requirements at the time, and | minishing reserves. 
Dominican . . . . Republic 35 35 | was expected to decrease to about one- Falconbridge increased its ownership 
total ——g__ | quarter as the plant’s capacity was in- of New Quebec Raglan Mines Ltd. 
Euope: —== creased. Queensland also signed a long- from 73.8% to 100%. The Raglan 
Albania 7 ; term contract with New Caledonian | property was a nickel-copper deposit in 

oo firms. The two agreements were ex- | the Ungava region of northern Quebec. 
_Finland 12 21 | pected to fulfill the refinery’s feedstock Inco Ltd. announced plans for the 
_France — 13 | needs for several years. | development of a major new mine near 

Greece >) 30 Resolute Resources of Australia was | its nickel production complex at Sud- 
Norway — 59 | planning to develop a nickel deposit | bury, Ontario. The new mine, named 
U.S.S.R. 210 270 | with reserves estimated at 119 million | the McReedy East, was to involve the 
United short tons near Kalgoorlie in Western | largest known undeveloped high-grade 
Kingdom — 50 | Australia. Plans called for the produc- | nickel-copper sulfide deposit in the 

Other? 30 17. | tion of 14,000 tons of nickel per year | Sudbury basin. The engineering and 
Total 288 465 | over about 15 years. | preliminary development began in De- 

Africa: ——— a An Italian state-owned company, | cember, and production was to begin in 
Botswana” om _._ | AGIP SpA., announced that its subsid- | 1993. Full production of 7,000 tons of 
“South Africa. lary, Agip Australia Pty. Ltd., had | ore per day was expected to be reached 

Republic of 50 32 | formed a joint venture with an Austra- | by 1996, resulting in the production of 
Zimbabwe 20 99 +#«| ian company, Whim Creek Consoli- | 20,000 tons of nickel per year. Because 

a > dated, to develop a nickel-copper mine | of the mine’s size, grade, and use of the 
Lae —— | in Australia. The property, known as | latest mining technology, the company 
Ching 40 30 Radio Hill, contained proven reserves | expected the McReedy East to operate 
a of more than 1 million tons of ore | at a productivity level double the aver- 

_Indonesia 65 6 | grading 2.22% nickel and 1.68% cop- | age of the other Inco mines. 
Japan — 124 | per. A feasibility study was being con- Inco was forced to decrease produc- 
Korea — 13 | ducted by Agip at the site, located near | tion at its Thompson complex in Man- 
Philippines? 45 35 | Karratha, in the Pilbara region of West- | itoba after encountering unacceptably 
Taiwan — 9 | ern Australia. The facility was 66.6% | high levels of arsenic at the Thompson 

Total 150 217. | owned by Agip and the balance by | Open Pit North Mine. 
Oceania: —— ———— | Whim Creek. Mining was expected to Inco reopened the Shebandowan 
Australia. 83 59 | begin in 1990 at a rate of 220,000 tons | Mine, which was west of Thunder Bay, 
New Caledonia. 100 59 | Per year (TPY) of ore for 7 years. This | Ontario. The mine was operated by 
—Toal dB —TF00:(| Was expected to produce more than | MclIsaac Exploration, which sent con- 
—WorldtoalOTETS 50,000 TPY of concentrate at 6% centrates by truck to Inco’s Sudbury 
[Raul mae b ap Guat pode GOSS nickel and 3.6% copper, with minor smelter. 
before the nickel iy comtaine cea bo vecd in making alloys or other | GUantities of cobalt and platinum- The 10-year contract, under which 
products, smelter capacity for matte is not listed to avoid double | ZrOUp metals. Sherritt Gordon Ltd. toll-refined nickel 
sountine. Austria, Czechoslovakia, the Federal Republic ot Ger |. Following Western Mining Corpora- for Inco, expired at the end of the year. 
many, the German Democratic Republic, Poland, and Yugostavia, | lon Ltd.’s purchase of the Leinster | The contract had provided the Sherritt 
3 Standby or partially standby capacity. mining center (formerly called Agnew) | refinery with just over one-half of its 
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raw materials. In a search for addi- | shipped to the Queensland nickel refin- | ode output capacity to a total of 2,400 

tional raw material, Sherritt secured a | ery in Yabalu, Queensland, Australia. | tons per month. 

new source of feedstock for its refinery Inco Ltd. was proceeding with plans 

in Fort Saskatchewan, Alberta. The | to offer up to 20% of the ownership of Korea : 

Redstone Mine, located near Timmins, | its 78%-owned subsidiary, PT Inco In- Korea’s first nickel refinery came on- 

| Ontario, a joint venture between Tim- | donesia, to the Indonesian public. line in June, with production reaching 

mins Nickel Inc. and BHP-Utah Mines 375 tons. The Korea Nickel Corp. plant, 

Ltd., was expected to produce about | Japan jointly owned by Inco Ltd., (25%), Ko- 

5,000 tons per year of nickel in concen- Pacific Metals Co. Ltd., was plan- | rea Zinc Co. Ltd., and Keo-Yang Co. 

trate. Sherritt stated that, based on the | ning to increase its ferronickel capacity | Ltd., reached a capacity of 13,000 tons 

projected quantities from its then cur- | and production in 1990 from the 1989 | of nickel per year late in 1989. 

rent sources, feed supplies were suffi- | capacity of 40,000 TPY to a capacity of 

cient to permit its refinery to operate at | 44,000 TPY. Philippines 
full capacity in 1989 and at 70% of Sumitomo Metal Mining Co. Ltd. The Philippine Government agency, 

capacity for the following 5 years. was converting a refinery in Hosos- | Asset Prioritization Trust (APT), which 

Another source of Sherritt feed, the | hima, which had been used to treat | was responsible for selling the Nonoc 

Namew Lake Mine in northern Mani- | cobalt concentrates to a 360-short-ton- | Mining & Industrial Corp.’s nickel mine 

toba, experienced production difficul- | per-month electrolytic nickel refining and refinery, made several unsuccessful 

ties caused by water problems in the | unit. This was to increase nickel cath- | attempts to sell the facility. 

deepest part of the mine. | | 

Finland TABLE 10 

Outokumpu Oy signed an agreement NICKEL: WORLD MINE PRODUCTION, BY COUNTRY" 
to receive nickel concentrate from Nik- 

kel and Olivin AS, a Norwegian com- (Short tons of nickel content) 
pany operating in Sweden. The Arness- 

jellet Mine, near Ballangen, Sweden, Country . 1985 1986 1987 1988P 1989° 

was expected to begin trial production | Albania (content of ore)* 10,600 10,700 9,900 9,900 9,900 

in March. Outokumpu was to receive | Australia (content of concentrate) 94,531 84,590 82,182 —«- 68,738 += 773,900 

16,500 tons of concentrate in 1989 and | Botswana (content of ore milled) 28,991 28,173 «28,572 += 28,628 += 28,700 

about 33,000 tons in each of the next 2 | B.a7i1 (content of ore) 18,158 23,262 22,215 ~—«- 22,963 23,100 

arokumpu's Harjavalt a ekels Bee Burma (content of speiss)* | 60 52 55 115 110 

in southwest Finland. Canada? 187,361 180,381 208,431 240,917 224,371 

os China ‘* | 27,600 27,600 27,600 *27,600 27,600 

with tee SS formed deviop orc kel Colombia (content of ferroalloys) 17,013 20,975 21,301 18,300 16,500 

i ij 1 Cuba (content of oxide, sinter, 

niles my he Pochenga, nsula, @ pout sulfide) *35,370 35,514 37,285 46,030 47,400 

U.S.S.R. Subject to the successful con- Dominican Republic 27,992 24,116 35,848 ©32,300 35,300 

| clusion of a feasibility study, Outo- Finland (content of concentrate) 9,421 13,102 11,637 12,897 13,200 

kumpu was to exploit the underground German Democratic Republic‘ 2,200 2,200 ~~ 2,200 2,200 1,700 

part of the Tundrovoje deposit, which | Greece (recoverable content of ore)* 24,300 15,900 10,100 9,900 9,900 

had been mined as an open pit for more | Indonesia (content of ore)* 44,463 59,171 63,674 63,914 70,900 

than 30 years. Outokumpu was building | New Caledonia (recoverable content 

a nickel flotation plant for Pechenga | of ore) 79,800 68,100 62,700 74,600 137,800 

Nickel in the town of Zapolyarnvy. Norway (content of concentrate) 468 483 ©440 ©440 440 

_ Outokumpu was also actively involved | Philippines 31,039 14,099 8,619  °11,900 15,400 

in Australian projects (See Australia). | poland (content of ore)° 2,200 2,200 2,200 + ~—-2,000 2,000 
South Africa, Republic of* 27,600 *34,200 37,800 38,400 39,100 

Indonesia U.S.S.R. (content of ore)‘ ™204,000 ‘215,000 226,000 ‘237,000 237,000 

PT Aneka Tambang, a state-owned M hipped) (content of ore 6,127 1,175 _ _ _ 

capac ity” was Pia ee aie ine Yugoslavia (content of ore) , 4,200 4,200 4,300 4,300 4,200 

open a new nickel mine. The expansion “imbabwe (conten of een saa a ay SS — or 

would require the construction of a | —-2# ————-_— ee 

second furnace at the Pomalaa, Su- | ;Fstimated. °Preliminary. “Revised. . a 
. . . Insofar as possible, this table represents recoverable mine production of nickel. Where actual mine output is not available, data related 

lawesi, plant. The new mine was to be to a more highly processed form have been used to provide an indication of the magnitude of mine output and this is noted 

developed on Gag Island with the as- parentheticaly or by a footnote following the country name. Table includes data available through May 4, 1989. 

sistance of Queensland Nickel Joint 3 Refined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported matte and speiss. 

Venture (QNJ V). Nickel ore was to be | ‘includes a small amount of cobalt not reported or recovered separately. 
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Ape CURRENT RESEARCH | 
NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY! a 

(Short tons of nickel content) Outokumpu and ACM developed a 

process, which, if successful, could 
Country? 1985 1986 1987 1988P 1989° have a significant effect on the way 

Albania: Metal — — — 3,500 °5,000 | sulfide deposits are developed. (See 
Australia: Australia section.) The Mt. Keith de- 
Metal —SOt<CstSSSC( (Ct! 25,302 23,864  °27,149 25,400 424.250 | posit in Western Australia is a low- 
Oxide... 19,680 22,540 °21,936 20,900 22,000 grade sulfide deposit. Historically, 

- Toal=Ss*é<“‘=~*é*~*~*~*~*~*~*~*~*~*~”~”:*C~«SOBDSCC«G OM) 49,085 46,300 -~S 46,250 | BICKel produced from a sulfide deposit 
Brail:? TES SO || has nearly always been in elemental 

st form, and laterite deposits have been 
_Ferronickel 10,363 10,559 10,735 10,161 10,400 | used to produce ferronickel. Pilot-scale 
Metal _ 4 SO 4284 4,942 4,893 5,000 metallurgical testing in Australia dem- 

Total 14,513 14,843 15,677 15,054 _ 15,400 | onstrated the feasibility of producing a 
Canada: high-grade nickel concentrate with a 
Metal 99,285 107,323 122,119 126,595 114,600 | low magnesium content. The low mag- 
Oxide 19,810 15,341 22,834 43,143 41,900 | nesium content was necessary to pre- 

Total 119,095 122,664 144,953 169,738  4156,500 | vent the ore from being too refractory, 
China: Metal® —s—s—=—<—*~é‘~*«éB800S—s«(4, 800 =S«(24,800 27,600 27,600 | because a high magnesium content 
Colombia: Ferronickel 13,007 20,975 21,301 °18,300 ~——i8,700 | Would significantly raise the melting 
Cuba> LL TS SSO =| pont one concentrate nS process 

a gave Outokumpu the ability to sme 
Onde 75733 7,240 6,509 13,911 14,300 the concentrate to ferronickel, effec- 
Oxide sinter TTT 9,137 12,477 12,358 _ 13,300 tively eliminating the traditional, and 
_ Foe “17,510 18,377 18,986 26,269 27,600 | costly, midstage of processing concen- 
Czechoslovakia: Metal * 5,000 5,000 "5,000 4,700 4,400 | trate into matte. 

Dominican Republic: Ferronickel 28,450 24,239 32,519 32,347 434,450 According to reports, Ford Motor 
Finland: Metal | 17,258 19,611 16,967 17,329 17,600 | Co. placed verbal orders for zinc-nickel 
France: coated sheet steel with Japanese steel 
Metal 8,598 8,631 8,267 9,700 49 480 | mills. The zinc-nickel sheet is to be used 
Salts 992 1,069 1,323 1,543 41543 in a 1990 model. The electroplated 

- Total stC<CStitstSSS F9,590 79,700 —-<9,590 “41,243 "417,023 coating contains about 13% nickel; the 

Geman Danse Rep balances zine: Zinenickel coated ste — i 
_Unspecified”™ 3,300 3,500 3,800 3,800 3,300 Europe. Ford said that after the initial 
Germany, Federal Republic of: Salts’ _ 800 — ~ _ — | 3 months of production, the company 
Greece: Ferronickel «17,584 1138010141 “14,474 17,744 | would be looking for domestic sources. 
Indonesia: Ferronickel 5293 4,980 1,855 5,407 *5,472 | Bethlehem Steel Corp., Pittsburgh, PA, 
Japan: is the only domestic steel producer 
Ferronickel 60,174 54,708 54,460 63,445 *69,263 | known to have scheduled commercial 
Oxide 16,755 20,892 24,583 26,659 25,400 | production of zinc-nickel coated sheet 

Metal 25,636 25,577 23,586 22,003 23,800 | Steel for automobile applications. 
Total = = = =~ ~—~——«102,565 ~=—«:101,177+—«:102,629-S«*112,107~—S—«118, 463 Other steel producers may be giving it 

Korea, Republic of: Metal _ _ _ _ 4,600 consideration. 

New Caledonia: Ferronickel 39,797 36,377 += 32,552 41,173 39,700 KK I Corp., pormer'y Nippon onan 
‘| Norway:Metal =————~C*«‘“‘C«~*‘«SC*SCSCSS 449,124 «857,871 57,300 | Gucer sed new technology that enabled 

Philippines: Metal «18,732 2,288 a ~_ | the company to use nickel ore in place of 
Poland: Unspecified 2,200 2,100 2,100 1,800 1,300 | ferronickel. The company was converting 
South Africa, Republic of: Metal® = 25,400 27,600 30,200 = 30,700 += —_30,800 | a mothballed converter at its Fukuyama 
U.S.S.R.:°° facility to a 5,500-ton-per-month stain- 
Ferronickel 27,500 27,500 27,500 27,500 27,500 | less steel production facility. The new 
Oxide 16,500 16,500 16,500 16,500 16,500 | process is said to cut costs by as much as 
Metal 176,000 186,000 196,000 218,000 217,000 | 10% from conventional methods. 

Total 220,000 230,000 240,000 262,000 «261,000 NKK also developed the world’s first 
Seefootnotes atendoftable. «| Stainless steel-base shape-memory alloy 

for practical use.! A shape-memory 
alloy is one which when heated, returns 
to a previously formed or ‘“remem- 
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| TABLE 11—Continued cobalt, iron, and aluminum were com- 

NICKEL: WORLD PLANT PRODUCTION, BY COUNTRY’ pacted under extremely high pressure. 
Bureau of Mines researchers have de- 

(Short tons of nickel content) termined that the addition of 4% alumi- 
num to a 17% chromium, 9% nickel 

Country? 1985, 1986 1987 1988” 1989° | stainless steel in a high-temperature, wet 

United Kingdom: Metal 19,621 34,130 32,518 30,534 32,000 | sulfur atmosphere reduced surface corro- 

United States: SS TLE SSS = | sion rates by a factor of 3 to 10.” A study 

Ferronickel ) 5,214 1,651 _ _ 382 | Of the morphology and composition of 
rs | __ | corrosion scales indicated that the alumi- 
Metal 31,168 — — — wos . 

oe SO SS ——— — >) ||_ Hum addition allowed the stainless steel 
Total 36,382 1,651 — — 382 } . 

Yugoslavia: Ferronickel€ 2,650 2,750 2,750 2,750 2.759 | 0 form a compact, tightly adherent layer 
———E eee , , , , 3-000 | 2 the metal-scale interface that limited 

Zimbabwe: Metal 10,340 10,725 11,457 = _ 12,666 _13,000 | both inward diffusion of oxygen and 

_Grandtotal = ——————s«' 840,220 817,389 = 858,004 = 947,662 = 952,834 | cuifur to the base metal and outward 

of which: . diffusion of nickel. The aluminum- 
Ferronickel 210,032 195,119 193,813 215,557 226,361 | bearing alloy provided significantly bet- 

Oxide 90,255 93,650 104,839 133,471 133,400 | ter corrosion resistance, under the above 

Metal 532,641 521,951 552,129 591,491 586,430 | conditions, than AISI type 310 stainless 

Salts 1,792 1,069 1,323 1,543 1,543 | steel, which is used in high-temperature, | 

Unspecified 5,500 5,600 5,900 5,600 5,100 | Corrosive environments and which con- 

Estimated. Preliminary, ‘ Revised. tains 25% chromium and 20% nickel. 

! Refined nickel plus nickel content of ferronickel produced from ore and/or concentrates unless otherwise specified. Table includes data 

available through May 12, 1989. 

21n addition to the countries listed, North Korea is believed to have produced metallic nickel and/or ferronickel, but information is 

inadequate for formulation of reliable estimates of output levels. Several countries produce nickel-containing matte, but output of nickel OUTLOOK 

in such materials has been excluded from this table in order to avoid double counting. Countries producing matte include the following, as 

with output indicated in short tons of contained nickel: Australia: 1984—56,330 (estimated); 1985—56,858; 1986—54,078; 1987— 

52,728; and 1988—50,000 (estimated; Botswana: 1984—20,507; 1985—21,567; 1986—20,913; and 1987—18,230; 1988—24,845; . . 

Indonesia: 1984—27,854 (revised); 1985—34,567 (revised); 1986—30,837; 1987—29,213; and 1988—31,000 (estimated); and New Stainless steel accounts for just over 
Caledonia: 1984—6,021; 1985—9,816; 1986—10,097; 1987—9,130; and 1988—11,541. 60% of total world nickel demand and 

3 Refined nickel plus the nickel content of oxide. . . : ‘ . 

‘Reported fue. is of overwhelming importance in de- 

> Nickel content of ferronickel only; no refined nickel was produced. termining changes in the level of overall 

6 Revised to include nickel content of granular nickel oxide, nickel oxide powder, and nickel oxide sinter. Cuba also produces nickel nickel consumption. Western World 

sulfide, but it is not included in order to avoid double counting. Output of processed sulfide was as follows, in short tons: 1984—15,971; . 

1985—17,835; 1986—18,588 (revised); 1987—19,500 (estimated, revised); and 1988—19,850 (estimated). stainless steel demand grew at an aver- 

7 Includes nickel content of nickel alloys. age annual rate of 5.7% between 1960 

, lncludes nickel content ferronickel, refined nickel, and nickel oxide. and 1988. In light of this, a consensus 

Nickel content of ferronickel or matte only; no refined nickel was produced. 
forecast of 3% to 4% average annual 
growth in the 1990’s seems reasonable. 

Moreover, the austenitic grades’ 

bered” shape, produced through bend- | least twice as fast as the titanium alloys | (nickel-bearing) share of stainless steel 

ing and heating the alloy to roughly | and eight times faster than aluminum production during the same period 

500° C. Because conventional shape- | alloys. It also has superior elongation | grew from 65% to 75%. There are, 

memory alloys, nickel-titanium and | and ductility properties. then, two long-term trends in the larg- 

copper-base alloys had disadvantages, Sumitomo Metal Mining Co. Ltd., a | est end-use sector. One trend is toward 

such as high cost and poor workability, | Japanese nickel producer, developed | greater production of the product and 

their use as structural materials had not | new refining technology that allowed | the other is toward the use of more 

become widespread. The new stainless | the company to produce nickel chloride | nickel in the product. Another large use 

steel-base shape-memory alloy over- | from nickel matte through chlorine | of nickel in the United States is in 

came problems associated with shape- leaching.’ The next step, using conven- | superalloys, which are used in Jet tur- 

memory alloys used in 1989. Its advan- | tional technology, was electrowinning | bine engines. There are record numbers 

tages included: high corrosion | to produce metallic nickel. of orders for civil aircraft as air traffic 

resistance, lower cost than nonferrous Metallgesellschaft AG, of the Federal | steadily increases and aging fleets are 

alloys, superior workability, and vari- | Republic of Germany, developed an | replaced. World nickel consumption in 

able composition. alloy that retained its integrity to between | 1990 is expected to decline from the 

A superplastic duplex stainless steel, | 1,300° and 1,350° C compared with then | record level of 1989, and, because of 

named SuperDux64, was developed by | currently used alloys that could with- | the cyclical nature of nickel demand, 

Nippon Yakin Kogyo Co. Ltd. in | stand temperatures of up to 1,200° to | may not turn upward for a few years. 

Japan.” The new alloy, when compared | 1,250° C.* The new alloy, targeted for | Therefore, nickel demand through 1993 

to the superplastic materials Ti-6Al-4V | use in next-generation gas turbine en- | may be flat, but should recover after- 

(titanium with 6% aluminum and 4% | gines, was produced without using con- | ward. Long-term consumption should 

vanadium) and 7475AlI (an aluminum | ventional melting processes. Instead, in- | grow at an average annual rate of about 

alloy), can be formed into shapes at | dividual crystals of nickel, chromium, | 2%, primarily as a result of stainless 
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Steel demand. U.S. consumption 1 Nickel, A World’s First: Stainless Steel-Base Shape- TABLE 12 

should increase at about the same rate, | Memory Alloy for Practical Use. V. 5, No. 1, Sept. 1989, TIME-PRICE RELATIONSHIPS 
owing to demand from the stainless | pp. 8-9. | FOR NICKEL 
steel and superalloy sectors. The fastest ?_____. Develop Superplastic Stainless in Japan. V. 

growth should be in the Far East. Re- | > a ne en PP. Oi Rolls Out New | Average annual price, 

cent events in Eastern Europe, after | 421 refining Method. Amer. Met. Mark., v. 93, No. dollars per pound _ 
which these countries began moving | 196 sept. 25, 1989, p. 20. Year Actual Based on constant 

toward market-based economies, could | ¢ Amer. Met. Mark. MG Develops High-Grade Alloy. price 1982 dollars! 
have a profound effect on nickel con- | V. 98, No. 46, Mar. 7, 1989, p. 4. 19440 #4035 #4269 
sumption. Pent-up consumer demand * Dunning, Jj. S., and S. C. Rhoads. Effects of Al i945. SC=<CSst‘itsti‘<=SD!SSS ES 

could cause the region to become a Additions on Sulfidation Resistance of Some Fe-Cr-Ni a 
. . Alloys. BuMines RI 9278, 1989, 19 pp. 1950 45 1.87 

major stainless steel consumer. Con- 19650 Ba 
sumption in the next 3 to S years is aA 
expected to rise faster in the Far East | OTHER SOURCES OF INFORMATION | 1960 0742.39 
and in Eastern Europe than in the rest a 65 0B 
of the world. oo of Mines Publications 1970 1.29 3.07 

inerals Yearbook, annual. 1971... .»+4104... . ©=5678.CO™~”W 

Mineral Industry Surveys, monthly. 1972. 4135... 2.89 

BACKGROUND ; ner Commodity Summaries, 73.””~C«~SCADSS*~“‘*‘*é‘SC SSS 

Minerals Today, bimonthly. 742008 
Definition, Grades, and Specifications | Other Sources WTS BS 

Primary nickel is marketed in the | ~American Metal Market. 760 OB 880 
form of nickel cathodes, powder, bri- Company Annual Reports. 77H 8 
quets, pellets, ingots, and shot, and in Metals Week. 1978 1.89 2.61 
nickel oxide sinter and _ ferronickel. Metals Bulletin. 1979 2.96 3.76 
Commercial nickel in these forms usu- World Bureau of Metals Statistics 1980 2.96 3.45 . 
ally is more than 99.5% pure, except (London). 1981 2.71 2.88 
for ferronickel and nickel oxide sinter. Nickel Development Institute (Toronto). | }999 i (ai‘<‘éiktti<‘<i<i‘i«itCS~S 
The ferronickel produced in the United 1983. 4218 4210 
States contains 48% to 52% nickel and 194. 216... ©6201. 
is sold in 28-pound ingots; that pro- joss 6 4 
duced in other countries contains 20% oo 
to 50% nickel. Nickel oxide sinter con- W860] 

| tains either 76% or 90% nickel. $987 DT 
W988 SS 

Economic Factors . 1989 6.05 4.73 

‘Constant dollar price determined from gross national product 

Prices.—Table 12 shows the time- implicit price deflator. 
price relationship for nickel over a 49- 
year span. The upward price trend in 
the 1970’s reflected generally strong | | 

demand. In the early 1980’s excess pro- 
duction capacity caused nickel prices to 
drop. In terms of constant dollars, 
nickel prices in the mid-1980’s reached 
their lowest levels in more than 50 
years. During this period, producers 
were forced to close at least six produc- 
tion facilities; some others were on the 
verge of failure and lost large amounts of 
money. Consumption, driven by stainless 
steel demand, rebounded dramatically in 
late 1987, reaching record levels for that 

year and each of the next 2 years. Prices 
soared along with demand. 
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By Raymond L. Cantrell 

Mr. Cantrell joined the Bureau’s Chemical Materials group in June 1988 in the capacity of physical scientist, nitrogen 
commodity specialist. Ray’s background in fertilizer market research and planning, technical services, and chemical research 
spans 25 years. He holds a B.S. in Chemistry from the University of Tennessee, Knoxville (1964). Ms. Tonya Hardin, Mr. Joseph 
Daniels, and Mr. Michael McTootle, mineral data assistants, prepared domestic data tables. Ms. Virginia Woodson, international 
data assistant, prepared international data tables. 

lanet Earth is surrounded by | nia sold at near producer cash costs | acid price increase in 1989 and opted to 
an atmosphere rich in nitro- | f.o.b. plant through the third quarter of | purchase record quantities of U.S. diam- 
gen. Nitrogen gas, in fact, ac- | the year. Ammonia export and import | monium phosphate (DAP) instead. This 
counts for about 78% of the | data were withheld from public disclo- | unforeseen geopolitical event was fortu- 

Earth’s atmosphere by volume. Nitro- | sure by the U.S. Department of Com- | itous for both the U.S. nitrogen and 
gen is an inert gas and reacts chemically | merce in 1989, and many industry an- | phosphate industries and prevented a sig- 
only under conditions of high temper- | alysts believed that the loss of strategic | nificant rise in the total US. nitrogen 
ature, pressure or through biological | trade data required for the monitor of | trade deficit, while tempering oversupply 
processes to produce fixed nitrogen | domestic ammonia supply-demand development in the domestic nitrogen 
compounds. Ironically, fixed nitrogen | fundamentals served to exacerbate the | and phosphate markets. | 
(N) compounds are an absolute require- | oversupply situation. Significant restructuring continued | 
ment for life on our planet. A natural Persian Gulf countries landed | to be experienced in the U.S. ammonia 
phenomenon known as the nitrogen | 240,000 tons of ammonia in the United industry during 1989 as evidenced by a 
cycle provides a balance between fixed | States during 1989, representing an in- | flurry of activity in the areas of acqui- 
N forms on Earth and atmospheric | crease of 330% above that of the prior | sition and leveraged buyouts that led to 
nitrogen. year. Kuwait and Bahrain were new | further consolidation. Several projects 

Global synthetic ammonia produc- | entries into the U.S. marketplace and | designed to improve energy efficiency 
tion approached 134 million short tons | accounted for about 70% of the Per- | and Capacity were either completed or 
in 1989 and was valued at about $15 | sian Gulf total. Saudi Arabia provided | in progress. 
billion. Fixed nitrogen in the form of | the remaining tonnage. The U.S. ammonia industry experi- 
synthetic anhydrous ammonia provided India rejected a Moroccan phosphoric | enced one of its more pronounced 

- the base for the production of food and 
fiber required to support Earth’s esti- 
mated 5.2 billion inhabitants. Ammo- TABLE | 
nia also provided for a significant in- SALIENT AMMONIA STATISTICS! 
dustrial chemicals industry. Synthetic . fibers and resins, explosives, and an (Thousand short tons of contained nitrogen unless otherwise specified) 

enormous array of inorganic and or- | 
ganic compounds were dependent upon 1985 1986 1987 1988 1989P 
ammonia feedstock. United States: 

U.S. ammonia plants operated at 96% Production 14,236 11,909 13,232 "13,827 13,830 
of rated capacity in 1989, in producing | ~ Exports 1,010 531 848 642 381 
16.8 million product tons. Domestic de- Imports for consumption ——=—=«is306-—~S*~C«~KBs=C“‘«‘( 'STS*«S«OBNSS*«*«*SS 
mand for anhydrous ammonia and / “Consumption, apparent? __15,441_13,714 15,193 16,250 -16,687 downstream nitrogen conversion | prod- "Stocks, Dec. 31: Producers’ =~=~*S*«~*S:SCSTS~S~*~*«~*‘“«*SO’”S~*«“«C«OUSS|(SS”«d2«CODO.-~-~«926 
ucts was buoyant during the spring of ~ price per ton, yearend, ~~ ~SCSOOC~CS 

1989, and producers operated above ca- | 45. guif coast? $108 $75 $90 $128 $87 pacity In meeting demand. Import de- Net import reliance* aca 
. et import reliance* as a 

mand for anhydrous ammonia reached percent of apparent consumption 8 13 — 13 15 17 
record proportions and the ammonia | ~Qanrai gas price: Wellhead> $2.51 $1.94 $1.67 "$1.69 $1.71 trade deficit soared to a record 3.4 World, 

million tons for the year. An oversupply | — acon 100,287 "100,944 103,879 108,448 +~—-©109,720 situation developed in the domestic am- Trade®— 
monia market following a disappoint- ade —_____9,040__7,920___—9,080_10,210_P 10,830 
ing sp ring fertilizer sea son, p rompting Synthetic anhydrous ammonia career year data; excludes coke oven byproduct. 
a cutback In pr oduction and Imports 2 Calculated from production, plus imports minus exports, plus or minus industry stock changes. 
during the second half of 1989. | Green Markets, Fertilizer Market Intelligence Weekly, McGraw-Hill Inc. 

Ammonia prices fell pr ecip itously 5 Monthly Eneney Review. US. Department of Eneray, Ave tee ronal cae sinead in dollars per thousand cubic feet. 
dur Ing the second quarter and ammo- 6 International Fertilizer Industry Association statistics —World Anhydrous Ammonia Trade. 
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downturns and volatile business cycles | mid-1970’s.. The act restructured the | ing the spring because of an expected 

during the 1980’s. In the early 1980’s, regulation of natural gas by merging | 6%-10% increase in domestic fertilizer 

domestic commodity businesses were | the interstate and intrastate markets, consumption. Production declined 

beset by a number of mutual problems, | provided for phased deregulation of markedly in the fall in response to a 

including inordinate energy costs, dou- | most “new” (postenactment) gas, and | significant buildup in field inventories. 

ble digit inflation, global recession, | provided for the continued regulation | Field inventories were exacerbated by 

growing international competition, sur- | of “old” (preenactment) gas. The De- record ammonia imports and marginal 

plus capacity, and rising inventories. | control Act will serve to repeal the | growth in fertilizer consumption. Ap- 

The U.S. ammonia industry, in particu- | remaining controls by January 1, 1993. proximately 90% of domestic ammonia 

lar, was negatively impacted by prohibi- The Environmental Protection Agency | production was for fertilizer use. Lou- 

tive natural gas feedstock prices, an em- | (EPA) disclosed the first annual Toxic | isiana, Oklahoma, and Texas provided 

bargo on U.S.S.R. grain trade, surplus | Release Inventory of chemicals dis- 60% of U.S. ammonia production; the 

grain inventories, and the emergence of | charged to U.S. air, water, and land re- | Southeast and Midwest, 15% each; and 

new ammonia capacity in the energy- | quired under Title III of the Superfund | the Western States, 10%. 

rich, Government-controlled countries. | Amendments and Reauthorization Act Both ammonium nitrate and ammo- 

Obsolete capacity was closed, plants were | (SARA), known as the “Emergency Plan- | nium phosphate production was up 6%, 

streamlined, and the industry was re- | ning and Community Right-to-Know in 1989. Urea production declined mar- 

structured. The downcycle ended in | Act.” More than 233 million pounds of ginally. Ammonium nitrate demand im- 

1986, and supply-demand fundamen- | ammonia was reportedly emitted into | proved because of its use in the popular 

tals gradually improved throughout the | the air by industries in 1987. Ammonia | urea-ammonium nitrate (UAN) fertilizer 

remainder of the decade. emissions were second only to toluene | solutions and ammonium nitrate fuel oil 

, according to the report. Nitric acid, | explosives (ANFO). New production and 

|} ammonium nitrate, and ammonium | export records were established for am- 

DOMESTIC DATA sulfate were also included under title | monium phosphates in 1989. About 3.5 

Ill. | million tons of ammonia was required to 

COVERAGE The International Trade Commission | meet the demand for ammonium phos- 

rescinded an Antidumping Duty Order | phate production. Acrylonitrile and ca- 

Domestic production data for anhy- | imposed against Chilean sodium ni- | prolactam performed well in the indus- 

drous ammonia were developed by the | trate in 1983.7 The antidumping duties | trial sector. 

Bureau of the Census, U.S. Department | invoked against sodium nitrate landed Fertilizer Industries was formed dur- 

of Commerce. Preliminary monthly data | by Sociedad Quimica y Minera de | ing the year and was reported to have 

are published under product code 28731 | Chile, S.A. (SQM) were to be re- | become the largest nitrogen solutions 

31 in Current Industrial Reports, Inor- | scinded, retroactive to March 1, 1987. producer in the United States, and sec- 

ganic Fertilizer Materials and Related ond only to Farmland Industries in 

Products, M28B. Final monthly data | — —SSSSSSSSSSSSSSSSFSSSSSSSSSSS ammonia production. Between May 

are subsequently published in the com- | DOMESTIC PRODUCTION and November, the conglomerate nego- 

panion annual report MA28B. The Bu- | << tiated the purchase of five nitrogen 

reau of the Census surveyed approxi- fertilizer producers in six States. The 

mately 270 known producers of U.S. ammonia producers operated at | Arcadian Corporation name _ was 

inorganic fertilizer materials during | 96% of design capacity in 1989. Am- adopted, and headquarters were estab- 

1989. Production data are shown in | monia production exceeded design dur- | lished in Memphis, TN. 

table 1. 

TABLE 2 

LEGISLATION AND FIXED NITROGEN PRODUCTION IN THE UNITED STATES 

GOVERNMENT PROGRAMS (Thousand short tons of contained nitrogen) 

a 

The Natural Gas Wellhead Decontrol 9851986 1987 198S_—N9B 

Act of 1989, Public Law 101-60, was | Anhydrous ammonia, synthetic: ’ 
signed into law on July 26, 1989.’ This Fertilizer 13,024 10,852 "12,019 12,566 12,503 

act took the final step in the wellhead Nonfertilizer 1,212 1,057 T1213 "1,261 1,327 

decontrol of natural gas by removing Total 14,236 11,909 13,232 ¥ 13,827 13,830 

those price and nonprice controls that | Byproduct ammonia, coke plants:* — OO — — — 

remained in place following the partial | ~ Ammonium sulfatee —~™*” 50 50 50 60 60 

wellhead decontrol implemented under | ~Ammonialiquor® tS 5 4 5 5 6 

the Natural Gas Policy Act of 1978, 15 | "jog ~CO~=CSs~=‘<CSCSOté‘ C OW*#!*#*«‘SS sa $5 $5 66 

U.S.C. 3301-3432 (1988). Congress en- a —— = =| —— 

acted the 1978 legislation in response to __Grandtotal LS? Oe 

severe shortages of gas in the interstate Canent Tdustil Report, MAUSB and M28B, Bureau of the Census. 

market that occurred in the ear ly to 2 Quarterly Coal Report, U.S. Department of Energy. Production (1985-89) based on reported coke production trend. 
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TABLE 3 of the United Kingdom. Coastal Chem- 

MAJOR DOWNSTREAM NITROGEN COMPOUNDS PRODUCED IN __| !cal Co. expanded ammonia, urea, and 
THE UNITED STATES! ammonium nitrate capacity at Chey- 

enne, WY. A new 320-ton-per-day nitric 
| (Thousand short tons) acid unit, together with a 400-ton-per- 

| day ammonium nitrate plant, was under 

Compound _ 1985 1986 1987 1988 1989” | construction. Coastal was considering a 
Urea: | | new nitric acid and ammonium nitrate 

Gross weight ——~S=«~M «OTS 6,264 7,433 7,914 7,753 | Plant near Elko, NV. Unocal Corp. 
Nitrogen content «3,209 2,881 3,419 3,640 3,566 | Closed its ammonia plant at Brea, CA, 

Ammonium nitrate. and was constructing new ammonium 
Gross weight =—~—~=~=~=~*~S*~S=«S7;«MCD 6,091 6,547 7,504 7,966 nitrate capacity at West Sacramento, CA. 

Nitrogen content —a2,502 2,132 2,291 2,626 2,788 | ,2he Tennessee Valley Authority 
oo ° ° ° ° ° (TVA) permanently closed ammonia, 
Ammonium phosphates:” urea, and ammonium nitrate plants at 
_Grossweight «13,738 11,001 "13,352 115,121 16,001 | Muscle Shoals, AL. TVA reportedly 

Nitrogen content 2,310 1,861 "2,296 2,591 2,721 planned to sell the plants. 

Ammonium sulfate: ? Cargill Ltd. of the United States and 
Gross weight 2,093 2,080 2,189 2,333 2,354 | the Province of Saskatchewan an- 

Nitrogen content 440 437 460 490 494 | nounced plans for the construction of a 
Nitric acid, direct use:4 1,500-metric-ton-per-day ammonia plant 

Gross weight = ———~*«i«S 1,939 2,069 "2,082 1,743 | and a _ 2,000-metric-ton-per-day urea 
"Nitrogen content 448 431 460 463 387 | Plant. The Saferco Products joint- 
Acrylonitrile: ~~ venture plant was to be built in Belle 
~ Gross weight 1174 1.157 1.275 1288 1.304 Plaine, Saskatchewan, at an estimated 
————————— , cost of $400 million. Construction was 

_Nitrogen content 310 305 337 340 344 | scheduled to commence during 1990. 
Caprolactam: Government and industry sources from 

Gross weight 545 425 580 631 656 | both Canada and the United States 
Nitrogen content 68 53 72 78 81 | debated the potential impact of major | . 
Total: new nitrogen fertilizer capacity devel- 

Gross weight 33,689 28,957 33,445 * 36,873 37,777 | opment in North America. 

Nitrogen content 9,287 8,100 "9,335 "10,228 10,381 

P Preliminary. * Revised. aan 

' Ranked in relative order of importance. CONSUMPTION AND USES 

? Diammonium phosphate (DAP), monoammonium phosphate (MAP), and other ammonium phosphates. eee 

3 Excludes coke plant ammonium sulfate. 

4 Gross nitric acid production adjusted for use in production of ammonium nitrate. 

Sources: Bureau of the Census and International Trade Commission. Appar ent domestic consumption of 

ammonia in 1989 was 16.7 million tons 
N. Of this total, 14.2 million tons N, 

The firm purchased the plants of | plants. Big River Inc. was revamping | about 85%, could be accounted for in 
Arcadian Corp. at Geismar, LA, and | the ammonia plant it had purchased at | downstream ammonia conversion prod- 
LaPlatte, NE; Columbia Nitrogen | Helena, AR, and planned to start up | ucts and in direct application ammonia 
Corp. at Augusta and Savannah, GA; | late in the year. fertilizer. Unaccounted disappearance 

Hawkeye Chemical, Clinton, IA; Ni- El Dorado Chemical Co. purchased | amounted to 2.5 million tons N and was 
trex at Memphis, TN, and Wilmington, | American Cyanamid’s idle nitric acid | attributable to miscellaneous applica- 
NC; and Olin Corp., Lake Charles, | plant at Hannibal, MO, and moved the | tions, shifts in field inventories, process 
LA. Arcadian’s annual production ca- | plant and equipment to El Dorado, | losses, and statistical discrepancies. 

pabilities were reported to be 2.1 mil- | AR. Ammonium nitrate annual capac- Approximately 80% of accountable | . 
lion tons of ammonia, 2.9 million tons | ity was to increase to 360,000 tons | domestic ammonia conversion products 
as nitrogen solution, and 0.8 million | agricultural-grade and 250,000 tons | was for fertilizer consumption and ex- 
tons as urea and ammonium nitrate. | industrial-grade in separate prilling tow- | port. The remaining 20% was consumed 
The Geismar, LA, facility was also | ers. LaRoche Industries Inc. purchased | in the industrial sector for synthetic fiber 
equipped to produce wet-process phos- | Chevron’s idle 550-ton-per-day nitric | and resin manufacture, explosives use, 
phoric acid and DAP. acid plant at Fort Madison, IA, and | animal feed supplements, and for the 

Freeport-McMoRan-Agrico announc- | moved the unit to its Cherokee, AL | production of a wide variety of organic 

ed plans for the sale of its large nitro- | facility for nitrogen solutions produc- | and inorganic compounds. 
gen plants at Blytheville, AR, and Ver- | tion. Atlas Powder Co. sold its 230,000- Urea is the most popular ammonia 
digris, OK. A new firm, Agricultural | ton-per-year ammonium nitrate plant at | conversion compound in domestic use 
Minerals Corp., was organized by Ag- | Joplin, MO, and associated explosives | because of its versatility and high anal- 
rico executives to purchase and run the | business to Imperial Chemical Industries | ysis (46% N). The material is used 
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extensively as a fertilizer in both solid TABLE 4 

ane auc corm. ON nave blends DOMESTIC PRODUCERS OF ANHYDROUS AMMONIA IN 1989 
nding share of the nitro- 

gen fertilizer solutions market. In the (Thousand short tons per year of ammonia) 
industrial sector, urea forms the base a 
for urea-formaldehyde resin adhesives Company Location Capacity! 

and other polymeric materials and | Freeport-McMoRan (Agrico) Blytheville, AR? 350 
finds extensive use as a nonprotein ni- Do. Donaldsonville, LA "450 

trogen source in ruminate animal feeds. | Do -—”—<‘i_S:~C~CCOCOCOCOCOCOCOCOCCCCS Verdigris, OK? 950 

Ammonium nitrate and ammonium Air Products and Chemicals Inc. New Orleans, LA *290 

phosphates are second to urea in N use.| Do.SOS*~CS~=C“‘i=CSs‘“SsSOSSS Pace Junction, FL 100 

Ammonium nitrate is used predomi- | ———,/"— . 

nately in the fertilizer and explosives sec- Allied Chemical Corp. Hopewell vA “02 

tors. Ammonium phosphates are pri- | American Cyanamid Co. Fortier, LA 425 
mary to domestic fertilizer use and | AtcadianCorp.* Augusta, GA 1345 
export. Nitric acid is used principally for | _ Po. Clinton, IA 256 

ammonium nitrate production, but Do. Geismar, LA | 352 

about 0.5 million tons, as N, are used for Do. 7 | Lake Charles, LA "460 

other purposes, including organic chem- Do. LaPlatte, NE 190 

ical synthesis and metal treatment. Do. Woodstock, TN 340 

Acrylonitrile and caprolactam are | BigRive,Inc.4? | Helena, AR® 210 

used to produce acrylic and nylon fi- Borden ChemicalCo.—SOt=CS~S«S Geismar, LA 400 

bers, resins, and plastics. Sodium azide CarbonareCo.Inc. 
arbonaire Co. Inc. Palmerton, PA 35 

(NaN,) has surfaced as the propellant CFIndusiiessIna Donaldsonville. LA 1590 

of choice for air bags, utilized by the CF Industries Ince onalesonviss » 

U.S. transportation industry for vehic- | —2® ——--_-_-_>__ Terre Haute, IN 150 

ular safety. The material is currently | Chevron ChemicalCo E] Segundo, CA 20 
imported, but Virtex Oil & Gas Corp. Do. . Pascagoula, MS’ — 
planned a 2-million-pound-per-year fa- Do. St. Helens, OR 80 

cility at Bristol, VA. Do. | Finley, WA 140 

Coastal Chemical Co. ® Cheyenne, WY? 200 

SSS S| d« Cominco American Inc. Borger, TX° 420 

STOCKS E.I. du Pont de Nemours & Co. Inc. Beaumont, TX 520 

Farmland Industries Inc. Beatrice, NB 237 

Producer ending inventories did not Po Dod ge City, KS 210 

change between 1988-89 according to Do Enid, OK 840 

available statistics. Field inventories, | _D®  .-—3= ~~ Fort Dodge, IA 210 

however, were believed to have in- | DO Hastings, NE °140 
creased substantially because of acom- | _ Do. Lawrence, KS "400 

bination of high domestic capacity uti- Do. Pollock, LA” 420 

lization, record ammonia imports, and | First Mississippi Corp. (Ampro) Donaldsonville, LA°> 400 

flat domestic fertilizer demand. Green Valley Chemical Corp. Creston, IA 35 

IMC Fertilizer Group Inc. Sterlington LA 1,050 

—_ —_____———— | Jupiter Chemicals West Lake, LA 30 

TRANSPORTATION LaRoche Industries Inc. Cherokee, AL 175 

Mississippi Chemical Corp. Yazoo City, MS° 473 

The U.S. Department of Transporta- Monsanto Co Luling, LA® 460 

tion (DOT) reversed an earlier decision | Occidental Chemical Co Tacoma, WA 28 
to reclassify anhydrous ammonia from | Penmwalt ChemicalCo Portland, OR 8 
a nonflammable gas to a poisonous gas | Phoenix Chemical Co. 0 East Dubuque, IL 238 

after substantial protest by the public | PPG Industries Inc. Natrium, WV 50 
and private sectors. The Research and | J.R. Simplot Co. Pocatello, ID 108 

Special Programs Administration of | Sohio Chemical Co. Lima, OH* "530 
DOT elected to maintain the current Tennessee Valley Authority!) =” Muscle Shoals, AL 71 

nonflammable classification with the Terra International Inc. Port Neal, IA 230 

addition of an INHALATION HAZ- Do. (Oklahoma Nitrogen) tS™S Woodward, OK 450 

ARD” as a mechanism for hazard com- | 7. 2 , 364 

munication. DOT, however, extended Triad Chemical Co. “Donalsonville, PAO 

the response period from October 24, | °° 7ows * one of ble. 
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TABLE 4—Continued . 

DOMESTIC PRODUCERS OF ANHYDROUS AMMONIA IN 1989 1989, to January 30, 1990, following a 
) joint request by the Railway Labor 

(Thousand short tons per year of ammonia) Executives’ Association and the Envi- 

— Gee ronmental P olicy Institute/ Friends of 

_____ Company Location Capacity” | the Earth. The status of DOT’s plans to 
Union Chemical Co. (Unocal) Kenai, AK 1,200 | formulate a final decision on the issue 
Do Brea, CA" 280 | was indefinite. 

Wil-Grow Fertilizer Co. 10 Pryor, OK 94 Opponents of the original reclassifica- 

Total } | ‘17,606 | tion supplied information that showed 
" Revised. anhydrous ammonia retail prices rising 
Engineering design capacity adjusted for 340 days per year of effective production capability. b l t $1 0 t I t I 

21n late November, Freeport-McMoRan announced plans to sell Blytheville, AR-Verdigris, OK plants. y at cas . per on as a result. in 

3 Plants purchased late May through early November by Fertilizer Industries, holding company for the Sterling Group and Unicorn Venture addition to a direct price increase at the 

Funds. ‘ 

4 Closed March 1989; expected on-stream early 1990 under new ownership. retail level, the U.S. farmer would have 

5 Revamp-Retrofit. absorbed an added cost in transporting 
‘Plant idle. vest ide anhydrous ammonia to the farmgate. 
Large 530, ton per year plant idle for over 2 years; status indefinite. : ° ° 

8 Wycon Chemical Co. assumed parent company’s name, midyear. Ammonia IS transported by rail, 

* Expansion; 35,000 tons per year. truck, refrigerated bar ge, and pipeline. 
10 Former N-Ren Corp. plants acquired by Great American Management and Investment, August 1987. Koch Industries was operating the Gulf 

'! Plant closed midyear. . 4s . . 
nn | - . | Central Pipeline it purchased in 1988. 

Source: Economics and Marketing Research Section, Tennessee Valley Authority. World Fertilizer Capacity, Ammonia. Muscle Shoals, AL, il . li d f 
Dec. 1989. The 1,900-mile pipeline extends from 

TABLE 5 

CONSUMPTION TRENDS FOR MAJOR NITROGEN COMPOUNDS PRODUCED IN THE UNITED STATES’ 

(Thousand short tons of contained nitrogen) 

| 1985 1986 1987 1988 1989P 

Fertilizer materials: 

Urea: 

Solid 1,746 1,529 1,904 "2,028 1,930 

Solution 1,156 1,033 1,137 “1,201 1,208 

Total 2,902 2,562 3,041 "3,229 3,138 

Ammonium phosphates” 2,310 1,861 *2,296 *2,591 2,721 

Ammonium nitrate: 

Solid 850 623 626 "776 782 

Solution 1,198 963 "1,012 “1,193 1,265 

Other? 7 43 *53 "10 104 

Total 2,055 1,629 ™1,691 ™1,979 2,151 

Ammonium sulfate: 

Synthetic and byproduct 440 437 460 *490 494 

| Coke oven byproduct * 52 47 51 59 60 

Total 492 484 511 549 554 

Total fertilizer 7,759 6,536 *7,539 8,348 8,564 

Nonfertilizer materials: 

Urea: | 

Feed 131 107 142 "171 98 

Industrial 175 212 237 *241 331 

Total 306 319 379 "412 429 

Ammonium nitrate? 447 503 600 "647 637 

Nitric acid 448 431 460 "463 387 

Acrylonitrile 310 305 337 340 344 

Caprolactam 68 53 72 78 81 

Total nonfertilizer 1,579 1,611 1,848 1,940 1,878 

Grand total* 9,339 8,147 ™9,386 "10,287 10,441 

“Estimated. Preliminary. ‘ Revised. 
‘Ranked in relative order of importance. 
Solid and solution. 
3 Unaccounted distribution. ; 
‘Data may not add to totals shown because of independent rounding. 

Source: Current Industrial Reports, MA28B and M28B, Bureau of the Census, and International Trade Commission. 
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: TABLE 6 Seminole Fertilizer Corp. and the Roy- | signed to standardize product codes for 
U.S. NITROGEN FERTILIZER ser Co. operate a joint-venture ammo- | items traded in international com- 

CONSUMPTION, BY | nia pipeline that serves ammonium | merce. Fertilizer and industrial grades 
PRODUCT TYPE! phosphate producers in Florida. IMC | of anhydrous ammonia and ammo- 

Fertilizer Group Inc. operates a second | nium nitrate could no longer be distin- 
(Thousand short tons nitrogen) ammonia pipeline in Florida for the | guished because they were each re- 

| | same purpose. ported under one code (fertilizer). 
Fertilizer material? 1988" 1989 | Several other nitrogen classifications 

Single-nutrient: | SCs formerly grouped under one code were 

"Anhydrous ammonia. 3,772. ~«~=«3,800 | PRICES subdivided. 
~ Aquaammonia 95 100 | Total suppression of anhydrous am- 
“Ura S~—~«*S;SS 2G 1,555 monia export and import tonnage data 

Ammonium nitrate 600 649 Prices for nitrogen products in all | was effected by the Bureau of the Cen- 
Ammonium sulfate 158 173 forms were firm during the first quarter | sus on January 1, 1989, following the 
ee of 1989. Ammonia prices declined sig- | review of a complaint filed by a domes- 

__Nitrogen solutions” 2,167 2,051 | nificantly during the second quarter | tic fertilizer producer. The producer 
Other C384 142 | and approached cash costs by mid- | believed that U.S.S.R. ammonia im- 

Total 8,355 8,470 | May. Urea prices followed a similar | port price information that could be 
Multiple-nutrient: 4 2,157 2,163 | trend. Ammonia and urea prices began | calculated from trade statistics was pro- 

Grand Total 10,512 10,633 | to improve moderately during the | prietary and should be withheld from 

P Preliminary. "Revised fourth quarter. the public domain. Value data by coun- 
ppertlizes years ending Tune 30. sy product t Ammonium nitrate was in tight sup- | try continued to be reported. The U.S. | | 
5 Principally urea-ammonium nitrate (UAN) solutions. ply for much of the year, and prices | Fertilizer Institute, the Canadian Fertil- 
*Various combinations of nitrogen (N), phosphate (P), and | were firm through August, after which | izer Institute, industry sources, and the 

potassium (K): N-P-K, N-P and N-K. there was a gradual downturn. DAP | Bureau of Mines worked cooperatively 
Se ana mics and Marketing Research Section, Tennessee | prices remained firm through early | with the Bureau of the Census to de- 
alley Authority. Commercial Fertilizers, Dec. 1989. . . . . 

April, but trended downwards for the | velop a base for judging ammonia 
remainder of the year. trade. Tables 9 and 10 were developed 

as a result of that effort. Late in the TABLE 7 
oss, the Bureau of the Census an- 

U.S. PRODUCER STOCKS OF FOREIGN TRADE nounced that anhydrous ammonia ex- 
FIXED NITROGEN COMPOUNDS | —-_—___——|| port and import tonnage data would 

AT YEAREND! again be made available to the public in 
(Thousand short tons nitrogen) The U.S. Department of Commerce, | 1990. U.S.S.R. ammonia import ton- 

Bureau of the Census, adopted the new | nage data, however, continued to be 
TT international Harmonized Commodity | suppressed. 

____Matertal” 19881989? Description and Coding System (Har- The United States experienced a 
Ammonia «21020 936 | monized System), effective January 1, | record ammonia trade deficit of 3.4 
Nitrogen solutions? 401 442 | 1989. The Harmonized System was de- | million tons during 1989. Ammonia 
Urea 170 171 

Ammonium phosphates * 124 138 

Ammonium nitrate 33 64 TABLE 8 

Ammonium sulfate _ 49 __ 33 PRICE QUOTATIONS FOR MAJOR NITROGEN COMPOUNDS 
Total 1,797 1,804 AT YEAREND 

P Preliminary. 

' Calendar year ending Dec. 31. (P er short ton product) 

? Ranked in relative order of importance. 

3 Urea-ammonium nitrate and ammoniacal solutions. a aaa acacia casa, 
*Diammonium, monoammonium, and other ammonium phos- Compound 1988 1989 

phates. Ammonium nitrate: F.o.b. Corn Belt $128-$135 $105-$115 
Source: Current Industrial Reports, M28B, Bureau of the Census. Ammonium sulfate: Do. 95- 105 100- 120 

Anhydrous ammonia: 

the gulf coast into the Midwest, as far Fob Corn Be 
north as Iowa. About 3 million tons of Fob. guifcoast, NGC 
ammonia can be transported and Diammonium phosphate: F.o.b. central Florida 165-173 S126 

stored along its length annually. Mid- | Ure@ 
America Pipeline Co. (Mapco) was Op- Fo.b. Corn Belt, prilled 150- 155 110- 120 

erating a 1,000-mile pipeline that ex- Fo.b. gulf coast, granular! 153- 155 115- 117 

tended from Oklahoma to Minnesota. F.0.b. gulf coast, prilled! 139- 145 98- 105 

The Mapco system transports about 1 | 'Barge, New Orleans. 
million tons of ammonia annually. Source: Green Markets, Fertilizer Market Intelligence Weekly, Dec. 26, 1988, and Dec. 25, 1989. 
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TABLE 9 vented a significant increase in the total | 25%; and Latin America and the Mid- 
U.S. EXPORTS OF ANHYDROUS N deficit position. India negotiated dle East, about 10%. Approximately 

AMMONIA, BY COUNTRY record tonnages of U.S. DAP in re- | 88% of world ammonia disappearance 
sponse to its phosphoric acid price | was for nitrogen fertilizers, and about 

(Thousand short tons ammonia)’ standoff with Morocco. China also im- | 12% was for industrial products. About 
| | ported record tonnages of U.S. DAP. 40% of world ammonia production was 

Country 1988 1989 Urea antidumping actions imposed in | converted to urea, and another 10% was 
Korea, Republic of 343 171. | 1987 against the German Democratic | traded. International trade of synthetic 
South Africa, Republic of 101 160 | Republic (GDR), Romania, and the | nitrogen materials in all forms accounted 
Belgium 94 29 | U.S.S.R. protected U.S. producers from | for about 30% of total world ammonia 
Denmark 53 | unfair trade practices. The GDR was the | demand. 

Fiance >) | Only country in this group reported: to The ammonia industry operated at 
Norway ___| land urea in 1989. According to Bureau 83% of design capacity in 1989, one 
St  — of the Census data, the GDR shipped | percentage point below the prior. year, 
Japam 23 | 11,434 tons of urea to the Baltimore, | and indicative of a relatively soft market. 
Morocco —(ts«é — | MD, Customs District. Ammonia production increased 1.5 mil- 
Tunisia t—“‘“‘éOOO — lion tons (1%) between 1988 and 1989, 
Brazil 21 — Ff SF: modest in comparison with the 9.1 mil- 
Other? 8  — 35 | WORLD REVIEW lion ton, 4% average annual growth ex- 

Total 781 463. | | perienced between 1986 and 1988. Major 
P Preliminary. growth in supply capability has occurred 
, value data Suppressed by Bureau or une Census. a Com Global ammonia production ex- | in the centrally planned economies and 
Rica, Trinidad, Canada, Spain, Taiwan, and Mauritius. | C€@ded 133 million tons in 1989, estab- | in other energy-rich, Government-con- 
Source: Bureau of the Census (1988); Bureau of the Census and | UShing a new record. Production facil- | trolled countries during the past decade, 
The Fertilizer Institute (1989). ities in 71 countries provided the vast | whereas negative growth was experienced 

quantities of ammonia required to sup- | in the developed economies of North 
ply Earth’s 5 billion inhabitants with | America, Western Europe, and Japan. 

exports declined by 40% and dipped to | food and fiber and industrial products. Population explosion and feedstock 
0.46 million tons, whereas ammonia | Asia and Eastern Europe commanded | availability have been major factors for 
imports reached a record 3.84 million | 62% of the global ammonia market; | capacity development and demand in 
tons. A major disruption in world am- | North America and Western Europe, | the developing nations. China and In- 
monia trade patterns was precipitated | 
in 1989 when India rejected an increase | 
in Moroccan phosphoric acid prices TABLE 10 : 
and declined to take the product used U.S. IMPORTS OF ANHYDROUS AMMONIA, BY COUNTRY 
to produce domestic supplies of ammo- (Thousand short tons ammonia)! 
nium phosphates. Ammonia shipments 
from the Persian Gulf that would have | eee 
normally been landed in India were 1988 1989° P 
diverted to the United States and other Country Gross Value? Gross! Value? 
countries. About 240,000 tons of am- weight (thousands) weight (thousands) 

monia was shipped from the Persian | Canada 1,571 $140,131 31,428 3 4$136,308 

Gulf to the United States, a 330% | Trinidad and Tobago 618 66,599 795-980 92,270 
increase over that of 1988. Kuwait and | US.S.R. 943 91,150 886-898 84,028 
Bahrain, countries that were believed to | Mexico 346 34,512 253-268 22,830 
have never landed ammonia in the | Venesuelat—C<CS 34 3,577 31-57 3,578 
United States, accounted for more than Kuwait... _ _ 99-133 14,644 

160,000 tons of the total. Ammonia | coogi Arabia 56 5,322 61-75 7,166 
imports from Trinidad also increased | ——————____ 

. : Bahrain — — 32 4,230 substantially. Many industry analysts oe 6 
believed that domestic ammonia over- | Othe! __13,956 __ 26-69 __22,498 
supply and deteriorating prices were | Total. 8689355247 73,714-*3,837 387,552 
exacerbated by the suppression of U.S. | (Estimated. Preliminary. . 

. . Tonnage data suppressed by Bureau of Census effective Jan. 1, 1989; alternate sources as described. 

ammonia tr ade data In. 1989. 2 Bureau of Census c.i-f. data, excluding Canadian value for 1989 (see footnote 3). Grand totals as reported by Bureau of Census. 

Overall, the U.S. total nitrogen trade | Canadian tonnage and value data for 1989 as published by Statistics Canada, courtesy Canadian Fertilizer Institute. Value of Canadian 

cone in 30h rote ore a ‘Canadian anmonia impor ie 089 valued at $151,706,746 c.i.f., by Bureau of Census. 

Fif ntries. 

198: 8. The total " itro gen trade deficit ‘Determined by difference; includes discrepancy between Canadian import value as reported by Bureau of Census (c.i.f.) and Statistics 

peaked at 2.2 million tons in 1986. "gum of data renorted by he Fertilizer Institute. 

Record U.S. export shipments Of DAP | ®sum of data reported by Bureau of Mines. 

during 1989 were fortuitous and PFe- | Sources: Bureau of the Census, 1988. Bureau of the Census, The Fertilizer Institute, Bureau of Mines, and Statistics Canada: 1989. 
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dia compose 40% of world population ~ TABLE 11 

and are notable examples. Indonesia U.S. EXPORTS AND IMPORTS OF MAJOR NITROGEN 
provided significant quantities of nitro- COMPOUNDS IN 1989 | 
gen fertilizers for domestic use and 
export. The U.S.S.R. and other Eastern | (Thousand short tons) 
European countries produced ammo- eo 
nia for domestic use and generated Compound Gross Nitrogen Value * : 
strategic supplies of hard currency in| Ss CCC—C—C“C~C“CSCSC—CSC—CSCSSS St content___(thousands) 
the export market. | EXPORTS 

Significant growth in ammonia sup- | Fertilizer materials: 
ply capability has developed in the Per- Ammonium nitrate? 145 49 NA 
sian Gulf countries where abundant Ammonium sulfate” 853 179 NA 
reserves of natural gas feedstock are Anhydrousammoniaotst—“‘“‘é‘éOSOSOSOC*;*;*;*;*;*;*‘éSS 381 NA 
available. Natural gas was once consid- | “Diammonium phosphate ~~ 9,141 1,645 NA 

ered an insignificant byproduct of pe- | “\ionoammonium phosphate ~—~—«892 98 NA 
troleum production in the Persian Gulf. | ————————— ———  ) TW 

Nitrogen solutions 283 85 NA 
and was commonly flared. Today, nat- | ——2—#—____LlLl—"_-—- ; 
ural gas is used to produce value-added | —SOdtum nitrate 2 ©) NA 
ammonia and petrochemical products Urea 378 NA 
and liquefied natural gas (LNG) that | _Mixed chemical fertilizers* 827 51 NA 

| generate foreign exchange. Iran and Iraq Other ammonium phosphates” 23 4 NA 

were poised to capture an increasing Other nitrogenous fertilizers ® 183 7 NA 

share of the ammonia market following Total 13,569 3,077 NA 

the signing of a peace accord in 1988. Industrial chemicals: ~~ — a 
Ammonia plants in Trinidad and To- | Ammonia, aqua(ammoniacontent) 29 24 $1,827 

bago were strategically positioned to | “Ammoniumcompounds’ 2 1 3,628 
land ammonia in North America and Ammonium phosphate(ortho)—s=<Cts=‘—s*S*~*S | 1 ?) 1,197 
Western Europe. Canada shipped ma- —Poussumevanide © 3 °) > 673 
jor quantities of ammonia and finished __totasstum Cyaniee ° 
fertilizers to the United States, while | _Sodmmecvanmide 62 ® 71,424 
Mexico shipped surplus ammonia to _ Other cyanides and cyanates 9 1 C) 3,395 
the United States. Hydrazine, hydroxylamine, and related inorganic salts 14 7 24,299 

Bismuth-silver nitrates (?) ) 8,918 

| Capacity | Potassium nitrate 11 2 4,223 

The data in table 12 are rated capac- Other nitrates 31 6 7,812 

ity for ammonia plants as of December Nitric-sulfonitric acids 7 36 5 19,150 
31, 1989. Rated capacity is defined as | Witrites 2 | 2 (3) 2,266 
the maximum quantity of product that | "_jyoal®ss—=“‘<;72R!*~<~C~C~CS~Cté‘i=iCOt*é‘iéi‘iti‘iéOO O2d”*~*«A:*S*«*dSOYS*AZC 
can be produced ina period of time on ——"Gandtwl® 3,760 141 —NA 
a normally sustainable long-term oper- vv oRTIS =— SS 
ating rate, based on the physical equip- | ——2 AO 
ment of the plant, and given acceptable | Fertilizer materials: | 
routine operating procedures involving _Ammoniumnitrate* 453 152 $48,396 
labor, energy, materials, and mainte- Ammonium nitrate-limestone mixtures 12 3 1,155_ 

nance. Capacity includes both opera- Ammonium sulfate* 336 71 27,827 
ting plants and plants temporarily Anhydrous ammonia? 3,837 3,154 387,552 

closed that, in the judgment of the Calcium nitrate £98 15 11,637 

author, can be brought into production Diammonium phosphate 16 3 3,903 

within a short period of time with Monoammonium phosphate 33 4 10,524 

minimum capital expenditure. Nitrogen solutions 656 197 60,112 
World anhydrous ammonia capacity | “pomssiumnitrate 41 5 10,953 

stood at 160 million tons by yearend. | ——___.__—_ _ —a— —a OT 5.453 
Approximately 2 million tons of new Potassium nitrate-sodium nitrate mixtures 44 7 , 

capacity came on-stream in 1989, and | _Sodtumumitrate 165 26 20,009 
about 1 million tons of obsolete capac- | _Ure@_ 2,174 1,000 262,407 
ity was permanently closed. Another 5 Mixed chemical fertilizers * 214 26 28,523 

million tons of ammonia capacity was | _ Other ammonium phosphates” 57 9 9,529 
scheduled to come on-stream during Other nitrogenous fertilizers® 190 32 32,807 

1990 and 1991. The major feedstock Total® 8,325 4,702 920,785 

sources for ammonia production were | see footnotes at end of table. 
natural gas, naphtha, fuel oil, and re- 
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TABLE 11—Continued TABLE 12 | 

U.S. EXPORTS AND IMPORTS OF MAJOR NITROGEN WORLD ANHYDROUS AMMONIA 
COMPOUNDS IN 1989 ANNUAL PRODUCTION 

| CAPACITY, DECEMBER 31, 1989 (Thousand short tons) 

(Thousand short tons per year of ammonia) 
Compound Gross Nitrogen Value! 

weight content (thousands) ~ Rated 
IMPORTS—Continued capacity! 

Industrial chemicals: | North America: 
Ammonia, aqua (ammonia content) ©62 ©51 4,939 Canada ~ 4,700 
Ammonium compounds’ 14 3 23,800 United States 17,606 
Calcium cyanamide 1 ) 431 Total *22,310 
Potassium cyanide 2 a) 3,830 | Latin America: 
Sodium cyanide 29 8 46,736 Argentina 90 
Other cyanides and cyanates 10 3 11,735 | Brazil 1,380 
Hydrazine, hydroxylamine, and related salts 4 2 6,221 _Colombia 170 
Bismuth/silver nitrates () (?) 4,750 Cuba 440 
Strontium/other nitrates 2 a) 1,645 Mexico 3,290 
Nitric/sulfonitric acids 11 2 2,045 Peru 180 
Sodium-other nitrites 4 1 2,259 Trinidad and Tobago | 1,950 
Total 8 138 71 108,392 Venezuela 900 
Grand total® 8,464 4,773 — “1,029,177 Total 8,400 

“Estimated. NA Not available Europe, Western: 

Includes industrial chemical product Austria 50 _ Less than 1/2 unit. | Belgium 530 
sods 3105-51,0000, 3165.39.00 (eports sade; 3105 40.0050 import Finland 90 ® Codes 3101.00.0000, 3102.29.0000, 3102.60.0000, 3102.90.0000 (exports and imports); 3105.90.0050 (imports). France 2,470 , Carbonates, chloride, fluorides, and tungstate (exports and imports); bromide, molybdate, orthophosphate, and perrhenate (imports). ~ Germany, Federal Republic of _ 2,8 80 Data may not add to totals shown because of independent rounding. 

—___-- wooss5S3).7. 9 Anhydrous ammonia tonnage data as reported by Bureau of Mines; value data, Bureau of Census. Includes industrial ammonia. Greece 470 
Source: Bureau of the Census. Effective Jan. 1, 1989, U.S. exports and imports were reported under the new international Harmonized Icland —Ot=CSstSsStS 10 Commodity Description and Coding System (Harmonized System). “Trland SOtCStStStS 510 

| Italy 2,100 

Netherlands 4,250 finery off gases and condensates. Other | urea plants at Palembang. In India, Norway 610 sources included coal gasification, coke | Nagarjuna Fert. was to open 330,000 a 450 | oven gases, and electrolysis. tons at Kakinada in early 1991. In “Span OtOtCS 960 In Canada, ammonia plants totaling | Bangladesh, Jamuna Fert. Co. was to Switzerland 60 530,000 annual tons were closed by | start up 390,000 tons at Jamalpur in ~“‘UnitedKinedon 2 230 Glacier Ammonia Ltd. at Pincher | late 1991. In the Republic of Korea, | —-**mscom 2,230 Creek, Alberta, and by C-I-L Inc. at Yong Nam closed 120,000 tons at Ul]- | Tol 18,190 Courtright, Ontario. Cyanamid Can- | san in 1989. Europe, Eastern: 
ada Inc. planned to close its 220,000- Iran was to commence operation of | _ Albania 100 ton-per-year plant at Welland, Ontario, | two revamped 360,000-ton-per-year Bulgaria 1,830 in 1990. Cargill Limited of the United plants at Bandar Khomeni in 1989 and Czechoslovakia 1,110 
States and the Province of Saskatch- | 1990. Iraq was to bring a 360,000-ton German Democratic Republic 2,070 ewan let bids for a $400 million ammo- plant into operation at Baiji. In Turkey, Hungary | 1,090 nia and urea plant at Belle Plaine, | a 360,000-ton plant was to be brought | poland St=<CSststCS 3,020 Saskatchewan. on-stream by Tugas at Gemlik in late "Rumania. 5,120 China brought 360,000 annual tons | 1990. Libya was to restart its damaged “USSR. 33.790 on-stream at Puyang, Hunan, and | 440,000-ton plant at Marsa-El-Brega in | ——W_______ 
added 130,000 tons in small plants at | early 1991. —Sugoslavia 1,630. various locations. China planned to | The U.S.S.R. plan to bring 520,000 Total 49,760, start up 320,000 tons of small plant | annual tons on-stream at Rovno, | Aftica: 
capacity in 1990-91 and 360,000 tons at | Ukraine, in 1990. Several debottleneck- Algeria 1,130 Heijiang, Sichuan, in 1991. In Indone- | ing projects were under way that would Egypt 1,150 sia, Kaltim started up 360,000 tons at | result in the addition of another Libya 380 : Bontang and PURSI let contracts for | 390,000 tons of capacity during 1991. | see footnotes at end of table. 
500,000-ton ammonia and 650,000-ton In Egypt, SEMADCO was to bring | 

NITROGEN MINERALS YEARBOOK— 1989 
749



a 

TABLE 12—Continued 150,000 tons per year into production at | Ammonia (LCA) process developed by 

WORLD ANHYDROUS AMMONIA | SU¢z in 1990. A 360,000-ton plant was | Imperial Chemical Industries (ICI) of 

ANNUAL PRODUCTION due on-stream at Abu Qir in early 1991. | the United Kingdom. The LCA process 

CAPACITY, DECEMBER 31, 1989 Kemira opened a new 280,000-ton- | has been hailed as the most significant 

"| per-year plant at Hull, United King- breakthrough in small-scale ammonia 

| (Thousand short tons per year of ammonia) dom in mid-1989 and ICI closed | plant technology in the past quarter 

560,000 tons of annual capacity at Bill- | century. The total energy requirement 

| Rated ingham and Severnside. for a 500-ton-per-day plant was demon- 

capacity ' FERTRIN planned to debottleneck | strated to be 25.2 million Btu per ton. 

Africa—Continued - its plant at Point Lisas, Trinidad, ad- | The LCA process separates the ammo- 

Nigeria 380 | ding 140,000 tons per year of capacity nia manufacturing operations from the 

South Africa, Republic of — g30 | by 1992. In Chile, a joint-venture utilities section of the plant, resulting 

Zambia 60 | project between Kap Resources Ltd. | in a low-cost, flexible design.* 

| Zimbabwe tstst—<CSsSs 49 | and Atacama Resources Ltd, of Van- Deshen International Inc. of New- 

a 400 | couver, Canada, was formed to exploit | ton, MA, was developing novel tech- 

Ada: ———= | nitrate deposits in the Atacama Desert. nology based on the Birkeland and 

— North Lily Mining Co. of San Bruno, | Eyde electric arc nitrogen fixation proc- 

- Afghanistan 80 . . _ . 

a CA, was to operate the project. Davy | ess fostered in Norway at the turn of 

_Bangladesh 1,100 | McKee determined that the Yolanda | the century. Mr. Mosche Alamaro, 

_Burma 280 | deposit contained in excess of 20 mil- | Deshen President and Principal Scien- 

China | 25,660 | lion tons of “caliche” grading 11.8% | tist, gave a number of seminars on the 

India | 11,630 | sodium nitrate. Additional reserves | subject during 1989. An electric arc in | 

Indonesia 3,840 | were expected to be discovered on the | air causes ionization of the nitrogen 

Japan 2,320 | property. Sodium nitrate and sodium and oxygen. These charged particles 

Korea, North 1,200 | nitrate-potash chemicals were to be | are accelerated by the electric and mag- 

Korea, Republic of =” 1,060 produced. netic fields, resulting in heating of the 

“Malasiasst—<“itsts~S 380 air. When the temperature of the air 

Pakistan COCOOOSOCOCSCSCS~S 00 |§ <—<—$—_—_—_—_——_—_-_— rises to 3500 degrees Kelvin, it be- 

— CURRENT RESEARCH comes, according to chemical equilib- 

Taiwan 340 . . . . 

| oo ___—____—_—_. oO — } rium, a mixture including about 5.25% 

_Viemam nitric oxide (NO). Rapid cooling results 

_ Total 49,040 The M. W. Kellogg Co. of Houston, | in a solution of nitric acid. 

Middle East: TX, placed the first large-scale, centrif- Mr. Alamaro proposed building port- 

Abu Dhabi 380 | ugal compressor ammonia plant inserv- | able electric arc plants for use in areas 

Bahrain 450 | ice in July 1965. The early plants cut | where low-cost electricity could be ob- 

Iran 870 | ammonia production costs in half and | tained during off peak periods. Deshen 

Iraq 310 | began to replace the smaller and less reported the potential for the produc- 

‘Ieael ti (‘(C!t;*;*~*~™ 99 | efficient reciprocal compressor plants. | tion of nitrogenous fertilizers in several 

Kuwait. Stst~CST 1,120 Since that time, the Kellogg large- | forms using an ammonia-free electric 

TS capacity, single-train ammonia plant | arc process. Mr. Alamaro pointed out 
Qatar 670 . . . 

SaudiAmbiaS 1.170 design has been used in plants respon- that in some respects the process was 

So ° sible for about one-half of the world’s | still in its infancy, allowing for techno- 

Syma 380 | new fertilizer ammonia output.” logical breakthroughs in the 1990’s that 

Turkey 8D Kellogg has recently introduced a | could lead to a competitive advantage 

Total 6,760 | new Reduced Energy Ammonia Proc- | for the U.S. industry.” 

Oceania: ess that is expected to have a similar 

Australia | 730 | revolutionary impact on the nitrogen 

New Zealand 100 | fertilizer industry worldwide. The total | OUTLOOK 

Total $30. | energy requirement is less than 25 mile | 

Total world St<s~S*sé‘s=‘~S~*~*:*~*~*~*:*«SSS, B90. |- HON British thermal units (Btu) per ton 

TJncludes capacity at operating plants as wellas plantsonstandby | OF ammonia and represents a 25% im- World ammonia supplies are ex- 

basis. Rated capacity based on 340-day-per-year effective opera. | PYOvement over feed-plus-fuel values | pected to be more than adequate to 

Doe so not add to total shown because of independ x found in conventional plants. Because | meet global nitrogen demand during 

wn because of independent rounding. | the foed value is fixed at 18 million Btu | the period 1990-95. Ammonia demand 
Sources: Branch of Industrial Minerals, Bureau of Mines, and . . . : 

International Fertilizer Industry Association (IFA). per short ton, a 50% savings in the fuel | in the past has tracked population 

requirement is realized. Kellogg to date growth, and this trend is expected to 

has built Reduced Energy Ammonia | continue. The forecast was developed 

Process plants in Canada, Belgium, | by taking into account supply and de- 

and the Netherlands. mand projections of the Food and Ag- 

Kinetics Technology International | riculture Organization of the United 

(KTI), Monrovia, CA, has licensed the | Nations (FAO), the International Fer- 
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TABLE 13 

AMMONIA: WORLD PRODUCTION, BY COUNTRY! 

(Thousand short tons of contained nitrogen) 

Country 1985 1986 1987 1988P | 1989° 
Afghanistan ° 50 44 44 44 44 
Albania * : 88 88 88 88 88 
Algeria ©165 ©165 192 217 2145 
Argentina 72 69 79 86 282 
Australia 446 375 456 425 440 

Austria ° 550 495 495 495 490 
Bahrain 121 318 304 340 340 

Bangladesh | 395 430 480 742 830 
Belgium 428 337 296 402 2320 
Brazil 1,042 972 1,049 1,031 21,079 
Bulgaria 1,254 1,203 1,180 *°1,160 1,160 
Burma 139 147 130 "£140 130 
Canada 3,280 3,208 3,182 3,636 *3,673 
China * 16,500 “17,100 16,000 *17,900 18,700 
Colombia 110 103 98 93 2101 
Cuba 180 180 164 149 165 
Czechoslovakia 895 838 855 “850 848 

. Egypt 754 789 869 *830 830 
Finland 72 ™74 55 47 55 
France 2,217 2,229 2,237 *€2,020 1,630 
German Democratic Republic 1,329 1,315 1,296 1,274 1,270 

Germany, Federal Republic of 2,103 1,731 2,129 1,929 1,650 
Greece 268 266 280 290 250 

Hungary 871 840 867 761 830 
Iceland 8 9 10 10 9 
India? 4,707 5,438 5,842 “6,840 7,400 
Indonesia 2,268 2,534 2,606 2,609 22,785 
Iran 30 73 131 160 2370 
Iraq * 66 66 66 345 2522 
Ireland "373 391 440 460 440 
Israel 63 63 68 63 66 
Italy "1,339 "1,712 1,582 1,720 21,594 
Japan 1,814 1,662 1,715 1,680 1,700 
Korea, North‘ 500 500 500 500 500 

Korea, Republic of 487 470 523 558 7529 
Kuwait 356 _ 497 637 530 2733 
Libya 453 388 386 © 300 2230 
Malaysia 59 276 354 331 2307 
Mexico 2,049 1,766 1,922 2,279 2,310 
Netherlands 2,773 2,968 3,117 3,258 23,308 
New Zealnad 80 80 “80 “80 83 

Nigeria — — 142 342 350 
Norway 505 330 383 467 2421 
Pakistan 1,220 "1,273 1,300 1,325 1,320 
Peru‘ 94 110 88 105 100 

Philippines “19 — — — — 

Poland 1,997 2,341 2,400 © 2,425 2,425 
Portugal 170 130 171 210 190 
See footnotes at end of table. 

| 
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TABLE 13—Continued 

AMMONIA: WORLD PRODUCTION, BY COUNTRY’ | 

. (Thousand short tons of contained nitrogen) 

a 
Country | 1985 1986 1987 1988? 1989° 

Qatar 578 600 618 657 | 660 

Romania 3,175 3,352 3,073 r€3,090 2,870 

Saudi Arabia 481 514 702 956 965 

Somalia * *29 "17 8 : — — 

South Africa, Republic of © "640 640 600 520 2502 

Spain 664 512 495 525 2608 

Sri Lanka 6 — — <— — 

Sweden 20 51 37 — — 

Switzerland * 34 33 43 39 39 

Syria 146 151 102 87 2135 

Taiwan 228 292 268 307 225 

Tanzania‘ (*) (*) (*) (*) — 

Trinidad and Tobago *1,190 1,258 1,243 1,528 1,700 

Turkey : 239 218 365 311 330 

U.S.S.R. 20,172 21,605 22,050 7 ¢22,160 22,160 

United Arab Emirates 311 r321 333 330 2357 

United Kingdom 1,948 1,530 1,560 1,218 21,143 

United States > 14,236 11,909 *13,232 *13,827 2 13,830 

Venezuela ° 452 530 580 2481 2586 

Vietnam * 40 40 40 40 40 

Yugoslavia 844 897 1,033 946 750 

Zambia 19 27 37 18 22 | - 

Zimbabwe 76 54 59 71 268 

Total * 100,287 "100,944 103,879 108,448 109,720 

©Estimated. Preliminary. ‘ Revised. 

1 Table includes data available through May 30, 1990. 

2 Reported figure. 

3 Data are for years beginning Apr. 1 of that stated. 

4 Revised to zero. 

> Synthetic anhydrous ammonia; excludes coke oven byproduct ammonia. 

tilizer Industry Association Limited | with the expected growth in demand. balance between planted and idled 

(IFA), and Wharton Econometric Fore- New ammonia capacity will come | acreage. Planted acreage was expected 

casting Associates (WEFA). Steady- | on-stream predominately in Asia, East- | to approximate 332 million acres in 

state conditions were assumed for | ern Europe (U.S.S.R.), and the Middle | 1990 and 1991, and was projected to 

weather and macroeconomic trends, | East, in order of importance. The | range between 330 to 340 million acres 

demographics, and geopolitics. brunt of growth in world demand will | in the future. Domestic demand in the 

During thé period 1985-90, the | be concentrated in Asia and Eastern industrial sector should continue to 

growth in demand slightly exceeded the | Europe (U.S.S.R.), followed by se- | grow at an average annual rate of 2%- 

growth in supply capability. Demand av- | lected countries in the Middle East, | 3% between 1990-95. 

eraged 2.1% per year, while supply capa- | Africa, and Latin America. Western A continued resurgence in the U.S. 

bility averaged 1.5% per year. Popula- | Europe may experience a. moderate de- | nitrogen sector will be critically depen- 

tion growth averaged 2.0% per year. The | cline in demand. dent upon a number of strategic do- 

forecast period shows a reversal in the Domestic nitrogen fertilizer con- | mestic and international issues and 

historical trend with growth in supply | sumption in the United States was ex- | events that unfold during the 1990's. 

capability slightly outpacing the antici- | pected to reach 11.0 million tons N in | Farm legislation to be enacted in 1990 

| pated growth in demand. Supply capa- | 1990, a 4% increase. Industry analysts | will establish new domestic agricultural 

bility is forecast to grow at an average | were forecasting 11.2 million tons N | fundamentals for most of the decade. 

annual rate of 2.5% between 1990-95 | consumption for 1991, a 2% increase. | Natural gas deregulation mechanisms 

and demand at 1.9%. This trend is indic- | The U.S. farm economy has experi- | will determine the economics and avail- 

ative of a surplus supply situation during | enced dramatic recovery since 1985. | ability of feedstock for domestic am- 

the forecast period. Population growth is | Net cash farm income now stands at | monia production. Clean air and 

forecast to average 1.9% per year, in line | about $55 billion, and there is a good | ground water legislation will influence 
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TABLE 14 

WORLD ANHYDROUS AMMONIA SUPPLY-DEMAND RELATIONSHIPS! 

(Million short tons nitrogen) 

1985 1986 1987 1988 1989¢°P 19907 1991? 1992? 19932 1994? 1995 
Capacity? 122.9 125.8 126.4 129.9 131.4 132.3 135.0 137.9 141.5 142.6 144.9 
Demand: 4 | 

Fertilizer 88.7 89.7 92.4 96.8 98.0 98.9 100.9 102.9 104.8 106.7 108.4 
Industrial 11.6 11.2 11.5 _11.6 11.7 11.8 19 12.1 _12.3 _12.5 _12.6 
Total ~=«100.3.—Ss«100.9-—Ss«103.9~S—s«*0824 109.7 110.7 112.8 115.0 117.1 119.2 121.0 
Operating rate* 82% 80% 82% 83% 83% 84% 84% 83% 83% 84% 84% 
Consumption: 

Pounds per capita® 41.8 41.2 41.6 42.5 42.2 41.8 41.8 41.8 41.8 41.8 41.7 
Population: | 

Billion’ 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 
*Estimated. ° Preliminary. 

' Calendar years. 

2 Forecast 

3 Design capacity, 340 days-per-year effective operation. 
4 Ammonia consumed in the production of fertilizer and industrial products, including process losses. 
> Total demand as a percentage of design capacity. 

© Ammonia demand expressed in pounds per person. 

7 Statistical Abstract of the United States 1989; Bureau of the Census. 

Source: Division of Mineral Commodities, Branch of Industrial Minerals, Bureau of Mines. , 

domestic production economics and ag- | The Haber-Bosch process revolutionized | then compressed and mixed with syn- 
ricultural practices. The impact of con- | the concept of synthetic fixed nitrogen | thesis loop recycle gas. The combined 
solidation in the European Community | manufacture and fostered the technology | flow after additional compression is 
in 1992 and the profound restructuring in | responsible for today’s economic pro- | delivered to the synthesis loop where it 
the Eastern European countries present | duction of ammonia on a large-scale | is converted to ammonia in a horizon- 
both problems and opportunities. Ca- | basis. tal catalytic reactor. Nominal operation 
pacity development in the energy-rich, The basic process for producing am- | pressures are 2000 psig and 3000 psig. 
Government-controlled sectors will af- | monia involves the catalytic reaction of | Mechanical refrigeration, using ammo- 
fect supply-demand fundamentals. a hydrocarbon, usually natural gas, | nia as refrigerant, is used to condense 

with steam and air to produce hydrogen | the product ammonia. 
and nitrogen in the proper ratio to 

CS seeeffect. ammonia (NH) synthesis. Economic Factors 
BACKGROUND Natural gas is desulfurized and reacted The data of table 15 provide historical 

«| Catalytically with steam and then air at | trends in ammonia prices f.o.b. plant, 
about 500 psig to produce raw synthesis | natural gas feedstock prices at the well- 

Nitrogen is mined from the atmos- | gas in a primary and secondary reform- | head, and their mathematical relation- 
phere through cryogenic air separation | ing operation. Air is introduced into the ship. Ammonia production costs are 
and membrane technologies. The glo- | secondary reformer in an amount re- variably dependent upon natural gas 
bal industrial nitrogen gas sector is | quired for ammonia synthesis. feedstock prices which account for about 
significant, and in the United States Raw synthesis gas flows to a two- | 70% of the total. Ammonia market 
alone, an annual 26-million-ton, $0.7 | stage carbon monoxide (CO) shift con- | prices and indicative profitability are de- 
billion industry has developed. Indus- | verter for further production of hydro- | pendent upon natural gas prices, energy 
trial nitrogen gas and liquid nitrogen | gen. The combined use of high and low | efficiency, and market forces. 
find a variety of uses in the metals, | temperature shift catalysts permits resid- Ammonia prices experienced a gener- 
chemicals, electrical, aerospace, food, | ual CO to be converted to carbon dioxide ally upward trend between 1970 and the 
and cryogenic sectors. (CO,). The gas is then treated with a | early-1980’s. The cyclical trends in prices 

By the early 1900’s, global demand for | regenerative solution for CO, removal | are indicative of market conditions and 
food and fiber had begun to outstrip | using physical absorption techniques. | the degree of profitability, and natural 
nature’s available supply of fixed nitro- | Methanation is then effected to convert gas prices. Ammonia prices and profit 
gen. World population had doubled in | residual carbon oxides to methane. margins reached record proportions in 
less than a century and approached 2 Methane is removed, along with ar- | 1974-75 when ammonia was in extremely 
billion. Fortunately, a major technologi- | gon, from the air in a purge stream | short supply. A firm balance between 
cal breakthrough involving the direct | from the synthesis loop. Final purifica- | supply and demand during 1980-81 led 
synthesis of ammonia from air and hy- | tion includes the use of molecular sieve | to another surge in prices and profit- 
drocarbons materialized in Germany. | drying. The purified synthesis gas is | ability. Prices trended downwards for 
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67the remainder of the decade and : TABLE 15 

profit margins were generally weak in | — TIME-PRICE RELATIONSHIPS FOR U.S. AMMONIA 
spite of declining natural gas prices. — AND NATURAL GAS 

Energy efficiency in the U.S. ammonia 
industry has been significantly improved (Dollars per ton and dollars per million Btu) 

during the past 10 years through the So 

closure of obsolete plants and through | Ammonia Natural gas Ammonia-natural gas ratio 

revamps and retrofits of existing plants. | Year Actual Constant Actual Constant Actual Constant 

The decline in ammonia-natural gas value! 1989 dollars value? 1989 dollars value? 1989 dollars 

price ratios between 1970 and the early- | 1970 34.00 102.24 0.17 0.51 200 200 

1980’s demonstrated the sensitivity of | 1971 34.00 96.72 .18 51 189 190 

ammonia costs to rising natural gas | 1972 35.00 95.06 19 52 184 183 
prices. The ratio leveled in 1982 and has | 4973 43.00 109.72 22 56 195 196 

. . LOIS DO 
been relatively constant since. A return | 1974 93.00 217.52 30 70 311 311 

to favorable profit margins in the US. | iors 148.00 315.2294 386 88S 
ry Wl pe 1976 107.00 214.17 58 1.16 184 185 

upon an improvement in world nitrogen nO IN ADB 

supply-demand fundamentals. 1977 02.00 92 A 
1978 102.00 178.43 91 1.59 112 112 

ea os 1979 107.00 171.94 1.18 1.90 91 90 
Federal Register. Federal Energy Regulatory Com- | —————_-———____—______ eee er attC—CStQD 

mission (Dep. Energy). Order Implementing the Natural 1980 130.00 191 5 a 59 2.34 82 82 

Gas Wellhead Decontrol Act of 1989; Final Rule. V. 55, | 1981 146.00 196.17 1.98 2.66 74 74 

No. 80, Apr. 25, 1990, pp. 17425-17431. 1982 141.00 178.08 2.46 3.11 57 57 
— ——. International Trade Administration/Import | 7055. aaqgm | 7 

Administration (Dep. Commerce). Sodium Nitrate From 1983 139.00, 168.9759 8S SA 

Chile; Final Results of Changed Circumstances Admin- 1984 152.00 178.25 2.66 3.12 37 57 

istrative Review and Revocation of Antidumping Duty | 1985 140.00 159.44 2.51 2.86 56 . 56 

Order. V. 54, No. 67, Apr. 10, 1989, p. 14264. ———— lll ga 

3The M. W. Kellogg Co. The Reduced Energy Am- 1986 102.00, 113.200 194 NS 

monia Process, 1989. 1987 98.00 105.43 _ 1.67 1.80 59 | 59 

4Kinetics Technology International. Ammonia Tech- | 1988 105.00 109.33 1.69 1.76 62 62 

nology for the 1990's, 1989. 1989" — 100.00 100.00 1.71 1.71 58 58 
5 Alamaro, M. (Deshen International Inc.). Private PPh 

Communication, 1989-90; available upon request from 1 Value of shipments f£.0.b. plant, in dollars per ton 

Deshen International Inc., Box 128, Newton, MA | 2value at wellhead, in dollars per million Btu. | 

02159. | 3 Ratio of ammonia value to natural gas value. 

Sources: Bureau of the Census (ammonia prices); Department of Energy (natural gas prices); Council of Economic Advisors (1989 

OTHER SOURCES OF INFORM ATION implicit price deflators for gross national product). 

Chemical Business, Schnell Publishing 

Co., monthly. | | 

Doane Information Services, 

agricultural consultants, St. Louis, 

MO. | 

Finds, Stokes Engineering Company, | 

Weston, CT 06883, quarterly. | 

Green Markets, McGraw-Hill Inc., | 

Fertilizer Intelligence Weekly. 

Nitrogen, The British Sulphur Corp. | 

Ltd. (London). 

The Douglas Update, Douglas 

Associates, Florence, AL 35630, 

monthly. | | 
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| os By Raymond L. Cantrell | 

Mr. Cantrell is a physical scientist and has served as the peat commodity specialist since joining the Bureau in June 1988. His 
professional experience includes 23 years in the private sector. Ms. Maureen Nash, mineral data assistant, monitored the survey 
and prepared domestic survey data. Ms. Pamela Shorter, mineral data specialist, monitored the survey and collected preliminary 
survey forms. International data tables were prepared by Ms. Audrey Wilkes, international data assistant. Ms. Jane Willard 

prepared the peat manuscript for publication. | 

"y.S. peat demand peaked at | increased 5% between 1985 and 1989, | ers. Information compiled from the — 
1.5 million tons in 1987, fol- | and now command a record 41% share | Bureau’s voluntary canvass was used to | 

( | lowing a 4-year period of | of the market. Minnesota continued to | develop data tables for publication. Of | 
record growth. Demand im- | bring in new sphagnum operations at | the 111 domestic peat producers sur- 

proved by an average of 12% per year | profitable margins: sales were up $0.4 | veyed in 1989, 79 were reported to be 

during the period, eclipsing previous | million, 38%, in 1989. | active and 24 idle. Eight producers were | 
récords. Growth in domestic produc- Domestic demand for horticultural | reported to have closed permanently. — 
tion was also strong, increasing at an | peat should gradually regain momen- | Estimates were made taking into con- | 
average annual rate of 9%. tum during the 1990’s. New trends are | sideration historic information and — 

Domestic peat supply-demand fun- | developing in the areas of peat use for | macroeconomic trends, for active pro- 
damentals weakened in 1988, and the | electric power generation and for spe- | ducers that did not report data in 1989. _ 
industry experienced a downturn that | cialty chemicals and consumer prod- - 

was still in evidence at the end of 1989. | ucts. Peat fuel could capture a com- | = SSS 
U.S. economic growth slowed, and | manding share of the U.S. peat market, | PRODUCTION — |. ! | 
there was a decline in housing starts | assuming that announced plans for the _—-#4-7#72-7TYSCTCT JT | 
and in the development of commercial | construction of powerplants in central : 
properties that negatively impacted the | Florida materialize. Peat was harvested in 22 of the 48 — | 
domestic peat industry. An increase in | | contiguous States during 1989. The | 
competition from commercial com- | _-—————ss—CSC‘CSCSSS .__ |. rn ber Of active producers dropped — | 

| posting operations and from recycled | DOMESTIC DATA 10% to a total of 79, and production | ! 
yard wastes was also experienced. | COVERAGE declined 11% to 755,000 tons. Florida — | 
Twenty-four domestic peat producers | ———————_____-_ | and Michigan accounted for 65% of | | 
out of a total of 103 were idle in 1989. total production; Minnesota and Wis- 

Canadian sphagnum imports as a The Bureau of Mines conducts an | consin, 7%; the Eastern States, 12%; 
percent of total U.S. peat consumption | annual survey of domestic peat produc- | the Midwest 11%; and the Western © 

TABLE 1 | | 

SALIENT PEAT STATISTICS | | | 

1985 1986 1987 1988° 1989° | 

United States: | 

Number of active operations 99 92 92 88 79 

Production thousand short tons 839 912 955 844 755 

Sales by producers do. 882 1,038 958 908 769 : 

Bulk do. 396 522 499 457 378 
Packaged do. 486 516 459 451 391 

Value of sales thousands $21,892 $23,988 $21,020 $20,320 $17,636 | 

Average per short ton $24.81 $23.11 $21.94 $22.37 $22.94 | 
Average per short ton, bulk $20.29 $16.44 $17.72 $18.14 $19.11 | 

Average per short ton, packaged or baled $28.49 $29.86 $26.51 $26.67 $26.63 | 

Imports for consumption thousand short tons 477 553 515 590 530 | 

Consumption, apparent ! do. 1,255 1,548 1,544 1,468 1,391 | 

Stocks, Dec. 31: Producers’ do. 638 555 481 447 341 | 

World: Production do. 204,517 216,392 209,090 214,864 *213,931 | 
“Estimated. Preliminary. ‘Revised. 

' Apparent consumption equals U.S. primary production plus imports minus exports plus adjustments for industry stock changes. 
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States, 5%. More than 90% of the total TABLE 2 million dry tons of peat reserves had | 
output was generated by 50% of the RELATIVE SIZE OF PEAT been identified on the property.” Vari- 
producers from operations of 5,000 | OPERATIONS IN THE ous parties negotiated for mining rights | 
tons per year or greater. Reed-sedge UNITED STATES : to a portion of the peat reserves on the 
peat accounted for 64% of production; property. 
humus, 18%; sphagnum moss, 13%; suction The Conservation Fund, a nonprofit 
and other forms, 5%. Size in short Active (th suead organization, in coordination with the 

. According to the State Division of tons per year operations = hort tons) | Richard King Mellon Foundation, pro- 
Geological and Geophysical Surveys in 1988 1989 1988 1989 | posed donating the property to the US. 
Fairbanks, AK, Alaskan producers har- 25,000 and over ‘10. 8 °367 ~~ 349 Fish and Wildlife Service, Department 

vested 51,000 cubic yards of marketable 15.000 to 24.999. "13 9. "937 «154 of the Interior, as an addition to the 
owe 9 ’ . . . 3 

peat, valued at $0.4 million. Produc- 100001014999. 7 71 36 National Wildlife Refuge System.” A de- 
tion in 1989 was down about 7% from | —————-— . a cision as to whether the rights to the peat 

the previous year. 3,000 to 9,999 112 90-108 | on the property should also be donated 
During 1989, 23% of domestic peat | 2000104999 20 13 62 43 | to the Service, had not been reached. | 

producers were idle. The principal rea- | 1,000 to 1,999 7 6 10 9 
sons cited for idle status included envi- | Under 1,000 200: 220 OT 
ronmental constraints, competitive eco- Total 88 79 ‘844 '755 | CONSUMPTION AND USES 

nomics of domestic and foreign sources, | ‘Revised. OT 
payment deficiencies by bulk consumers, ' Data do not add to total shown because of independent rounding. 

and the new emphasis placed on com- | Apparent domestic consumption of 
posting and the recycling of yard wastes. peat declined 5% for the second year in 

Minnesota Sphagnum Inc. brought its | in Rice County, MN. Peat was ex- | arow. A 10% decline in both domestic 
new sphagnum moss bog and processing | tracted by power shovel, windrowed, | production and imports was partially 
plant in St. Louis County, MN, into full | and shipped by truck to Davidson’s | offset by a 24% draw down in producer 
production during 1989. Milled peat was | processing plant at Kenyon, MN. Dav- | inventories. Domestic sales were off by 
collected by vacuum harvesters and | idson’s product line included top dress- | 15% in 1989, but prices held steady. 
transported to the plant for processing. | ing mixtures, heavy sand mixtures, and | Bulk and packaged product com- | 
Harvested peat was fed to a radar screen | fine milled peat. manded equal shares of the market. 
for sifting and removal of large debris. Hyponex Corp. was operating a large Sphagnum moss sales by domestic 
Crude sphagnum peat was fed to a dou- | reed-sedge bog near the town of | producers were up 61% in 1989. Minne- 
ble deck vibrating screen and hammer- | Montverde in Lake County, FL. Conven- | sota’s sphagnum supply capability in- 

milled to produce marketable quality | tional agricultural disking equipment | creased as new operations were brought 
peat. Dust was removed overhead | was used to loosen and aerate the peat. | into full production. Sphagnum was the 
through a closed circuit vacuum system. | Wide-track bulldozers moved condi- | material of choice for use by nurseries 
Product-grade sphagnum peat was com- | tioned peat and prepared stockpiles for | and also found extensive use in general 
pressed and baled for shipment. shipment to the processing plant. Peat | soil improvement and as an ingredient 

Peatrex Ltd. was operating its new $2 | was screened, hammermilled, and pack- | for potting soils. 
million state-of-the-art sphagnum proc- | aged for shipment. Peat was also pre- The demand for peat in general soil 
essing plant in Carlton County, MN. | pared for bulk sales. Hyponex is owned | improvement, potting soils, and for use 
This plant was designed to run for an | by the O. M. Scott & Sons Co., the | by nurseries generated 94% of the total 
extended period from sphagnum stock- | manufacturer of a popular line of lawn | domestically produced product sales in 
piled during the harvest season. Before | and garden fertilizers. 1989. Reed-sedge peat commanded 
the plant came into operation, har- First Colony Farms’ large fuel-grade | 67% of the market and was the most 
vested peat was shipped to another | peat property near Creswell, NC, was | popular material used for general soil 
producer for processing. Milled sphag- | purchased in bankruptcy proceedings | improvement in potting soils, on golf 
num moss was collected from the bog | by The Conservation Fund for a re- | courses, as a seed inoculant medium, 
by a large Vapo vacuum harvester. | ported $8.8 million in September.! The | and for mushroom beds. Peat was also 
Michigan Peat Co., the largest sphag- | Japanese firm, Nissho-Iwai American, | used for packing flowers, plants, and 
num producer in Minnesota, was oper- | joined with Westinghouse to bid $8.6 | shrubs; as a fertilizer; for vegetable cul- 
ating a large bog and processing in | million for the property, but fell $0.2 | tivation; and as an earthworm culture 
Carlton County, MN. million short. The tract consists of | medium. Other uses for peat included 

Atkin Agri-Peat in Aitkin County, | about 104,000 acres in Tyrrell, Hyde, | chemical processing and medicine, envi- 
MN, is the largest bulk producer of | Washington, and Dare Counties, NC. | ronmental protection, and fuel. 
peat in Minnesota. Reed-sedge peat | First Colony had envisioned the devel- 

was extracted from the bog by bull- | opment of a 200-megawatt electric; == S—OSSSSSS—S—COSSSSSSSSSSS 
dozer and shaped into windrows. Con- | powerplant on the site. STOCKS 
ditioned peat was screened and stock- The total area available for peat har-_|_—<£.£7J}J}TJ>)YyYdYyYW4ydJ4y4yY¥4lWfJTlHH, | 
piled for bulk shipment. Davidson Peat | vesting was about 18,000 acres, less 
was harvesting a combination of hu- | than 20% of the acreage bought by The Peat stocks in all forms declined 24% 
mus and reed-sedge peat under contract | Conservation Fund. Approximately 38 | and stood at 5 months’ production 
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TABLE 3 | | | 

| U.S. PEAT SALES BY PRODUCERS IN 1989, BY USE 

In bulk In packages Total? 
Use | Quantity Value Quantity Value Quantity Value 

(short tons) §— (thousands) (short tons) (thousands) (short tons) (thousands) 
Earthworm culture medium 2,200 $33 209 $6 2,409 $39 
General soil improvement 128,509 2,377 364,962 9,266 493,471 11,642 
Golf courses 20,582 $29 219 14 20,801 543 
Ingredient for potting soils 144,245 2,951 13,120 601 157,365 3,552 
Mixed fertilizers 3,170 50 982 17 4,152 67 
Mushroom beds 6,425 106 355 32 6,780 138 
Nurseries 66,860 1,011 4,314 245 71,174 1,256 
Packing flowers, plants, shrubs, etc. | 1,614 21 711 65 2,325 86 
Seed inoculant 1,126 | 56 5,524 156 6,650 213 
Vegetable growing 592 12 864 14 1,456 26 
Other 2,320 73 — — 2,320 73 

Total! 377,643 7,218 391,260 10,417 768,903 17,636 
' Data may not add to totals shown because of independent rounding. 

equivalent by yearend. Reed-sedge peat 
TABLE 4 ending inventories were 64% of the 

U.S. PEAT PRODUCTION AND SALES lam, torah ems ae, spagenum 
BY PRODUCERS IN 1989, BY STATE . , aes 

ing inventories have averaged about 7 
oo —______________________| months’ production equivalent during Active duction = ss CSalles | the past 5 years. 

State oper- Quantity Quantity Value! Percent | 
ations (thousand (thousand (thousands) packaged 

short tons) short tons) WT 
Colorado 4 WwW W $412 57 PRICES 
Florida 10 243 235 4,515 16 | 
Georgia 2 Ww Ww w 38 The average value of domestic peat Illinois 3 w Ww Ww 99 sales f.o.b. plant, was about $23 per 
Indiana 5 35 34 607 54 ton in 1989, an increase of 2.5% over Iowa 2 WwW Ww Ww 66 the previous year. Packaged and baled 
Maine 2 WwW WwW Ww — prices were approximately 40% above 
Maryland 1 2 3 W 22 bulk prices. Baled sphagnum moss sold Massachusetts 1 WwW WwW Ww 100 for about $13 per cubic yard, and pack- 
Michigan ——s«414 >44 286 6,082 66 aged reed-sedge for about $11 per cubic 
Minnesota 7 31 27 1,415 sg __| yard, f.0.b. plant. 
Montana 1 W W W — 
New Jersey 3 WwW WwW 638 97 BADETICAI TDoanv.. OOOO 
New York 2 1 WwW 10 — FOREIGN TRADE 
North Carolina 1 W W W 100 

North Dakota 1 W WwW Ww 18 More than 99% of U.S. peat imports Ohio 3 W 8 182 — were from Canada. Quebec and New 
Pennsylvania 8 21 20 746 59 Brunswick in Eastern Canada ac- 
South Carolina 1 W W WwW 86 counted for about 75% of total Cana- 
Washington 3 5 W W _ dian shipments, while Manitoba, Al- 
West Virginia 1 Ww _ _ _ berta, and Saskatchewan, to the west, 
Wisconsin. 4 94 B 309 39 provided more than 20%. Canadian 

Total or average 79 755 2769 17,636 51 peat was also ship P ed from Newfound- 
W Withheld to avoid disclosing company proprietary data; included in “Total.” land, Prince Edward : J sland, Nova ' Values are f.0.b. producing plant. Scotia, Ontario, and British Columbia. 
* Data do not add to total shown because of independent rounding. Approximately 75% of Canadian out- 
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put was exported, and the U.S. received In the U.S.S.R., harvesting was con- | about 70% of global peat production 

about 90% of the total. fined to the Baltic republics, the | outside the U.S.S.R. in 1989. Each 

Canadian sphagnum trade fills a | Moscow-Gor’kiy area, and Belorussia, | country was dominant in fuel peat pro- 

large void in the U.S. domestic peat | although peat was known to be depos- | duction for use in power generation 

market created by a deficiency in U.S. | ited throughout much of the country. | plants and other industrial applications 

sphagnum moss supplies. Peat imports | Peat was produced for agricultural use, | and for home heating. 

have captured an increasing share of | as a fuel source, and for use by the Bord na Mona was formed in 1946 to 

the total U.S. domestic supply, rising | chemical industry. Peat was burned in | develop Ireland’s peat resources. It pro- 

from 36% in 1985 to 41% at present. | thermal powerplants in European | duces peat fuel for use in the Electricity 

U.S.S.R. and was also used to fire | Supply Board’s (ESB) peat-burning 

| industrial boilers and to fuel large heat- | powerplants and machine turf and bri- 

WORLD REVIEW ing plants. Peat briquets were manufac- | quets for general industrial and domes- 

eee | tured for use in home heating. The use | tic use. It also produces horticultural 

of peat as an energy source in the | moss peat and a variety of fertilized 

Global peat production remained | U.S.S.R. was declining because of in- | peat products for the world market. 

level at an estimated 214 million tons in | sufficient reserves in the primary con- ESB is Bord na Mona’s major cus- 

1989. The U.S.S.R. was estimated to | suming areas and increasing demand in | tomer, accounting for 54% of annual 

have accounted for about 93% of total | the agricultural sector. The chemical | revenues. In 1987-88, peat accounted 

world production, Europe 6%, and | industry produced methanol and syn- | for 36% of the Irish solid fuel market 

North America 1%. Data were not | thetic natural gas from peat.* in terms of primary energy usage, | 

available for China. Ireland and Finland accounted for | down from 41% in 1986-87. The major 

FIGURE 1 

| PRODUCTION AND IMPORTS OF PEAT IN THE UNITED STATES 
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TABLE 5 

U.S. PEAT SALES BY PRODUCERS IN 1989, BY USE 

| . 

Sphagnum moss Hypnum moss Reed-sedge 

| antit uantit uantit Use —__Quantity _ Value —__Quantity _ Value —_Quantity_ Value | Weight Volume (thou- Weight Volume (thou- Weight Volume (thou- 
(short (cubic sands) (short (cubic sands) (short (cubic sands) 
tons) yards) tons) yards) tons) yards) CECE OS ATS) 

Earthworm culture , 
medium 700 1,000 $9 — — — 842 1,715 $17 

General soil 

improvement 30,134 142,743 1,637 12,800 25,300 $518 349,748 736,528 8,260 

Golf courses 1,015 2,050 18 920 1,900 27 16,104 33,946 332 

Ingredient for | 
potting soils 969 3,370 62 11,920 23,900 508 116,310 251,262 2,590 

Mixed fertilizers — — — 170 400 12 — — — 
Mushroom beds 355 1,481 32 1,275 3,000 45 - §,150 9,755 61 | 
Nurseries 51,931 86,104 769 516 1,092 18 16,428 32,624 422 

Packing flowers, | _ : 
plants, shrubs, etc. 711 2,963 65 — — — 36 75 1 

Seed inoculant — — — — — — 6,650 13,487 213 

Vegetable growing — — — 50 100 1 142 300 5 

Other | 1,385 2,950 51 — — — 935 1,885 22 

Total? 87,200 242,661 2,644 27,651 55,692 1,128 $12,345 1,081,577 11,923 $F AO PEI EMOT TT NN FHO 
Humus Other Total? 

tit tit uantit 
——_ Quantity Value —— Quantity Value OO Q y Value 
Weight Volume (thou- Weight Volume (thou- Weight Volume (thou- 
(short (cubic sands) (short (cubic sands) (short (cubic sands) 
tons) ~ -yards) tons) yards) tons) yards) $$ EEC STS) 

Earthworm. culture 
medium _ 867 1,654 $14 — — — 2,409 4,369 $39 

General soil | 
improvement | 96,289 138,282 1,205 4,500 9,000 $22 493,471 1,051,853 11,642 

Golf courses | 2,762 5,502 166 — — — 20,801 43,398 543 

Ingredient for 

potting soils 26,966 43,078 380 1,200 2,000 12 157,365 323,610 3,552 

Mixed fertilizers 3,982 6,964 55 — — — 4,152 7,364 | 67 

Mushroom beds — — — — — — 6,780 14,236 138 

Nurseries 2,299 4,278 47 — — — 71,174 124,098 1,256 

Packing flowers, 

_plants, shrubs, etc. __ 978 1,660 14 600 1,000 6 2,325 5,698 86 

Seed inoculant — — — —~ — — 6,650 13,487 213 

Vegetable growing 1,264 2,528 20 — — — 1,456 2,928 26 

Other — — — — — — 2,320 4,835 73 

Total? 135,407 203,946 1,900 6,300 12,000 40 768,903 1,595,876 17,636 EE a PAPO E090 
Volume of nearly all sphagnum moss was measured after compaction and packaging. 

2 Data may not add to totals shown because of independent rounding. 
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TABLE 6 factor for this decline was the down- 

| U.S PEAT PRODUCTION AND PRODUCERS’ YEAREND STOCKS ward movement in international fuel 
IN 1989, BY KIND prices. Horticultural peat products are 

currently the most dynamic growth 

__—__——— | component of the business. Twenty- 
. . Yearend ‘ . } 

| Kind Active Production Percent of stocks seven countries now import Ireland’s 

operations (short tons) production (short tons) horticultural peat products.” 

Sphagnum moss 12 94,714 12.5 27,015 | _ Fhe development of Finland’s peat 
Hypnum moss 7 27,035 3.6 | 22,600 industry has been cramate. real pro- 

Reed-sedge 37 486,266 64.4 270,796 | GUCHON has Mereased twenty-rore Sines 
Hum 95 138.555 18.3 13.708 the mid-1970’s. Peat accounts for 

Othe , " ° about 4% of Finland’s present energy 

Viner —— __8,750_ 12 ___6,950__| supply, but the significance and relative 

Total 955,320,100 — «341,069 | proportion of peat is expected to in- 
' Data do not add to total shown because some plants produce multiple kinds of peat. crease despite declining world energy 

prices. Finland was planning to in- 

crease peat output substantially during 

| TABLE 7 | the next 4 years. Finland’s main prod- 

PRICES! FOR PEAT IN 1989 | uct, milled peat, accounts for 80% of 
production, and sod peat, 20%. The 

(Dollars per unit) use of peat in horticulture and as a raw 
| material for different industrial and 

Sphag- environmental purposes is increasing as 

| num Hypnum Reed Humus Other Average | well.® | 
moss moss seage . 

ceeee een ee TEES Kemira Oy started up an 88,000- 

Domestic: ton-per-year ammonia plant in Oulu, 

Bulk: Finland, that was based on peat fuel 

Per short ton 14.30 21.86 24.32 11.07 10.00 19.11 synthesis gas. 

Per cubic yard 8.39 12.08 11.54 8.08 6.00 10.39 

Packaged or baled: Capacity 

Per short ton 76.24 62.48 22.59 20.96 4.89 26.63 The data in table 10 are rated capacity 

Per cubic yard 12.98 27.79 10.69 11.48 2.45 11.56 | for peat operations as of December 31, 
average: 1989. Rated capacity is defined as the 

~ Pershortton —:30.32 40.81 23.27 14.03 6.35 22.94 be produc oe Soe nat can | 

Per cubic yard 10.90 20.26 11.02 9.32 3.33 11.05 | C© Produced in a pe 
Fmoorted toul pap normally sustainable long-term opera- 
mported, total, per 

. - . 

short ton? 132.02 XX XX XX XX 132,02 | ting rate, based on the physical equipment 
SCO mB << spplicable of the plant and given acceptable routine 

| Prices are f.0.b. plant. operating procedures involving labor, en- 

Average customs value. | ergy, materials, and maintenance. Ca- 

pacity includes both operating plants and 

| plants temporarily closed that, in the 

TABLE 8 judgment of the author, can be brought 

U.S. IMPORTS FOR CONSUMPTION OF PEAT MOSS, nto production within 2 enor Pee 
BY COUNTRY’! pital exp 

8B +1989 | CURRENT RESEARCH” 
Country Quantity Value? Quantity Value? See 

(short tons) (thousands) (short tons) (thousands) 

Austria 96 $15 619 $15 The Natural Resources Research In- 

Canada 588,965 74,446 526,903 69,688 | stitute (NRRI), University of MN, Du- 

Ireland 43 5 484 116 | luth, assists in the expansion of natural 

Norway — — 1,356 30 resource industries in rural Minnesota 

Other® S542 99 344 ____82__ | by developing markets for peat, forest 

Total 589,646 74,565 529,706 69,931 products, and minerals. Peat research 

| Poultry and fertilizer grade. activities were focused in four major 

* Customs value. areas: technical assistance to the local 
Includes Australia, Cameroon, Finland, France, the Federal Republic of Germany, Hong Kong, Japan, the Netherlands, Sweden, . ° aly 1 

Switzerland, and Vatican City. peat industry; peatland utilization and 

Source: reclamation; waste treatment, includ- 
ource: Bureau of the Census. . . . 

ing sewage effluent, oil absorption, and 

760 PEAT MINERALS YEARBOOK—1989 |



Sc 

TABLE 9 TABLE 10 

U.S. IMPORTS FOR CONSUMPTION OF PEAT MOSS, WORLD PEAT ANNUAL 
BY CUSTOMS DISTRICT! | PRODUCTION CAPACITY, 

| DECEMBER 31, 1989 

Customs : 1988 : 1989 (Thousand short tons per year) 
district Quantity Value? Quantity Value. | 

(short tons) (thousands) (short tons) (thousands) a or a 
Boston, MA 48 $11 22 $2 Country capacity! 
Buffalo, NY? 58,979 7,169 15,793 2,471 North America: SOt=CSstC‘CSsttSSS 
Chicago, IL — — 1,393 33, |” Canada 820 
Cleveland, OH — — 161 23 | United States. ——~—~=~S«S~«000 
Detroit, MI? | 53,553 7,108 55,282 | 7,905 ‘Totals sst—<is~s=sSsS:CSN DQ 
Duluth, MN? 7,114 927 1,518 177 Latin America: Argentina 5 
Great Falls, MT? 90,517 13,538 79,862 10,901 Evope: 22... 
Honolulu, HI? — — 23 5 Denmark st—‘i‘™SOSOSOSC*~™S 60 

: Los Angeles, CA 1 2 286 89 Finland t~CS 4,000 
Milwaukee, WI — — 131 13 France 250 
New Orleans, LA* — — 12 3 Germany, Federal Republic New York, NY 245 40 619 . 14 of 2,500 
Ogdensburg, NY? 195,509 23,214 190,934 23,928 Hungary 100 
Pembina, ND? 82,907 10,203 79,813 10,385 Ireland 7,000 
Philadelphia, PA — — 18 5 Netherlands 500 
Portland, ME* 56,253 6,099 57,320 7,114 Norway 50 
San Juan, PR? 635 103 96 26 - Poland 300 
Savannah, GA 59 17 17 8 Spain 60 
Seattle, WA? 16,756 2,570 20,365 3,068 Sweden 70 
St. Albans, VT3 26,842 3,527 25,981 3,750 U.S.S.R. 200,000 
U.S. Virgin Islands? 20 2 60 11 Total 214,890 
Other“ 208 35 — — Asia: Israel 30 
Total 589,646 74,565 529,706 69,931 Africa: Burundi 20 

, Poultry and fertilizer grade. Oceania: Australia 20 

3 Predominemtty of Canadian origin. | _Worldtotal 0 2:16,785 total 216,785 
4 Includes Laredo, TX, Miami, FL, Minneapolis, MN, San Francisco, CA, and Tampa, FL. ‘Includes capacity at operating plants as well as at plants on 
Source: Bureau of the Census. | standby basis. . . 

Includes rated capacity of 24 idle plants. 

Source: Branch of Industrial Minerals, Bureau of Mines. 

composting; and chemical derivatives. | cause of the increased food supply and | 
Experiments were conducted in envi- | cover. diapers and was reportedly gearing up 
ronmental chambers to test the growth The Center for Environmental Stud- | to manufacture biodegradable diapers 
of various plant species in mixtures of | ies at Bemidji State University, Be- | using peat as the absorbent. 
peat and composted natural organic | midji, MN, hosted its third Interna- The Bureau of Mines developed po- 
materials. NRRI researchers also re- | tional Symposium on Peat/Peatland | rous polymeric beads, designated BIO- 
ported that sphagnum moss became | Characteristics and Uses, May 16-19, | FIX beads, containing sphagnum moss. 
hydrophobic when dried, producing an | 1989. Approximately 100 scientists | The beads have been demonstrated to 
excellent medium for oil absorption. | from 14 nations attended. The subject | effectively remove metal contaminants 
An experiment was to be conducted | matter dealt with peatland ecology and | from mining and mineral processing 
with a mechanical peat dewatering de- | utilization; peat structure, composition | wastewaters. The beads were utilized in a 
vice in cooperation with the Minnesota | and analysis; industrial products from | three-column fixed-bed circuit to remove 
Department of Natural Resources. peat; and plant-peat relationships. | cadmium, manganese, and zinc from 
NRRI operated the Fens Research | Some of the more interesting papers | wastewater emanating from an inactive 

Facility north of Duluth, MN, on a | dealt with the extraction and properties | zinc mining operation. The removal of 
virgin bog. Researchers conducted field | of peat waxes, progress in the uses of | toxic and heavy metal contaminants 
experiments with various crops and | peat resources in China, use of pre- | from aqueous waste streams is one of the 
trees. Blueberries, raspberries, and | treated peat for oil removal, and the use | most important environmental issues 
strawberries grew well in the reed-sedge | of biofilters in odor and volatile or- facing the United States today.’ 
bog. Hybrid willows and poplar trees | ganic solvent control. Johnson & The United States National Commit- 
also flourished in the bog environment. | Johnson was reported to have numer- | tee of the International Peat Society 
Wildlife had returned to the bog be- | ous patents for peat-based disposable | announced that an international peat 
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| 7 TABLE 11 | tween 1984 and 1988. World peat de- 

- PEAT: WORLD PRODUCTION, BY COUNTRY* _ | mand should grow at about 1% per 
| —— | , | year between 1985 and 1990, about half 

_ (Thousand short tons) | that of world population. Under the 
| forecast scenario, peat demand will 

Country? 1985 1986 1987 —  1988P 1989° | grow at an average annual 0.7%, and 

Argentina: Agricultural use 4 3 4 2. 2 | world population at 1.9%, between 

Australia? 17 8 10 11 42 | 1990 and 1995. , 

| Burund ti<iSS~—SOCS 1 14 19 i9 19 About 50% of the projected growth 

Canada: Agricultural use in demand can be accounted for by 

(shipments) 709 814 m4 | 811 766 | announced plans in Finland and the 

Denmark: Agricultural use | United States. In addition, demand for 

(sales) 43 a) 55 55 55 | agricultural peat in the U.S.S.R. should 

Finland:°¢ also increase. Peat reserves in Bang- 

Agricultural use” 4378 385 385 385 3g5 | ladesh, China, Indonesia, and Malay- 

“FolS:C«8 4 3,500 3,500 3,500 3,500 | Sia are also expected to be developed 

France: Agricultural use® 390 240 330 290 20 and expanded during the forecast pe- 

ee riod. Canada should expand dependent 
Germany, Federal Republic of: . . . 

RE primarily on U.S. sphagnum require- 

_Agriculturaluse sd 2,223 2,207 *2,200 2,000 | ments. The Bureau’s demand forecast 

_Fudo 313 271 265 * 220 200 | appears to be both reasonable and | 

Hungary: Agricultural use° 77 77 77 77 77 | moderate, based on information cur- 

Ireland: | : : rently available. Geopolitical events 

Agricultural use : 350 360 410 ©390 400 | that unfold in the U.S.S.R. and in the 

Fuel 2,944 5,193 6,765 © 6,000 6,000 | developing countries during the fore- 

Israel: Agricultural use® 22 22 22 - 22 22 | cast period, however, could impact 

Netherlands®s ti(i‘iéS~S 500 440 440 440 449 | forecast demand in either a positive or 

Norway.) SS | negative direction. 

Agricultural use SS 33 33 33 33 33 Global peat reserves under cultiva- | 

TT : tion are sufficient for about another 20 | 

Fuel 1 1 1 1 1 
a _____—_—_— : years at current production rates. The 

Poland: Fuel and agricultural 220 320 075 320 599 | identified reserve base of 528 billion 
—$_—_ J _—————_ , tons, however, could theoretically sup- : 

Spain 60 57 ©57 “58 58 . 

cn Ea port current production rates for more 

Sweden: Agricultural use” a4 66 66 66 66 | than 2000 years. New bogs will. be 

USSR , | developed to replace depleting bogs and 

Agricultural use® 175,000 180,000 180,000 180,000 180,000 | to expand world peat production. Total 

Fuel | 17,600 21,500 12,600 19,290 18,700 | world resources of peat are estimated to 

| United States: be 2.1 trillion tons. The deposits in the 

Agricultural use 828 912 955 844 4755 | U.S.S.R. are estimated at 850 billion 

Fuel 11 _ _ _ __ | tons and in Canada at about 560 billion 

Total tsti(i=‘ié™S™~*~*~”:”«C« 204 S17 216,392 209,090 214,864 213,931 | tons. Domestic deposits of peat occur 

Fuel peat included in total 14550 30,685 :«=St«i238,406~«=S*«231—=—=—«a28,62 | iM all 50 States, with estimated re- 
Teaimaed PPwhmina 3. P Preliminary. sources of 340 billion tons, about 16% 

1 Table includes data available through May 30, 1990. 
of the world total. 

ao oie on i ve countries listed, Ae teeien’ and ay Produc. neste vee of a ane the German Democrat U.S. production and primary de- 

avtlution of able ° timate of aero levels output 1S not officially reported, and available in ormation 1S Inadequate for mand turned up in 1984, and peaked at 

3 Excludes data from some states. record highs during 1986 and 1987. The 

*Reported figure. market turned down, in 1988 and 1989, 

in line with a slowdown in U.S. eco- 

nomic growth. Housing starts and the 

development of commercial properties 

symposium would be held in Duluth, OUTLOOK slowed, and peat demand declined. The 

MN, August 19-23, 1991. The sympo- | ————_-_______ market is expected to stabilize during 

sium site will be the new Convention the forecast period, and demand for 

Center, located on the shore of Lake The global outlook for peat supply- | horticultural and agricultural peat 

Superior. Prospective speakers and at- | demand is shown in table 12. Demand | products should return to, or exceed, 

tendees were encouraged to contact Mr. | was developed by assuming that per 1986-87 levels by 1995. Demand will be 

Donald N. Grubich, Organizing Chair- | capita peat consumption would con- impacted by industrial composting and 

man, c/o IRRRB, P.O. Box 441, | tinue to decline at an average annual | residential recycling of yard wastes. 

Eveleth, MN 55734, U.S.A. 0.9 pounds per capita, experienced be- | Fuel-grade peat demand should in- 
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| | | - TABLE 12 

| WORLD PEAT SUPPLY-DEMAND RELATIONSHIPS‘ Oo - 

| | | | (Million short tons peat) - | a | 

7 1985 1986 1987 1988 1989? © 19902 1991? 19927 49937: 1994? 19952 
Capacity? 215.0 216.8 216.8 216.8 216.8 217.5 220.0 221.5 -. ..223.0 — 224.0 225.0 
Demand: | | | 7 eT : 
Agricultural 179.9 185.7 185.7 185.7 185.3 - 186.6 187.7 188.9 .» 190.0 190.9 191.8 
Fuel - | 24.6 — 30.7 | 23.4 29.2 28.6 29.1 29.6: 30.0 30.4 30.8 31.2 

Total, 204.5 216.4 209.1 214.9 213.9 215.7 217.3 218.9 2204 = 221.7 223.0 
Operating rate* 95% 100% 96% 99% 99% 99% 99% 99% 99% 99% 99% 
Consumption: __ | 

Lbs. per capita> 85.2 88.3 83.6 84.3 82.3 81.4 80.5 79.6 78.7 77.8 76.9 
Population: | oe 

Billion ® 4.8 . 49 | 5.0 5.1 5.2 5.3 5.4 | 5.5 5.6 5.7 5.8 TSB 
*Estimated. Preliminary. 

' Calendar years. 

2 Forecast. 

3 Effective production capability. . 
“Total demand as a percent of capacity. 

. 
> Peat demand expressed in pounds per person. 

Statistical Abstract of the United States, 1989; Bureau of the Census. 

Source: Division of Mineral Commodities, Branch of Industrial Minerals, Bureau of Mines. , 

crease by at least 0.5 million tons as | peat industry during the 1990's. use a selected set of physical and chem- 
new peat-fired electrical power genera- ical criteria to characterize peat materi- 
tion plants come on-stream in central | sses—eseses—‘“‘its als. Standards established by the Ameri- | 
Florida. If current plans for the imple- BACKGROUND can Society for Testing and Materials 
mentation of peat fuel powerplants ma- | —————____________________ | (ASTM) are usually followed in charac- 
terialize, peat fuel could become the | terizing peat in North America. ASTM 
dominant end-use sector in the US. Peat deposits were developed by the | Classification of Peats, Mosses, Humus, 

: gradual decomposition of biomass ma- | and Related Products requires the use of 
TABLE 13 terials under anaerobic conditions in | three parameters: ash content; fiber con- 

shallow basins. Most of the peat depos- | tent, and botanical composition. The ash 
WORLD PEAT RESERVES AND its in existence today have formed since | content must be less than 25% by dry 

RESERVE BASE the last ice age, approximately 10,000 | weight. The botanical composition of the 
(Million short tons of air-dryed peat) years ago. Peat bogs are more extensive peat, especially of the peat fibers, is 

in the temperate, boreal and subarctic | critical to determining whether the peat 
TT zones of the Northern Hemisphere and | is “sphagnum moss peat” (greater than 

Reserves! base? more limked in the cool and humid | 66% fiber, all of which must be derived 
North Americas OOT«C“N:« ZONeS:«Of the Southern Hemisphere. | from the genus Sphagnum), “hypnum North America: . - . a os Canada oA 336.000 Peat is a precursor of lignite and coal. | moss peat” (minimum of 33% fiber, of 

ae , Humates are found in the Upper Cre- | which 50% must be derived from the 
_United States __iI6_~=—_7,000 | taceous coal-bearing sediments of the genus Hypnum), or “Reed-Sedge Peat” 
——foral 40 = 343,000 | San Juan Basin in New Mexico. Hu- | (minimum of 33% fiber containing more 
Europe: mates are humic acid-rich carbon- | than 50% reed-sedge and other nonmoss 

Finland 70 7,000 | aceous shales or claystones. They are | fibers). Many researchers endorse the use 
Germany, Federal used for a variety of purposes, includ- | of von Post’s humification factors as a 
Republic of 46 500 | ing soil conditioning. Peats are com- | direct method for defining peat types 

Ireland 171 900 | monly classified as sphagnum moss, | and properties in the field. 
U.S.S.R. 5320 160,000 | hypnum moss, reed-sedge, and humus. Sphagnum peat moss is a low density, 
Other 3 16,600 | Sphagnum moss is a high-fiber, low- | fibrous material with excellent water re- 
Total 5,630 185,000 | density, acidic peat, while humus, at | tention properties. Sphagnum bogs are 

 Worldtotal =» *5,670 528,000 the opposite end of the scale, is a high found in the northern latitudes of the 
T Estimated reserves currently under active aulinaan a, | density, moderately acidic material. United States. Sphagnum is an acidic, stimated reserves currently under active cultivation or econom- . . 
ically recoverable under current market conditions. a . chemically active peat. Reed-sedge peat 
>The reserve base includes demonstrated resources that are cur- Specifications is less fibrous than sphagnum, has a 
rently economic (reserves), marginally economic (marginal : eee ° : : : o 48 reserves), and some of those that are currently subeconomic Peat has various definitions and the | much higher density and is mildly acidic. 
(subeconomic resources). term is often misused. Peat scientists | Reed-sedge bogs are abundant in both 
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TABLE 14 TABLE 15 | ers and will generate about $500,000 in 

U.S. PEAT PRODUCTION AND TIME-VALUE! RELATIONSHIPS _ | venues annually. 
DEMAND! ' KOR US. PEAT An agreement was reportedly 

| | reached between Florida Power Corp. | | 

| (Thousand short tons) ~~ al pie and General Peat Resources LP, for the 

: dollare per chon ton utility to purchase power from three 

Primary Primary | Year —__—__—_————_ | peat-fueled plants to be built in central 
Year production? demand? Actual Based on constant Florida. Th ti d th yf 

NN Ne ea te EEERSRREERRRNRREET price 1989 dollars orida. e action pave € way for 

1970 517 809 170. 1139.  34.25°~*W General Peat of St. Petersburg, FL, to 

1971 605 896 i71SC—=<CSLSCSstCSS'sIS build three, 52-megawatt generating 

1972 577 917 Dh units near Lake Placid at an estimated 

1973 635 450 |) ——— ___ _ | cost of $300 million. General Peat will 

1974 731 1,033 1973 12.16 CCi OB | harvest peat in the immediate area 

9508 1974 15.56 C3639 ~~ |: where bogs contain a 50-year supply of 

96D 1975, 16.49 Cis | the fuel. At full capacity, the power- 

IPB 0S6 1976 16.52 33.07 plants would require more than | mil- 

1998 Ra 3 1977 17.25 | 32.37 lion dry tons of peat annually, more 

| qe gags a 1978 17.32 30.30 than double current U.S. peat output.® 

1 1979 19.44 31.24 

jos1 ee 8 1980 20.54 30.27 1 Coastland Times, Manteo, NC. Apr. 29, 1990, p. 1A. ; 

aA 1981 24.82 33.35 ?____., Apr. 26, 1990, p. 10A. 

1982 798 1,080 1982 21.94 27.71 3Environmental Assessment for the Proposed Po- | 

1983 104 1,042 eT ______—_—_____ | cosin Lakes National Wildlife Refuge, U.S. Fish and 

1984 800 1.146 19 83 _ 25 73 a _3 1.28 _ Wildlife Service, Dep. of the Interior, Atlanta, GA, May 

eee | 1984 24.47 28.70 1990. 

oF 1985 24.81 28.26 4U,S.S.R. Energy Atlas, Central Intelligence Agency, 

98600 AB 1986 93.11 | 25.65 yan. 1985, p. 45. 
1987 955 1,544. | <7 42nd Annual Report and Accounts, 1987-1988, 

1988 FB 1987 21.94 23.60 Bord na Mona, Dublin, Ireland. 

ot ae 1988 22.37 23.29 6Mutanen, K. Increased Investments in Peat Re- 

1989F 989 ee 755 1,391 Pp search. Finnish Trade Review: Energy. The Finnish 
: 1989 22.94 22.94 

1990° 820 1,330 Ppelninagp 7a Foreign Trade Association, Helsinki, Aug. 1987, pp. 

$< reliminary. _ 

1995! . *1,450 42,150 'U.S. producer price, f.o.b. plant; average all kinds of peat. 42-43. ; 

a 
Mutanen, K. Advanced Peat Technology, Mintech 

€Estimated. ‘Forecast. ? Preliminary. ‘Revised. Sources: Bureau of Mines; Council of Economic Advisors (1989 89. The Annual Review of International Mining Tech- 

' Calendar years. implicit price deflators for Gross National Product). , . £ 

2Gross production of USS. peat. nology and Development, Sterling Pubs. Ltd. London 

3 Apparent domestic consumption; calculated from sum of do- 1989, pp. 127-128. 

mestic production and imports, adjusted for yearend stock 7Bennett P., and T. Jeffers. Removal of Metal Con- 

changes. Technol taminants from a Waste Stream Using BIO-FIX Beads 

“Includes 500,000 tons fuel grade peat required to operate two, ecnnorogy | Containing Sphagnum Moss. Western Regional Sympo- 

52-megawatt power generation plants at 70% of capacity in Down East Peat commenced opera- | sium on Mining and Mineral Processing Wastes, Berke- 

central Fone. A total of three, 52-megawatt units are reportedly tion of North America’s first peat-fired ley, CA, May 30-Jun. 1, 1990. Salt Lake City Research 

" ' ‘ Center, BuMines, Salt Lake City, UT, Feb. 1990. 

Source: Division of Mineral Commodities, Branch of Industrial electric powerplant at Deblois, ME, at CE " : . ae N here i" ut G ° Hill. J 18 

Minerals, Bureau of Mines. midyear. The plant output design is 22.8 | .,,, 8, ing News Xecord, Mouraw tam vane 

megawatts and can be fueled by peat or a 7p, 

. combination of peat and woodchips. 

the temperate and warm southern cli- | Pelleted sod peat from the adjacent OTHER SOURCES OF INFORMATION 

, mates of the United States. Hypnum | Denbo Heath bog provided fuel for the Annual Book of ASTM Standards 

moss has properties similar to reed- | boilers. The $55 million project took 6 American Society for Testing an d 

sedge. Humus peat is highly decomposed | years to complete. The plant will employ Materials Philadel hia. P a annual 

and is the most dense peat. about 50 full-time and 40 seasonal work- ° Pes ee 
Testing of Peats and Organic Soils, 

American Society for Testing and 

TABLE 16 Materials, Philadelphia, PA, June 

1982. 
AVERAGE DENSITY , 

OF DOMESTIC PEAT SOLD IN 1989 Peat Resources of the United States, A 

(Pounds per cubic yard) Joint Proposal to the U.S. Department 

of the Interior from the University of 

Sphag- North Dakota Energy. Research Center 
pnae Hypnum Reed- : 
num ae sedeo Humus Other and U.S. Geological Survey, Apr. 1986. 

mMoOss NRRI Now, Natural Resources Research 

Buk —i‘iST OSD O20 Institute, Univ. of Minnesota, Duluth, 

Packaged 48909461096 1,000 |= Quarterly. 
Bulk and packaged 719 993 947 1,328 1,050 
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| By Wallace P. Bolen | 

| Mr. Bolen, a physical scientist, is a graduate of the University of Virginia and has been the acting commodity specialist for 
perlite since September 1989. Domestic survey data were prepared by Blanche S. Hughes, mineral data assistant, and the inter- 
national production table was prepared by Audrey Wilkes, international data coordinator. 

-S. production of processed per- | 10 responded, all active, and accounted consumption is defined as production 
lite increased 4% in quantity | for 100% of the total processed ore sold plus imports minus exports. Apparent 
and decreased 8% in value. Ex- | or used in table 1. Of the 68 expanding | domestic consumption of processed per- 
panded perlite sales increased | plants canvassed, 61 were active; of these, | lite in 1989 increased 6% to 641,000 tons 

8% in quantity and were virtually un- | 42 plants, or 69% responded, represent- | compared to that of 1988. | 
changed in value. Construction uses of | ing 64% of the total expanded perlite sold Ore producers were Harborlite Corp. 
processed perlite accounted for 64% of | or used shown in table 1. and Nord Perlite Co. in Arizona; Ameri- 
total domestic sales in 1989. can Perlite Co. in California; Persolite 

: —_____________ | Products Inc. in Colorado; National Per- 
——_—+_—__—+]_—1__——————. | PRODUCTION lite Co. in Idaho; Delamar Perlite Co. in 
DOMESTIC DATA TTT AANA, | Nevada; and Grefco Inc., Manville |. 
COVERAGE Products Corp., and USG Corp. in New | _ 
> Perlite mined for processing came from _| Mexico. | 

9 companies with 10 operations in 6 The quantity of expanded perlite sold : 
Domestic production data for perlite | Western States and totaled 722,000 short | and used from 61 plants in 33 States in- | 

are developed by the Bureau of Mines | tons. New Mexico operations accounted | creased 7% in quantity compared with 
from two voluntary surveys, one for | for a large majority of the total tonnage | 1988. Value of expanded perlite 
domestic mine operations and the other | mined. The Temaining tonnage came | decreased slightly in 1989. Leading | 
for expanding plants. Of the 12 mining | from Arizona, California, Colorado, | States, in descending order of sales, 
operations to which a request was sent, | Idaho, and Nevada. Apparent domestic | were Mississippi, Pennsylvania, Illinois, | 

TABLE 1 | 

PERLITE MINED, PROCESSED, EXPANDED, AND SOLD 
AND USED BY PRODUCERS IN THE UNITED STATES 

(Thousand short tons and thousand dollars) 

ree eT Processed perlite | Expanded perlite 

Year  Derlit Used at own Total 
ain ad Sold to expanders plant to make quantity ( uantity Sold and used 

expanded material sold and produced 
ee ee used ——— 

Quantity Value Quantity Value Quantity Value S$. Mm att Nate CSCC Quantity Value 
1985 678 309 10,714 209 6,821 518 461 459 81,000 I I EEN 4G 459 ~~ 81,000 
1986 735 303 9,536 204 6,110 507 480 479 83,700 DDO 480 479 833,700 
1987 7718 333 10,471 200 6,023 533 464 466 81,800 SE ESS 4 466 =~ 81,800 
1988 830 375 11,588 201 6,064 576 480 479 88,900 SESE OGG 480 479 (88,900 
1989 722 406 11,426 195 4,875 601 518 517 88,014 Ee OUEST 88014 
'Crude ore mined and stockpiled for processing. 
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California, Georgia, Arizona, Kentucky, | agricultural markets totaled 148,600 tons, | OTHER SOURCES OF INFORMATION 

Virginia, and Minnesota. an increase of 7%. compared to 1988. oo. 
el | wo paren - Bureau of Mines Publications 

a Mineral Commodity Summaries, annual. 

FOREIGN TRADE : Minerals Yearbook, annual. 

CONSUMPTION AND USES FOREIGN TRADE Mineral Industry Surveys, annual. 

oo oy og Other Sources 

C ; . Perlite exports, primarily to Canada, Engineering and Mining Journal. 

onstruction-related uses, the major | were estimated to be 5,000 tons. Imports Industrial Minerals Magazine (London). 

market for expanded material, increased | of perlite ore from Greece were estimated | Mining Engineering. i 

5% to 336,600 tons. Expanded per- | to be 65,000 tons compared with 62,000 | ~ Mining Journal (London). 

lite used as filter aid, fillers, and in | tons in 1988. —— - World Mining. | 

| | a | TABLE 2 | 

| EXPANDED PERLITE PRODUCED AND SOLD 

AND USED BY PRODUCERS IN THE UNITED STATES, BY STATE | | 

1988 1989 , 

oo, Quantity Sold and used Quantity Sold and used 

| State produced. Quantity Value Average produced Quantity ~ Value Average 

, | (short (short (thou- value | (short (short (thou- value 

- | tons) tons) sands) per ton! tons). tons) sands) per ton! 

California oo 40,700 41,600 $7,841 $188 41,200 44,700 $8,363 $187. 

Florida 26,600 26,600 5,509 206 23,200 . 23,100 4.817 208 

Indiana | 19,400 19,400 5,499 283 22,200 22,200 5,839 263 

Kansas 1,100 1,100 380 354 WwW WwW W 365 

Pennsylvania 50,300 50,200 9,776 194 50,900 50,900 10,461 205 

Texas ; 16,000 15,600 4,108 263 25,900 24,700 5,424 219 

Utah 900 900 239 274 4,500 4,500 1,234 274 

Other? 324,900 323,290 55,548 172 349,800 347,300 51,876 149 

Total? 480,000 479,000 88,900 186 518,000 517,000 88,014 170 

W Withheld to avoid disclosing company proprietary data; included with “Other.” 

| Average value based on unrounded data and rounded to nearest doilar. . 7 

2Includes Alabama, Arizona, Arkansas, Colorado, Georgia, Idaho, Illinois, lowa, Kentucky, Louisiana, Maine, Massachusetts, Michigan, Minnesota, Mississippi, Missouri, Nevada, New Jersey, New York, 

North Carolina, Ohio, Oregon, Tennessee, Virginia, Wisconsin, and Wyoming. 

3Data may not add to totals shown because of independent rounding. 
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TABLE 3 

EXPANDED PERLITE SOLD AND USED BY PRODUCERS 
IN THE UNITED STATES, BY USE 

(Short tons) 

Use 1988 1989 

Concrete aggregate 10,400 11,100 

Fillers 27,100 28,200 | 
Filter aid 62,900 70,800 | 
Formed products! 283,100 291,200 
Horticultural aggregate” 49,300 49,600 
Low-temperature insulation 6,200 6,100 | 
Masonry and cavity-fill insulation 10,400 10,200 
Plaster aggregate 10,800 18,000 

Other? 18,800 32,000 

Total 479,000 4517,000 

lIncludes acoustic ceiling tile, pipe insulation, roof insulation board, and unspecified formed products. 
“Includes fertilizer carriers. . 
3 Includes fines, high-temperature insulation, paint texturizer, refractories, and various nonspecified industrial uses. 
‘Data do not add to total shown because of independent rounding. 

TABLE 4 

PERLITE: WORLD PRODUCTION BY COUNTRY! 

(Thousand short tons) | 

| Country? 1985 1986 1987 —1988P =: 1989° | 
Australia? 3 4 6 5 6 
Czechoslovakia “49 46 46 48 49 

Greece 178 203 230 “230 230 

Hungary? 104 121 124 133 132 
Italy® 88 81 77 78 78 

Japan 83 83 83 83 85 

Mexico? - 4) 51 43 43 44 

Philippines® 44 4 4 4 4 
Turkey 66 115 159 202 220 

USS.R-“ 660 660 660 660 660 

United States (processed ore sold and used 

by producers) 518 _ 507 _ 533.576 _ 4601 
Total 1,794 "1,875 1,965 2,062 2,109 

“Estimated. ’Preliminary. "Revised. 
'Unless otherwise specified, figures represent processed ore output. Table includes data available through May 16, 1990. 
“In addition to the countries listed, Algeria, Bulgaria, China, Iceland, Mozambique, the Republic of South Africa, and Yugoslavia are be- 
lieved to have produced perlite, but output data are not reported, and available information is inadequate for the formulation of reliable 
estimates of output levels. 

3Crude ore. 

4Reported figure. 

PERLITE MINERALS YEARBOOK—1989 767



* 

‘ 

,



a 

By William F. Stowasser 

Mr. Stowasser, a physical scientist with 19 years Bureau of Mines experience, has been the commodity specialist for 
phosphate rock since 1974. Domestic survey data were prepared by William Fields, mineral data assistant, and the 
international data table were prepared by Peter Roetzel, international data assistant. | 

hosphate rock production in | ing of ores and minerals” from regula- | took final action on all but 20 mineral 
; > the United States increased al- | tion as hazardous waste under subtitle | processing waste streams. The wastes 

most 10% in 1989 over that of | C of RCRA, pending completion of | proposed for removal from the Bevill 
, 1988. The production of | certain studies by. the Environmental | Exclusion were furnace offgas solids 

49,817,000 tons! was consumed in sev- | Protection Agency (EPA). In 1980, the | from elemental phosphorus produc- 
eral markets. The estimated U.S. de- | EPA interpreted this exclusion on a | tion, phosphogypsum from phosphoric | 
mand pattern was 19,180,000 tons used | temporary basis: to encompass “solid | acid production, and furnace slag from 
in domestically consumed fertilizer, | waste from the exploration, mining, | elemental phosphorus production. 

20,803,000 tons was converted to fertil- | milling, smelting, and refining of ores As of September 1, 1989, the status 
izer and exported, 1,647,000 tons was | and minerals.” On September 1, 1989, | of previously proposed Bevill mineral : 
used domestically in other than fertilizer | EPA published the final criteria and | processing wastes in the phosphoric 

applications, and 512,000 tons was ex- 
ported as other than fertilizer chemicals. | 

The United States exported 7,842,000 
tons of phosphate rock and imported TABLE | 

704,000 tons preserving the general SALIENT PHOSPHATE ROCK STATISTICS! 

trends of d eclining phosphate rock €x- _ (Thousand metric tons and thousand dollars unless otherwise specified) 
ports and increasing imports. 

World production of phosphate rock | ——— 
was similar to that of 1988. Production aS 1986987988 
remained at a plateau of about 162 | United States: 00 
million tons. Mine production (crude ore) 175,227 135,683 148,426 162,299 170,268 

Marketable production 50,835 40,320 40,954 45,389 49,817 

ee PO, content 15,634 12,248 12,470 13,833 15,116 

DOMESTIC DATA Value 2$1,235,800 7$897,131 7$793,280 $887,809 $1,084,022 

COVERAGE Average per metric ton? $24.31 $22.25 $19.37 $19.56 $21.76 

as Sold or used by producers* 46,634 41,776 43,673 48,441 49,280 

. . P.O, content 14,363 12,750 13,286 14,760 14,935 

Domestic production Gata for phos: |" Value____———————781,133,675_7$929,621 _7$845,812 $947,721 $1,072,454 
of Mines from two separate voluntary | —AY&#8® per metrcton?# $24.31 $2225 $19.37 $19.56 $21.76 
surveys of U.S. operations. Typical of _Exports® NG 7848 8A 8,092 7, B42 
these surveys is the semiannual Phos- | __P2Oscontent 29312521 2,737 2,608 2,5 22 
phate Rock Survey. Of the 19 opera- Value? $263,631 $211,701 $194,691 $206,984 $227,272 

tions to which a survey request was Average per metric ton* $28.86 $26.97 $23.03 $25.58 $28.98 

sent, all responded, representing 100% Imports for consumption 734 528 464 676 705 

of the U.S. production data shown in C.i.f. value $1,747 $25,435 $22,134 ‘$26,310 $29,878 

table 1. Average per metric ton 8$51.54 8$48.18 $47.70 $38.92 $42.44 

Consumption ® 37,532 34,456 35,683 41,022 42,143 
TTT Stocks, Dec. 31: Producers 15,534. 13,277 10,884 9,323 11,027 

LEGISLATION AND World: Production 148,842 138,870 «144,228 163,673 © 162,000 
GOVERNMENT PROGRAMS | tisinaca tPcinnay Rama 
TT ' Data for the same items appearing in this and other tables may not reconcile because of manual or computer rounding. 

“The total value is based on a weighted value. 
S ection 3001(b)(3)( A)(ii) of the Re- Pasi alae average eons. on the weighted sold or used values. 

sources Conservation and Recovery Act | ‘weighted average of sold or used values. 
(RCRA), known as the Bevill Exclu- ° Exports reported to the Bureau of Mines by companies. . 

sion, excludes “solid waste from the | ssweseurit ve obtained fomunonieddaa 
extraction, beneficiation, and PFoceSs- | °Expressed as sold or used plus imports minus exports. 
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acid and elemental phosphorus sectors |. ing mines will decline. The rate of | Morocco plans to double its DAP ca- 
was as follows: | oe decline will depend on future mining | pacity at Jorf Lasfar in the next few 

1. Furnace off-gas solids was condi- | rates, if environmentally sensitive wet- | years. 
tionally retained because it passed | lands and hardwood stands will be per- After 100 years of production from 

high-volume criteria. mitted and mined, if technology to | Florida’s Bone Valley Formation, it is 
2. Furnace scrubber blowdown was | improve the quality of phosphate rock | difficult to accept the prognosis of a 

removed because of low volume. can be developed, and if the economics | decline in the supply of phosphate rock 
3. Process wastewater was removed | of mining and processing phosphate | from the region. This decline was par- 

because of low volume. | rock become sufficiently attractive to | ticularly difficult to accept in 1989 
4. Slag was retained because it passed | develop new mines in Florida and ex- | when efforts were made to replenish 

all criteria. pand the capacity of the mine in North | domestic grain stocks, depleted by the 
5. Phosphogypsum was retained be- | Carolina. drought in 1988, and supply an excep- 

cause of high volume. Raw material demand for phosphate | tionally strong export market for phos- 
6. Process wastewater was condition- | rock is closely associated with produc- | phate fertilizers. At issue is the devel- 

ally retained because of high volume. tion levels in the world’s fertilizer in- | opment of replacement mines to offset 
As of September 25, 1989, the pro- | dustries. The demand for agricultural | production losses as. phosphate rock 

posed status of each of the phosphate | products is tied to population. A world | deposits are mined out in Florida. 
commodity wastes and the basis for | population over 5 billion in 1989 is | There are a limited number of remain- 
each were as follows: forecasted to reach 6.2 billion in the | ing deposits from which acceptable 

1. Elemental furnace off-gas solids | year 2000. products could be produced in Florida. 
from 5 operations was not retained The increase in population and an | Investors have been reluctant to develop 
within the Bevill Exclusion. anticipated increase in per capita in- | new mines in Florida without assurance 

2. Phosphoric acid process wastewa- | come will increase the demand for | of a profitable return. Current selling 
ter from 28 operations was retained | food, feed, and fiber, increasing the | prices and estimated production costs 
within the Bevill Exclusion. pressure on world agriculture to pro- | from a potential new mine do not en- 

The Office of Radiation Programs, | duce the necessary quantities of these | courage investments. 
EPA, ruled that conditionally and | products. Programs and policies are The future supply of phosphate rock 
pending further studies, a reduction of | needed to promote growth in fertilizer | could be increased by investment in 

radon emissions from phosphogypsum | application and food production so | North Carolina, where large reserves 
| stacks would not be required. The emis- | that people, particularly in developing | are available, to accommodate a mine 

sions were within the acceptable risk of | countries, can have higher nutritional | expansion. Expansion of existing mines 
1 cancer death per year for every 10,000 | levels in the year 2000. in Florida does not appear at this time 

people from radon-222 gas from an to be economically feasible, and qual- 
active phosphogypsum stack. Themax- | ____ ii‘ WCC +sCtty reserves are limited. 
imum mortality risk from radioactive | ISSUES 

particulates was estimated at about 2 in | ——-———_ |, __ 

1,000,000. | PRODUCTION 
, The demand for U.S. phosphate rock |) 27]]—777IT>WY]TY— 

aS} in 1989 was more than expected when | 
STRATEGIC India discontinued receiving Moroccan Compared with 1988, domestic pro- 

phosphoric acid and purchased an ad- | duction of marketable phosphate rock 
CONSIDERATIONS ditional 1.5 to 2 million metric tons of | increased 10% in 1989 to 49.8 million 

| -diammonium phosphate (DAP). The | tons. Production was 2 million tons 
Phosphate rock is not strategically | tonnage was supplied for the most part | higher than planned by producers as 

stockpiled. The United States is a net | by U.S. producers, and with this wind- | they responded to improved demand in 
exporter of both phosphate rock and | fall, prices were sustained during the | the domestic and export sectors for 
phosphate chemicals. There is concern, | main shipping period of the year. As | phosphate fertilizers and elemental 

however, over the adequacy of domestic | shipments to India declined, prices for | phosphorus derivatives. Most of the 
supply in future years when the depos- | DAP fell, indicating overcapacity of | increased supply originated in Florida. 
its of phosphate rock in Florida that | the U.S. DAP industry. The decline in | Of the total U.S. production, Florida 
have sustained domestic and export | prices forced high-cost plants to close | and North Carolina supplied 88%, and 
markets for many decades are mined | or reduce production. Overcapacity in | the balance was produced in Idaho, 
out. Phosphate rock deposits in Flor- | the U.S. DAP industry was the reason, | Montana, Tennessee, and Utah. 
ida, after 100 years of production, have | and it was forecasted that India’s im- 

a limited supply of high-quality re- | ports of DAP will be less in 1990. Low | Florida and North Carolina 
serves remaining. (The subject of phos- | DAP prices will probably encourage Phosphate rock was produced in Flor- 
phate rock reserves is discussed in this | sales into some areas; however, the | ida by Agrico Mining Co., a division of 
publication under reserves.) A review | quantities sold were not expected to | Agrico Chemical Co., owned by Free- 
of mine production plans of Florida | increase in 1990 over that of 1989. | port-McMoRan Resource Partners L.P.; 
mines shows that as years progress, the | Closing DAP plants in the United | CF Industries Inc.; Estech Inc., owned 

supply of phosphate rock from remain- | States may not resolve the issue as | by C&G Holdings Inc.; Gardinier Inc., 
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80% ownership by Cargill, Inc.; IMC | Western States exported to Canada. Chevron Resources 
Fertilizer Inc. (IMC); Mobil Mining | | Phosphate rock was mined in Idaho, | Co. produced phosphate rock from the 
and Minerals Co.; U.S. Agri-Chemicals | Montana, and Utah. Nu-West pro- | Vernal Mine, UT. It was transported by 
Corp.; Seminole Fertilizer Corp., owned | duced phosphate rock from a number | pipeline to Rock Springs, WY. | 
by Tosco Corp.; and Occidental Chemi- | of deposits in Idaho. The phosphate | . 
cal Agricultural Products Inc. in north- | rock was beneficiated and calcined at | 
ern Florida. Nu-Gulf Industries Inc., a | Conda, ID. J. R. Simplot Co. produced | CONSUMPTION AND USES 
subsidiary of Nu-West Industries Inc., | phosphate rock from the Gay Mine, | ——-—----W____LLLc_—t— 
shipped phosphate rock from inventory | Fort Hall Indian Reservation, and the | . 

but did not produce it in 1989. Smoky Canyon Mine, Caribou Na- The demand pattern for phosphate 
Low-fluorine soft phosphate rock | tional Forest. The Gay Mine’s main | rock in the United States was stable - 

was recovered from hard phosphate | bed phosphate rock was used by Sim- | during the past decade. Between 85% 
rock tailing ponds in north-central | plot, and the lower-grade shale was | and 90% of phosphate rock consumed 
Florida by Manko Co., Howard Phos- | used in FMC Corp.’s electric furnaces. | was used to produce phosphate fertilizer 
phate Co., and Loncala Phosphate Co. | Monsanto Co. supplied its Soda | for domestic or export markets. Fre- 

Texasgulf Inc., a subsidiary of Elf | Spring, ID, electric furnaces from the | quently, over 50% of the manufactured 
Aquitaine Inc., was the only producer | Enoch Valley Mine. Rh6ne-Poulenc | fertilizer was consumed domestically; 
of phosphate rock in North Carolina. | Basic Chemicals Co. operated the | however, there were several years during 
Studies to deepen the harbor and chan- | Wooley Valley Mine, ID, to supply | the past decade that fertilizer exports 
nel at Morehead City, NC, for navigation | phosphate rock to its Silver Bow, MT, | exceeded domestic consumption. 
by deeper draft vessels were in progress. | electric furnaces. Cominco American Phosphate rock exports have de- 
Texasgulf produced phosphate rock from | Inc. operated an underground mine, | clined from a 14 million ton-per-year 
the Lee Creek Mine adjacent to the Pam- | beneficiation, and drying plant near | level in 1979 to about 8 million tons- 
lico River. | | Garrison, MT. The dried product was | per-year in recent years as the industry 

TABLE 2 

~PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES, BY REGION! , 

. (Thousand metric tons and thousand dollars) 

Mine production 0 ae . 
Region Used directly Beneficiated Totals Ending 

Rock P20s Rock P20s Rock P05 Rock P20s Value? * stocks 
content content content content 

1988: 162,299 "20,951 3,832 1,045 41,557 12,787 45,389 13,833 887,809 9,323 

1989: oo a a a | a | OO Oo OO 

January-June 

Florida and 

North Carolina "92,616 "16,279 266 81 *22,993 "7,029 "23,259 "7,111 "500,958 "9,954 

Idaho, Montana, 

Tennessee, and Utah 4,912 1,225 1,555 416 1,412 431 2,967 847 "64,702 1,757 

Total? "97,527 "17,505 1,821 497 "24,405 "7,461 "26,226 "7,958 "565,660 "11,711 

July-December — 

Florida and 

North Carolina 68,115 8,840 292 88 20,088 6,155 20,380 6,242 458,657 9,541 

Idaho, Montana, 

Tennessee, and Utah 4,626 1,145 1,785 473 1,426 442 3,211 916 58,479 1,486 

Total? 72,740 9,986 2,078 561 21,514 6,597 23,591 7,158 517,137 11,027 

Grand total? 170,268 27,490 3,899 1,058 45,919 14,058 49,817 15,116 1,084,022 XX 
"Revised. XX Not applicable. 

' Data for the same items appearing in this and other tables may not reconcile because of manual/computer rounding. 

2 Data may not add to totals shown because of independent rounding. 

3 Computer-calculated value based on the weighted sold or used value. 

* The total value is based on a weighted value. The total value does not equal the sum of the regional or 1/2-year totals because weighted regional or overall 1/2-year unit values were used in the calculations. 

The regional and 1/2-year values are approximate. 
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converted more phosphate rock to TABLE 3 
higher value intermediates or finished U.S. PHOSPHATE ROCK SOLD OR 
fertilizer. The emergence of phosphate _ USED GRADE DISTRIBUTION PATTERN 
fertilizer industries in developing coun- | | 
tries with domestic phosphate rock de- | Distribution (percentage) 
posits caused major changes in trade | 
patterns. Countries with indigenous Grade (percent | ‘Distribution | 
phosphate rock deposits like Jordan, | ppr' content) _Cercentagey 
Morocco, Senegal, and Tunisia estab- 1985? 1986 1987 1988 1989? 
lished fertilizer plants that competed in | 74 or more 2.9 4.5 3.4 2.0 0.8 

markets throughout the world. Phos- | 72 to less than 74 4.2 4.0 5.4 5.6. 7A 

phate rock imports, particularly ship- | 70 to less than 72 12.0 7.8 7.1 8.8 6.2 
ments from Morocco and Togo, to plants | 66 to less than 70 62.9 57.5 61.6 59.7 61.7 
on the Mississippi River increased in the | 6 to tess than 66 13.1 20.3 17.5 14.9 19.3 
last years of the decade to similar levels | [oo than 60 4.8 5.9 5.0 9.0 4.7 
that existed at the beginning of the de- Tot BPL (bone phosphate of me or ticalcium phosphatsy = 048% P,0,~OSOCOC<C ;CSCt 

cade. The resumption of substantial im- 2Data do not add to 100% because of independent rounding. “ 

ports was prompted by a need for higher 

quality phosphate rock than was avail- | 

able domestically to produce high purity 
| fertilizers. | . 

The balance of phosphate rock was TABLE 4 | 

consumed with silica and coke in elec- 
tric furnaces to produce elemental FLORIDA AND NORTH CAROLINA PHOSPHATE ROCK SOLD 

phosphorus. Elemental phosphorus was OR USED GRADE DISTRIBUTION PATTERN | 

used to produce high-purity phosphoric 
acid, salts, and phosphorus chemicals Distribution 
for industry and home consumption. | Grt@de (Percent (percentage) | 
These included detergents and cleaners, | BPE coment) 1985? 1986 1987 1988 1989 
chemicals for food and beverages, and | 74 or more 3.4 5.1 3.8 2.3 0.9 
metal-treating chemicals. tolessthan74 48 46 60 464 7.6 

The detergent builder, sodium tri- 7Otolessthan72....~+©»«24226~C~—ti‘i‘i‘;~X3W*~<C:;‘:;C‘ TC S!O~CBWC*~<;‘COC‘Cw‘#N 
polyphosphate, was the principal deriv- 6étolessthan70.. 659 4607 653 640 664 

ative of elemental phosphorus. The 60 to less than 66 12.8 20.6 17.3 14.4 18.9 
manufacture of thermal or furnace | AA ,WH__WH aa 
phosphoric acid accounted for 80% to Lessthan6000 

85% of U.S. elemental phosphorus | 31% 27 Coe ant ot a en Pe 
production. About 10% of the elemen- | 3 Less than 0.1 of 1%. 
tal phosphorus production was used to 
produce phosphorus pentasulfide, phos- 
phorus pentoxide, and phosphorus | acid, lower cost wet-process acid will 
trichloride. About 50% of the elemental | probably be the choice selected in the 
phosphorus produced was used to man- | future. 
ufacture sodium tripolyphosphate. 

The gradual decline in elemental | SSSSS—SSSSSSSSSSSS——SSSS 
phosphorus production and the quan- | STOCKS TABLE 5 

my of phosphate rock consumed TOOT TENNESSEE AND WESTERN 
electric furnaces during the past decade a STATES PHOSPHATE ROCK 
was caused by banning phosphates Phosphate rock was inventoried in SOLD OR USED GRADE 

from home laundry products in some | wet rock piles adjacent to the benefici- DISTRIBUTION PATTERN 

areas of the country. Several companies | ation plants in Florida and North 

decided to construct plants to produce | Carolina. The stocks were reclaimed ~ ——————————____—#§ 

higher quality, lower cost, wet-process | for drying or calcining for export or for | Grade (percent _Distribution (percentage) _ 
phosphorus acid purification plants | wet-grinding before wet-process phos- | _BPL content) 198719881989 
that would produce a purified acid to | phoric acid manufacture. Industry | 72 to less than 74 = _ 5.6 
replace thermal acid in food and deter- | stocks peaked in 1981 when about 20 | 70tolessthan72 9 3.500 125 6.1 
gent grade products. Thermal acid will | million tons was reported at yearend. | 66tolessthan70 33.9 29.8 28.6 | 
continue to be used by semiconductor | Since 1981, the phosphate rock inventory | 60 to less than 66 19.3 18.2 21.8 
manufacturers and in other ultrahigh- | tonnage declined each year, reaching 9.3 | [essthan60. 43.3 39.5 37.9 
purity markets. Where thermal acid | million tons in 1988. In the Western | 1; 9m ppx cone phosphate of lime or tricalcium phosphate) 
competes with purified wet-process | States, where the climate made it diffi- | =0.458% p,o.. 
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TABLE 6 

PHOSPHATE ROCK SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY GRADE AND REGION! 

| (Thousand metric tons and thousand dollars) 

Florida and North Carolina Tennessee and, Total | Western States | Grade (percent BPL” content) pon i -  s BO. : Rock conten t Value * * Rock content Value‘ > Rock con tent Value‘ * : 
January-June 1988 20,472 6,275 369,224 2,850 817 53,973 23,322 7,092 423,197 
July-December 1988 21,922 6,762 460,738 3,197 907 63,786 25,119 7,669 524,524 
January-June 1989: a 

74 or more “205 “70 "6,440 — — _ *205 “70 "6,440 | 
72 to less than 74 2,385 "796 "67,575 — — — —-¥ 2,385 "796 "67,575 | 
70 to less than 72 1,059 345 29,654 376 122 13,690 1,435 467 — 43,344 
66 to less than 70 13,635 4,194 270,008 889 275 26,831 14,524 4,469 296,839 
60 to less than 66 | "4,790 “1,358 “106,283 582 166 6,314 "3,372 “1,524 "112,597 
Below 60 — _ — 871 221 13,974 871 221 13,974 

Total® "22,074 "6,763 "479,960 2,718 784 60,809 "24,792 "7,547 "540,769 
July-December 1989: a | 

74 or more 189 66 5,332 — — — 189 66 5,332 | | 
72 to less than 74 894 300 28,489 346 116 12,776 1,240 416 41,265 
70 to less than 72 1,611 522 47,503 — — _ 1,611 522 47,503 
66 to less than 70 15,005 4,600 311,557 869 269 21,631 15,874 4,869 333,188 
60 to less than 66 | 3,357 934 79,153 757 213 9,237 4,114 1,147 88,390 
Below 60 — — — 1,459 370 16,006 1,459 370 16,006 

Total® 21,056 6,422 472,034 3,431 968 59,650 24,487 7,390 531,684 : 
"Revised. 

: 'Data for the same items appearing in this and other tables may not reconcile because of manual or computer rounding. 
21.0% BPL(bone phosphate of lime or tricalcium phosphate) = 0.458% POs. 

| 3 Includes Idaho, Montana, and Utah. 

*F.0.b. mine. 

>The total value is based on a weighted value. The total value does not equal the sum of the regional totals because weighted regional unit values were used in the calculations. The regional values are 

Data may not add to totals shown because of independent rounding. 

TABLE 7 

PHOSPHATE ROCK SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE! | 

(Thousand metric tons) 

1988 total a Use January-June July-December Total? 

Rock content ROK comment ROK oat Rock 20s 
Domestic: 3 | 

Wet-process phosphoric acid 36,721 11,083 “19,017 "5,732 18,914 5,662 37,931 11,394 
Normal superphosphate “840 "325 “384 "125 553 172 937 297 
Triple superphosphate "641 "159 "234 "77 176 60 410 137 | 
Defluorinated rock 66 22 — — — _ — — | 
Direct applications 1 (*) 2 1 1 — 3 1 2 
Elemental phosphorus 2,044 553 917 250 1,205 325 2,122 575 | 
Ferrophosphorus 36 9 18 4 19 5 37 9 
Total? 40,349 12,152 20,571 6,189 20,866 6,225 41,437 12,413 

Exports> 8,092 2,608 4,222 1,358 3,620 1,164 7,842 2,522 
Grand total? 48,441 14,760 24,793 7546 24,487 7,389, 49,280 14,935, 

" Revised. 

'Data for the same items appearing in this and other tables may not reconcile because of manual or computer rounding. 
2 Data may not add to totals shown because of independent rounding. 
3 Includes rock converted to products and exported. 
“Less than 1/2 unit. 
5 Exports reported to the Bureau of Mines by companies. 
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| : | | TABLE 8 | cult to unload frozen ore from trucks 

PHOSPHATE ROCK SOLD OR USED BY PRODUCERS or rail cars, ore was stockpiled near the 
IN THE UNITED STATES, BY USE AND REGION* electric furnaces and chemical plants to 

| permit year-round production. 

(Thousand metric tons) During 1989, stock levels were about 

| oe | 9.5 million tons in January, 10.9 million 

Florida and Tennessee and, Total? tons in June, and stabilized at about 11 

Use North Carolina Western States million tons for the balance of the year. 

(Rock F405, Rock Gites ROCK conte 
1988: | 42,395 13,036 6,047 1,723 48,441 14,760 TRANSPORTATION | 

1989: | So 

January-June: | . 

Domestic:* © | Phosphate rock was moved by rail 

Agricultural 17,943 5,434 1,693 501 19,636 '5,934 | from production centers in central and 

‘Industrial il 3 924 252 935 955 | north Florida to terminals on Hillsbor- 
sol C47, 984 73437 3617783 "20,571 6,189 | Ough Bay, FL and in Jacksonville, FL. 

Biors® 20406 .zm 1388 | Tea phosphate rock. from central 
___ Total? 22,074 6,763 2,719 __ 78) 24,23 _/3547 | Florida to Eastern Associated Termi- 

__July-December: nals Co., Rockport Phosphate Termi- 

| ___Domestic:* | nal, International Minerals & Chemical 

__ Agricultural 17,473 5,269 2,171 626 19,643 5,894 | Phosphate Terminal Co., and Agrico’s 

Industrial 34 10 1,190 320 1,223. 330 | Big Bend Terminal. Phosphate rock 

Subtotal 17,507 5,279 3,361 946 20,866 6,224 | was shipped in bulk carriers to ports 

Exports > 3,549 1,143 71 21 3,620 1,164 | around the world and barged from 

Total? 21,056 6,422 3,432 967 24,486 7,388 | Hillsborough Bay to chemical fertilizer 

Grand total? 43,130 13,185 6,151 “T,752 “49,279 74,935 | Plants on the Mississippi River. Freight, 

TRON loading, and weighing charges were 

Data for the same items appearing in this and other tables may not reconcile because of manual or computer rounding. components of the cost of transporting 

, Includes Idaho, Montana, and Utah. phosphate rock from mine to vessel in 
Data may not add to totals shown because of independent rounding. 

. . 

4 Includes rock converted to products and exported. 
central Florida. In 1974, the cumulative 

> Exports reported to the Bureau of Mines by companies. | cost was $2.20 per ton. By 1990, the 

| total cost increased to $6.98 per ton 

plus a Rockport Phosphate Terminal 

improvement charge of $0.36 per ton. 

Weighing charges were available at the 

| shipper’s request that reduced the cost 

TABLES from $0.22 per ton to about $0.02 per 

| 
ton for a 20,000 ton cargo. 

FLORIDA AND NORTH CAROLINA PHOSPHATE ROCK In north Florida, the Norfolk South- 

SOLD OR USED BY PRODUCERS ern Railroad transported phosphate rock 

from mine to vessel at Jacksonville, FL 

Rock P.O, Value ata total cost of $9.08 per ton. 

Year (thousand content Total2 Average Specially designed barges with a ca- 

metric tons) netic tons) (thousands) _ Per ton pacity of 2,431 tons moved phosphate 

Tr metrictonsy Cs mine | rock from the Lee Creek Mine to the 

1985 40,857,272 ——CC—s«(8972,74B_—S«8$23.81 | Morehead City Port Terminal. The 

1986 36,333 11,236 810,429 22.31 | barge’s capacity can move more than 

1987 38,692 11,891 765,061 19.77 15,400 tons every 3 days over the 93- 

1988 42,395 13,036 829,963 19.58 kilometer section of the intercoastal 

1989 43,129 13,184 951,995 22.07. | waterway. Self-unloading barges dis- 

' Data for the same items appearing in this or other tables may not reconcile because of manual or computer rounding. charged to conveyors for either direct 

* The total value is based on a weighted value. 
delivery toa traveling shiploader ortoa 

storage building. In Tennessee and the 

Western States, phosphate rock was 

moved by rail or truck from mine to 

beneficiation plant. Recently, two com- 

panies have installed slurry pipelines to 

convey concentrates to chemical fertil- 

izer plants. 
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TABLE 10 TABLE 12 

TENNESSEE AND WESTERN STATES! PHOSPHATE ROCK TIME-PRICE RELATIONSHIPS 
| ~ SOLD OR USED BY PRODUCERS? FOR PHOSPHATE ROCK‘ 
a (Dollars per metric ton) 

Value : 
Rock ont —_—o§_— A eS Year - (thousand Total? verage Actual Based on constant 

metric tons) (thousand h d per ton Year rices 1982 dollars : metric tons) (thousands) f.o.b. mine | ——————_Pmces. 1982 dollars 
—e———————— LS tanner . . . " 19854 NA NA | NA NA 7. ET Tee Tae 

AN 

° »! 

Tm 

e ] a 1987 4,981 | 1,395 80,751 16.21 19722. 52.0. 9 I 
e 1 . 1988 6,047 1,723 117,758 19.47 1973. 624.000 be 

I 
e i af - 1989 6,151 1,751 120,459 19.58 OO 

NA Ne <<< mn | 1974 12.10 22.41 NA Not available. See 
' Includes Idaho, Montana, and Utah. 1975 25.35 42.75 
Data for the same items appearing in this and other tables may not reconcile because of manual or computer rounding. 1976 21.26 33.69 
The total value is based on a weighted value. $$ eee 
“Data for Tennessee and Western States were reported separately in the 1985 Minerals Yearbook chapter. 1977 17.39 25.84 

| 1978 18.56 25.71 
| 1979 20.04 25.50 

PRICES | tively. The severance tax included in the | j9g9 22.78 6.58 
export price was $1.54 per ton. 1981 76.63 38.33 

. 1982 25.52 25.52 The price or value of phosphate rock 1983. 2397. 2307. 
was in i - SO-S EEE ae eEEEEEee wa obtai ed by semiannually survey- | FOREIGN TRADE 1984 33.99 30.97 
ing the industry to obtain domestic and | ——— "I 
export prices, f.o.b. mine, from each Export WBS ASD 
company in the United States. Price or | ~*POFS W986 22.250 ISS 
value was obtained for each grade of The United States was a net exporter | 1987 19.37 17.34 
phosphate rock produced by eachcom- | of phosphate rock in 1989. The de- | 1988 19.56 16.08 
pany. Weighted averages were calcu- | mand for phosphate rock was princi- | 1989 21.76 17.23 
lated for each grade and market. The pally tied to the demand of down- " Average annual U.S. producer domestic and export price, f.o.b 

_| average composite domestic and export | stream phosphate fertilizer industries. | mine. 
f.o.b. actual mine price, dollars per | India has, in past years, purchased 
ton, are shown in table 12. phosphoric acid from Morocco. In a 

The selling price of phosphate rock is | dispute over pricing, India stopped pur- | being absorbed by the export market, 
negotiated between the buyer and | chasing phosphoric acid and manufac- | plants operated in excess of 90% of 
seller. If exported from Tampa or Jack- | turing DAP. It chose instead to pur- | capacity in the United States. It is 
sonville, FL, the price included a | chase about 2.5 million tons of DAP, | probable that exported DAP will total 
freight, loading, and weighing cost of | which was, for the most part, supplied | about 8.3 million tons, the highest level 
$6.53 per ton and $8.82 per ton, respec- | by United States producers. In addi- | achieved in any prior year. 

tion, shipments of DAP to China were Exports of triple superphosphate de- 
2.3 million tons. With large volumes | clined for the fifth consecutive year to 

TABLE 11 

MARKETABLE PHOSPHATE TABLE 13 
ROCK YEAREND STOCKS 1 

- PHOSPHATE ROCK ESTIMATED EXPORT PRICES! PER METRIC 
(Million metric tons) TON, UNGROUND, F.O.B. VESSEL TAMPA RANGE OR 
ee JACKSONVILLE, FL, BY GRADE 

Year Quantity 

1980 13.7 
Grade (percent 3 4 5 206 1981 19.6 | BPL2 content) 1986 1987 1988 1989 a eee 

1982 18.3 75 $33.00 $32.00 $33.00 $38 .00 a20 eR BSD 882000 833.000‘ 838.00 
1983 14.5 72 31.00 29.00 31.00 35.50 
1984 11.9 70 27.00 27.50 28.00 32.00 aA OO T2800 382.0 
1985 15.5 68 25.50 24.00 26.00 31.00 SD POO 26.008. 
1986 13.3 ' Prices include severance taxes, rail freight costs from mine to port, and port loading and weighing charges. | 
1987 ©. 49.9 — 21.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P,Os. 

See 3 Estimated selling price including $2.51 severance tax. 

1988 ‘ 9.3 4 Estimated selling price including $2.46 severance tax. | 
1999 © 4Po” > Estimated selling price including $1.49 severance tax. 

eee ® Estimated selling price including $1.54 severance tax. 
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TABLE 14 | industry’s supply problem will persist, 

MOROCCAN PHOSPHATE ROCK EXPORT PRICES, U.S. DOLLARS _| ©Vercapacity in all phosphate commod- 

PER METRIC TON, F.A.S. SAFI OR CASABLANCA,” BY GRADE ity lines will probably remain with the 
industry in the near term. 

a 

orade vera) 1986 1987 1988 1989 
BPL content) 
Khouribga: Imports . 

to 45.00 42.00 45.00 49.00 Phosphate rock imports had reached | 

—soto7l8ODt~<“CSs=‘“Cst‘s~SSSNSSSC“‘CSOCOC*«*SCOOSC*«C«OO 071 36.00 34.00 38.00 42.00 levels of 500 to 900 tons from 1978-80 

Youssoufias : when a company imported phosphate 

Youssoufla; rock while developing its own mine 
74 to 75 40.50 39.50 45.00 49.00 Pie 

—~eteo  -«30.50S”*«=“‘i;*‘é#2L!”~*~*~«SOO!OO!O!O!O~ «7.00 From 1981 through 1985, imports de- 

68 to 69 OI | clined to a level of 9 to 34 thousand 
© Estimated. ° : 

11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. tons of low-fluorine material. Imports 
significantly increased to the 500 to 700 

thousand ton level from 1986 through 

the range of 700 to 900 thousand tons. | was attributed to converting more | 1989. High-quality and grade phos- 

Phosphate rock exports were 7.8 mil- | phosphate rock to higher value prod- | phate rock was imported to satisfy a 

lion tons, continuing the trend of grad- | ucts, intense competition from other demand for phosphate rock that was 

ually declining tonnages. After exports | producing countries offering high- unavailable domestically. It is probable 

peaked in 1979 at 14 million tons, | quality phosphate rock and positioned | that phosphate rock imports will in- 

phosphate rock exports declined, and | closer to markets than U.S. exporters, | crease in the future to plants in the 

except for a small improvement in | and the inability of U.S. companies to | United States located on water and with 

1983, the trend persisted in recent | export phosphate rock of competitive limited supplies of domestic high-grade 

years. The gradual loss of this market | grade and quality. Although the U.S. | and quality phosphate rock. 

TABLE 15 

PRICE OR VALUE OF FLORIDA AND NORTH CAROLINA PHOSPHATE ROCK, BY GRADE 

(Dollars per metric ton, f.0.b. mine) 

ce 
1988 1989 

G 1 pL ee 
ee 

rade (percent BPL” content) Domestic Export Average Domestic Export Average 

74 or more 29.40 30.51 30.15 27.70 38.63 29.87 

72 to less than 74 20.31 26.35 24.57 25.73 30.57 29.29 

70 to less than 72 25.97 27.30 26.92 25.04 29.47 28.90 

66 to less than 70 16.94 22.16 17.38 19.68 26.73 20.31 

60 to less than 66 18.67 18.59 18.66 22.83 20.82 22.76 

Less than 60 27.56 — 27.56 — — — 

Average 18.29 25.24 19.58 20.65 28.67 22.07 

11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 

TABLE 16 

PRICE OR VALUE OF TENNESSEE AND WESTERN STATES* PHOSPHATE ROCK, BY GRADE 

(Dollars per metric ton, f.o.b. mine) 

a 

Grade (percent BPL” content) ——————_—_. 1988 -———— 1989 
Domestic Export Average Domestic Export Average 

72 to less than 74 — — — 36.93 — 36.93 

70 to less than 72 36.38 — 36.38 36.38 — 36.38 

66 to less than 70 27.33 38.08 28.60 26.50 44.88 27.56 

60 to less than 66 10.53 — 10.53 10.02 40.00 11.61 

Less than 60 11.35 — 11.35 12.87 — 12.87 

Average 18.79 38.08 19.47 18.91 42.87 19.58 

' Includes Idaho, Montana, and Utah. 

21.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P Os. 
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TABLE 17 

PRICE OR VALUE OF U.S PHOSPHATE ROCK, BY GRADE 

(Dollars per metric ton, f.o.b. mine) 

Grade (percent BPL! content) —— I 
Domestic Export Average Domestic Export Average 

740rmore -— 29.40 30.51 30.15 27.70 38.63 29.87 
72 to less than 74 20.31 26.35 24.57 28.93 30.57 30.02 

70 to less than 72 30.45 27.30 28.60 30.99 29.47 29.83 

66 to less than 70 17.57 23.54 18.08 20.08 27.42 20.73 

60 to less than 66 17.33 18.59 17.43 21.05 24.61 21.19 
Less than 60 18.71 — 18.71 12.87 — 12.87 

Average 18.36 25.58 19.56 20.40 28.98 21.76 
1.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% POs. . 

WORLD REVIEW | 

Phosphate rock production was main- | 
tained at about 162 million tons. Produc- 
tion was maintained from existing mines 
and from reactivating several that were TABLE 18 
closed. Not only were no new mines 
producing in 1989, there were no an- U.S. EXPORTS OF GROUND PHOSPHATE ROCK, BY COUNTRY 

during the set Ta ed eet (Thousand metric tons and thousand dollars) 
. ’ 

demand for downstream products actu- (HTS No. 2510.20.0000) ' 
_ | ally increased, but producers oversup- 

plied the market in anticipation of an 8% 1988 1989 
to 10% growth rate after the drought of Country Quantity Value Quantity Value 
1988. The oversupply caused DAP prices Australia #8 383, §O 
to are? after the Indian market was Austria. 62 _ 
supplied. Dolch _ 

The United States share of world pro- Belghim Luxembourg 88 
duction of phosphate rock declined to Braz 131 7 

: about 30%. The world supply of phos- | 47894 1,186 165 
phate rock again exceeded demand al- | Fimland 85 — 
lowing only a modest increase in prices. | France 855 586 
The Four Corners Mine in central Flor- | Germany, Federal Republic of 542 211 
ida was restarted at the beginning of the | India 404 10 
year. The Wingate Creek Mine remained | Italy 194 17 
closed, and several other mines were | Japan 1,028 NA 1 NA 
scheduled to close in 1990 and 1991 as | Korea, Republicof. SM 1,361 1 
the deposits were mined out. | Mexico ~—O—=CSsSSSSS 519 46 

The principal producing countries IN | Netherlands SOOtC=CS 879 361 
decreasing order of production were the | ———___L___ 
United States, the U.S.S.R., Morocco, New Zealand 107 163 
China, Tunisia, Jordan, Brazil, Togo, | Philippines I — 
and the Republic of South Africa. No | Poland 342 — 
new mines were commissioned during | Romania 42 39 
the year. Production increases were | Sweden 151 
achieved from existing mines. Other 203 40 

Total? 8,092 206,984 1,645 57,708 
NA Not available. 

Industry Structure ‘in 1988, Schedule B No. 480.4500. | 

Ther € were no significant changes in Total auanity and value fob. mine reported to the Bone Minne i \ose includes ground and unground phosphate rock. Total 
the structure of the phosphate industr Y | quantity and value of ground phosphate rock in 1989 were reported by the Bureau of the Census. 
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TABLE 19 rock resource classification system was 

U.S. EXPORTS OF UNGROUND PHOSPHATE ROCK, BY COUNTRY _| Prepared to permit the differences to be 
analyzed. The principles of this classi- 

(Thousand metric tons and thousand dollars) | fication system were presented in US. 

(HTS No. 2510.10.0000)! Geological Survey Circular 831, pub- 

lished in 1981 and prepared by the U.S. 

>>. YN ————-_ | Geological Survey and the U.S. Bureau 
1988 1989 . eq: 

Country | so —_____—_————— | of Mines to facilitate the assessment of 

Quantity” Value Quantity _Value_ national phosphate rock resources. The 

Australia 383 282, criteria developed relate as much as 

Austria 62 32 possible to current industrial practice. 
Belgium-Luxembourg 388 294 Because industry practices vary from 

Brazil 151 — mine to mine, parameter limits will 

Canada 1,186 766 vary, and tradeoffs are possible. The 

Finland 85 37 criteria are guidelines that may be re- | © 

| France 855 92 placed for specific deposits. 

Germany, Federal Republic of __ 542 353 _ AS high-grade phosphate rock depos- 

Inia sst—<‘C™;O~!;!;! 404 420 its are depleted, it is probable that 

lay 194 88 technology will change to permit the 

jJaaast=<“CSCti‘it 1,028 NA 790 na | Mining and processing of lower quality 

eae TEEPE EEE aE phosphate rock. If favorable economics 

Korea, Republic of 1,361 1,267 permit, this could change the classifi- 
Mexico 519 610 cation criteria for the resource classes. 

Netherlands 872 662 The classification system was based | 

New Zealand 107 42 on the degree of geologic assurance and 

Philippines | 1 — the feasibility of economic recovery. 

Poland 542 | 631 Phosphate rock resources were classi- 

Romania 42 _ fied as identified or undiscovered. The 

Sweden... 151 196 varying degrees of geologic certainty 

Othr 303 | 117 were expressed as proved, probable, 

“Tol? tS B08 206,984 46,678 331,282 and possible. Resources can be classi- 

NO TS fied according to their degree of eco- 

In 1988, Schedule B No. 480.4500. nomic feasibility. These include eco- 

Individual country exports furnished by Bureau of the Census will not add to totals. nomic, marginally economic, and 

3 Total quantity and value, f.o.b. mine reported to the Bureau of Mines in 1988 includes ground and unground phosphate rock. Total sub ec onomic resources. 

quantity and value in 1989 were reported by the Bureau of the Census. . 

4 Data do not add to total because of independent rounding. Phosphate economic resources may 

be profitably extracted and produced 

| under defined investment assumptions 

that are established or assumed with 
reasonable certainty. Phosphate re- 

other than ownership changes in the | nessmen. It appears, however, that | serves are that part of the demonstrated 

United States. the differences between estimates, if | resource that can be profitably ex- 

made with integrity, were frequently | tracted or produced at the time of 

caused by what was being estimated | determination. 

Capacity rather than how much was there. Dif- The phosphate reserve base is defined 

The estimates of phosphate rock pro- | ferences may relate to potential avail- | as that part of an identified phosphate 

duction capacity as shown in the ac- | ability or currently available phosphate | resource that meets specified minimum 

companying table were not signifi- | rock. Differences may be found in | physical and chemical criteria relating to 

cantly changed from those of 1988. | areas treated, in price assumptions or | current mining and production practices, 

With an excess of capacity, there was | mining and beneficiation technology, | including those for grade, quality, thick- 

no incentive to increase capacity. in the quality of phosphate rock for | ness, and depth. The reserve base is the 

different purposes, in the geologic as- | in-place demonstrated resource from 

surance of existence or measurement, | which reserves are estimated. It may in- 

Reserves in the data used for estimates, and | clude those parts of the resource that 

The availability of phosphate re- | finally, inthe methodology of assessing | have a reasonable potential for becoming 

sources to support domestic fertilizer | the resource. economically available within planning 

production for the U.S. agricultural Difficulties in producing compatible | horizons beyond those that assume 

sector and export demand has been | phosphate rock resource estimates also | proven technology and current econom- 

questioned for a number of years. Both | occur because of imprecise and confus- | ics. Tables 28 and 29 show the United 

pessimistic and optimistic estimates | ing technical language. To eliminate the | States and world phosphate reserves and 

have been made by scientists and busi- | confusion, a sedimentary phosphate | reserve base estimates. 
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U.S. EXPORTS OF SUPERPHOSPHATES, TTL 
MORE THAN 40% P,.0;, BY COUNTRY | 

| Mine production plans offer a rea- 
(Thousand metric tons and thousand dollars) sonable guideline on what to expect 

(HTS No. 3103.10.0020) ! from phosphate rock mines in future 
| | years. It is probably the most reliable 

oes dq method of forecasting future supply. 
Country eS ——_—__—————_, | However the industry responded to de- 

Quantity Value” Quantity Value" | mand in 1989 and produced about 2 
Argentina 3 8 million tons more than was planned. 
Australia () 56 Based on producer’s plans, phosphate 
Bangladesh 205 102 rock production estimates were 48, 48, 
Belgium-Luxembourg — | — 49, 53, 53, and 54 million tons in 1990, 
Brazil ; 78 2 1991, 1992, 1993, 1994, and 1995, re- 

Bulgaria | — ff — spectively. It is probable that this sup- 
Burma 40 f _ ply scenario will be followed. During 
Canadati(‘:éSO™O™~;~;~;~™ 148 _ _ | this period, some mines will deplete 
Chile ©. 20% — 110 and close, others will be reactivated or 
Colombia.S—=<C~Ssti<CSt 3 8 remain closed. 
CostaRiia 10 . NA Hl NA In 1988, the Bureau of Mines con- 
a ___ tracted with Wharton Econometric 
Czechoslovakia — | — Forecasting Associates to develop a 
Dominican Republic 11 2 model for projecting long-term and 
Germany, Federal Republic of — 67 short-term demand for primary fertil- 

Japan ) 57 48 izer nutrients and raw materials. The 
Mexico — — demand estimates were based on pro- 

Pakistan . 17 — jected trends in world population, har- 
Peru | 25 | aS] vests of major crops, harvested area, 
ne 15 | _ and fertilizer application rates. The re- 

Umguay SOS 4 | 6 port concluded that North American 
Othr 85 16 phosphate rock demand will depend on 

TT ——_ —— ——— | North American phosphate rock pro- 

SS duction and demand for phosphates. 

‘In 1988, Schedule B No. 480.7050. . Between 1975 and 1980, phosphate 
2 all values f.a.s. rock demand increased by 6% annu- 
* Less than 1/2 unit. ally, reaching 38.4 million tons in 1980. 
Source: Bureau of the Census. However, since 1980, phosphate rock 

demand declined to 33.9 million tons, 
an average decline of 1.7% per year. 

Because North American phosphate 
fertilizer demand is projected to in- 

TABLE 21 crease by 20% and world phosphate 
U.S. EXPORTS OF SUPERPHOSPHATES, fertilizer demand is projected to in- 
LESS THAN 40% P,0,, BY COUNTRY crease by 16% through 1995, North 

(HTS No. 3103.10.0010)! American phosphate rock demand will 
increase to 41 million tons in 1995. 

S$): mm | Based on this supply-demand analysis, 
BB BF phosphate rock supply will exceed de- 

Country Quantity Value? Quantity Value 2 mand in 1995. 
(metric tons) (thousands) (metric tons) (thousands) 

Canada 18,868 NA 3,312 

Ecuador — — 2,983 B ACKGROUND 

Spain — — 6,026 NA Si 

Uruguay — — 4,012 

Other 4,302 NA 776 The United States phosphate rock 
Total 23,170 NA 17,109 $2,484 industry entered the 1980 decade by 

NA Not available. producing a record 54.4 million metric 
210 1988, Schedule B No 480.7030. tons in 1980, and the outlook for the 
source: B aot nec decade was highly optimistic for the 

Oe NES mining industry. The U.S. agriculture 
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sector drove the demand for phosphate TABLE 22 

fertilizers to feed an expanding world U.S. EXPORTS OF DIAMMONIUM PHOSPHATES, BY COUNTRY 
population. Farm land prices increased | , 

. as more acreage was planted. Phos- (Thousand metric tons and thousand dollars) 

phate mining company representatives HTS No. 3105.30.0000)! 
forecasted substantial new phosphate ~ 
mining capacity to be developed in the so t0988 gS 
southern extension of the Bone Valley Country Quan Walue? Ouantity. Value? 
Formation in central Florida. Quantity Nate Quantity Value” 

At the end of 1980, President Carter | “7emtma_ 92 80 | 
embargoed grain shipments and phos- | Australia. 133 | 246 

| phates to the U.S.S.R. to retaliate for | Belgium-Luxembourg 332 \. 463 
the U.S.S.R.’s invasion of Afghani- | Brazil 60 12 
stan. By 1982, demand for farm prod- | Canada 256 614 

ucts weakened, and demand for phos- | Chile 90 78 
phate fertilizers declined substantially | China 1,778 2,337 
in the domestic and export markets. | Goiombia tt—<CS~S 160 104 
During the economic downturn in| GjjaRia 29 | 19 
1982, several phosphate rock mines Dominican Reoublie SC 

ominican Republic 27 43 
were closed or operated at reduced lev- | 227 | 
els. Annual phosphate rock production Ecuador 35 26 
declined to 37.4 million tons. The in- | F@™ce 99 *4 
dustry began recovering in 1983 with | Germany, Federal Republic of 31 34 
the implementation of the Govern- | Guatemala 98 6 
ment’s “payment-in-kind” program to | India 582 NA 2,255 NA 
attempt to reduce grain inventories and | Iran 293 128 

stimulate demand. In the eastern | Ireland 21 45 
United States, unfavorable economic | Italy 149 116 
conditions, environmental concerns, | Jaan . 396 367 | 
and political attitudes virtually ensured Kenya 54 74 
that no new phosphate rock mines Maico 

. exico 22 51 
would be developed during the rest of | ————-—-__ 
the decade. New Zealand 23 30 

Although the phosphate mining in- | Pakistam 376 33 
dustry increased production through | PM 31 30 
1985, the depressed state of the U.S. | Spain 102 90 
agriculture sector limited demand. The | Thailand 46 88 
export market helped the industry sur- | Turkey 201 268 

vive; however, mines and plants were | Uruguay 34 31 
temporarily closed, some merged, and | Venezuela 45 100 
some closed to reduce inventories and | Yugoslavia CS 39 52 
bring about a supply-demand balance. | one 2 2 0SSOtCStstStwS 101 419 
The recession in the phosphate rock “ToalssSs=<“‘=‘s=‘s‘“‘CiCtCtititt”*~<CS«~*tS CS 1,081,048 3,293 1,465,749 

mining industry appeared to abate by | ———___lll 
1985 when production reached 50.8 | ‘in oss. schedwe B No. 480.8005. 
million tons. However, in 1986 the | 7Ail values fa.s. 
phosphate rock mining industry pro- | Source: Bureau of the Census. 
duced only 40.3 million tons as demand 
remained suppressed. Inventories were 
controlled by plant closings and re- | when 49.8 million tons was produced. | exported 7.8 million tons, imported 
duced operating schedules. Employ- | Although some forecasters expected de- | 705,000 tons, and consumed an appar- 
ment declined as the industry at- | mand for phosphate fertilizers to exceed | ent 42.1 million tons. A summary of 
tempted to minimize losses. Production | the 51 million tons consumed, produc- | the industry’s production plans indi- 
stabilized as 41.0 million tons was pro- | tion and consumption gains over those | cated that it would produce 48 million 
duced in 1987. The demand for phos- | of 1988 were modified by continuation | tons in 1989 or about 4% less than the 
phate fertilizers improved in early 1988, | of the drought in some areas and exces- | 49.8 million tons actually produced. 
but the drought of 1988 reduced phos- | sive moisture in other areas. The export U.S. production of elemental phos- 

phate fertilizer consumption. Production | demand for manufactured fertilizers ex- | phorus produced from electric furnaces 
rose to 45.4 million tons. The recession- | ceeded those of prior years, a windfall | reached 565 thousand tons in 1969 and 
ary decade of the 1980’s ended for the | that was not expected to reoccur in 1990. | has gradually declined since that time. 
phosphate rock mining industry in 1989 The phosphate rock mining industry | By 1988, production had leveled off at 
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TABLE 23 acid appears probable in North Amer- 
U.S. EXPORTS OF MONOAMMONIUM PHOSPHATES, BY COUNTRY | ica to reduce costs and minimize the 

impact on the environment. 
(Thousand metric tons and thousand dollars) 

(HTS No. 3105.40.0000)! Definitions | 
| In Florida and North Carolina, the 

| phosphate ore zone or bed is called the 1988 1989 : . . Country Quantity Value? Quantity Value? matrix. The industry practice in Flor- 
OST one | ida, North Carolina, and Tennessee is | 

Argentina 3 | 6 to express production and reserves in | | 
Australia 28 88 terms of concentrated product. Chem- 
Belgium-Luxembourg 11 10 ical analysis of the product may be 
Brazil 49 3 reported as percent P,O, or tricalcium 
Canada 359 240 phosphate, Ca,(PO,),, also referred to 
Chile 1 5 as bone phosphate of lime (BPL). 
China 52 56 The phosphate content or grade of 
Colombia 40 | | 35 phosphate rock is normally reported as 
CostaRica. tS _ _ percent P,O,, determined by chemical 
Dominican Republic _ _ analysis. It may also be expressed as 
oo percent BPL, reminiscent of the time Ecuador 3 3 . —_ SS when bones composed the principal 
France _ — source of phosphate in fertilizer manu- 
Guatemala 33 A facture (percent BPL = 2.1853 x per- 
Hungary 10 29 cent P,O.). It is the basis on which 
India — NA — NA | phosphate rock is sold, almost always 
Ireland — — as a beneficiated concentrate. 
Italy 96 , 61 The chemical analysis of pebble, the 
Japan 82 121 plus 16-mesh washer product, and the 1 
Kenya (tsti(‘isS _ — _ |- millimeter by 0.1 millimeter flotation 
Mexico. _ a i concentrates, ranges from 25 "%o to 34% 
New Zealand 4 5 P.O, in Florida mines. Of interest is 
Pakistan _ | _ the percent P,O,, or percent BPL, and 
— the CaO, Fe,0,;, Al,O;, and MgO con- 
Peo — _ tent. For phosphoric acid and DAP 
Saudi Arabia 46 62 phosphate manufacture, a phosphate 
Spain 5 — rock product with a ratio of Fe,O, + 
Thailand 10 27 = Al,O; + MgO to P.O, less than 0.1 is 
Turkey — — preferred. This product specification can 
Uruguay 3 2 be achieved more easily from deposits in 
Venezuela 3 31 the Bone Valley Formation of central 
Othr | 24 12 | Florida than from deposits in the south- 
Total sss””~<CS~SststststststS BB 159,691 309 142,515 | mm extension of the Bone Valley Forma- 

NANot available. KK <=—=—=——=_ | C19 in SOUth-central Florida. 
'In 1988, Schedule B No. 480.8005. North Carolina phosphate rock con- 
* All values f.a.s. . centrated by single anionic flotation Data do not add to total shown because of independent rounding. an aly zes about 28% P.O, and contains 

Source: Bureau of the Census. some free silica, which is not particu- 
larly detrimental to phosphoric acid 
production. North Carolina phosphate 

about 320 thousand tons per year. The Several processes have been devel- | rock, because of its high level of or- 
drop in production was attributed to | oped to purify wet process phosphoric | ganic matter and other composition 
restrictions on the use of phosphate | acid to an acceptable level for some variations, is lower in grade than Flor- 
detergents in an attempt to reduce en- | applications normally served by phos- | ida rock. The organic matter may be 
vironmental damage to receiving wa- | phoric acid produced by the thermal | burned off by calcining at 790° C to 
ters. About 85% of U.S. elemental | process. The purified wet-process phos- | 820° C. Single flotation calcined rock 
phosphorus production was converted | phoric acid can be used in the produc- | of about 65% to 66% BPL (30% P.O.) 
into thermal or furnace-grade phos- | tion of high-purity products for indus- | is produced for captive phosphoric acid 
phoric acid. About 50% of the phos- | trial cleaning markets. Thermal acid | manufacture. It produces high-quality 
phoric acid was used to produce so- | will probably continue to be used in acid, but the capacity of the phospho- 
dium tripolyphosphate, the detergent | electronic applications. A shift to pro- | ric acid plant may be reduced by lower 
builder. duction of more purified phosphoric | filtering rates. Two-stage flotation cal- 
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| _.. TABLE 24 | ‘uct from the beneficiation plant was 

«US. EXPORTS OF PHOSPHORIC ACID, normally calcined to reduce the hydro- 
: LESS THAN 65% P,O,, BY COUNTRY carbon content before shipment to a 

chemical plant. To meet the demands 

. (Thousand metric tons and thousand dollars) of fertilizer plants and electric fur- 

a . | (HTS No. 2809.20.0010)! naces, western phosphate rock is clas- 

| , sified as + 31% P.O, acid or fertilizer 

a SG grade; 24% to 31% P,O,; furnace 

Country | —————___—_—_—_———_,; —_______—_———— | grade; 18% to 24% P.O; beneficiation 

Quantity Value” Quantity Naive" | grade; and 10% to 18% P,O; low- 
Australia 31 | 49 grade shale. Acid-grade rock was used | __ 

Canada 2 12 directly in fertilizer plants, furnace- 

Colombia 13° 34 grade rock was charged to electric fur- 

India - . 233 NA — 455 NA | naces, beneficiation-grade rock was up- 

Indonesia a 22 | — graded to acid grade or furnace feed, | 

Japan 20 19 and low-grade shales were stockpiled 

Venezuela 75 110 for possible future use. | 

Other — 38 24 | 

Tol Ba 74,998 703 104,074 Products for Trade and Industry 

Ta Phosphate rock was the raw material 

ln 1988, Schedule B No. 480.7015. 8 : used to manufacture phosphate fertil- 

2 All values f.a.s. : izer, animal feed supplements, and in- 

Source: Bureau of the Census. dustrial chemicals. 

: Manufactured fertilizers, or com- 

| mercial fertilizers, contained one or | 

| | TABLE 25 more essential plant nutrients and were 

- U.S. EXPORTS OF ELEMENTAL PHOSPHORUS, BY COUNTRY differentiated from green cover crops, 
farm manure, and ashes that also qual- 

| (HTS No. 2804.70.0000)' | ify under the definition of fertilizer, 

_ i.e., to make farming more productive. 

: 1988 1989 The primary plant nutrients are nitrogen, 

Country 7 Quantity Value? Quantity Value2 phosphorus, and potassium. Unfortu- 

(metric tons) (thousands) (metric tons) (thousands) | nately, the phosphate mineral is very 

Brazil — 690 $1,348 434 $933 insoluble and, therefore, a poor source 

Canada 11 14 | 38 60 of phosphorus for plants. For this rea- 

Japan” 8,543 12,628 9,758 15,118 son, phosphate rock is treated with an 

Korea, Republic of 3.076 4,486 1,746 2,863 excess of sulfuric acid to produce 

Mexico. 5.302 7407 7980 8 856 merchant-grade, wet-process phosphoric 

—— a acid that contains 52% to 54% P,O, 
Taiwan 4 26 9 21 . . 

2 after water evaporation. It is used to make 

Other id OG __ 1,630 __ 69 ____443 | the monoammonium phosphate and DAP 

Total 1864227539 1998428294 ‘fertilizers and liquid mixed fertilizers. 

| In 1988, Schedule B No. 415.3500. Furnace-grade phosphoric acid is pro- 
All values f.a.s. 

° . 

Source: Bureau of the Census. duced by smelting phospha te rock with 

/ fine free coke and silica in an electric 

furnace. Elemental phosphorus offgas is 

collected underwater. It is burned and 

cined rock analyzes about 72% BPL | tric furnaces. The silica and calcium | converted to a relatively pure phosphoric 

(33% P,O,) and is sold in the phos- | constituents combine to produce a | acid that is used principally in the deter- 

phate rock market or converted to clear | fluid slag, the carbon oxidizes to car- | gent and food industries. 

phosphoric acid. bon monoxide gas, and volatilized ele- Superphosphoric acid is produced by 

Phosphate ore mined in Tennessee | mental phosphorus is conducted out of | concentrating merchant-grade acid to 

was washed and classified to produce a | the furnace, condensed in cooling tow- | 68% or 72% POs. It contains polyphos- 

sand sized product ranging from 0.044 | ers with water sprays, and collected | phates rather than orthophosphates, has 

to 6.35 millimeters. Washer feed ranges | under water. The slag and a ferrophos- | the advantage of higher solubility, and 

from 18% to 25% P,O,, and the sand- | phorus byproduct are tapped periodi- | can dissolve more impurities when mak- 

size product contains 23% to 32% | cally from the furnace. | ing liquid fertilizers. 

P,O,. All of the sand-size product was Most Western U.S. phosphate ore Triple superphosphate is produced by 

agglomerated and blended with pro- | was beneficiated by crushing, washing, treating phosphate rock with phosphoric 

portioned quantities of sized coke and | classifying, and drying. Several mines acid. The product has 44% to 46% P,0, 

quartz pebble before smelting in elec- | also used a flotation circuit. The prod- | and is manufactured in granular or pow- 
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TABLE 26 | 

U.S. IMPORTS FOR CONSUMPTION OF PHOSPHATE ROCK AND PHOSPHATE MATERIALS 

(Thousand metric tons and thousand dollars) . 

a ee 
| ; 1988 1989 Phosphatic materials HTS NO. Quantity ~~”~*Vailue? Quantity Value? 

Natural calcium? phosphates unground 2510.10.0000 "676 *26,310 705 29,878 

Natural calcium? phosphates ground ~ 2510.20.0000 — — (*) 254 

Dicalcium phosphate 2835.25 .0000 "2 2,688 76 43,184 

Phosphorus 2804.70.0000 18 24,837 — — 

Normal superphosphate 3103.10.0010 (4 69 1 286 

Triple superphosphate | 3103.10.0020 | 105 17,271 (4) 22 
Diammonium phosphate | 3105.30.0000 | 10 *2,430 14 3,903 

Fertilizer containing nitrates and phosphates 3105.51.0000 NA NA 18 2,736 

Phosphoric acid 2809.20.0010 1 "107 (*) 21 
"Revised. NA Not available. . 
' Harmonized tariff schedule of the United States. 7 

* Declared c.i.f values. 

3 Excludes reported imports from Canada and Israel. . 
4 Less than 1/2 unit. 

Source: Bureau of the Census. 

dered form. Tunisia, Jordan, Brazil, and Israel. | Phosphoria, and Four Corners Mines. 
Normal or ordinary superphosphate | Thirty-four countries reported producing | The Lonesome Mine _ beneficiation 

was for many years the leading commer- | phosphate rock in 1989. World produc- | plant was idle during the year. Mobil 
cial fertilizer because of its ease of man- | tion was an estimated 162 million tons. | reactivated the Nichols Mine in 1989 
ufacture; pulverized phosphate rock was In the United States, phosphate rock ; and planned to reopen the Big Four 
mixed with sulfuric acid and cured. The | was mined in Florida, Idaho, Montana, | Mine in 1990 to coincide with closing 
popularity of this fertilizer declined be- | North Carolina, Tennessee, and Utah. | the Fort Meade Mine. The South Fort 
cause of its relatively low, 18% to 20% | In central Florida, 8 companies oper- | Meade deposit was projected to start 
P,O., analysis. ated 14 mines that produced phosphate | producing in 1995 after the Big Four 
Ammonium phosphate is made by | rock from the Bone Valley Formation. | Mine was depleted. USX Agri- 

treating phosphoric acid with ammo- | Agrico operated the Payne Creek and | Chemical Div. was purchased by 
nia. The most popular ammonium | Fort Green Mines. CF Industries pro- | Sinochem U.S.A. Inc., was renamed 
phosphate product contains 18% nitro- | duced phosphate rock from its Hardee | U.S. Agri-Chemical Corp., and contin- 
gen and 46% P.O, (18-46-O) and is | Complex Mine in Hardee County on a | ued to mine the Rockland Mine. Nu- 
commonly called DAP. Other ammo- | reduced operating schedule. Estech | Gulf did not operate the Wingate Creek 
nium phosphate product compositions | Inc. produced phosphate rock from its | Mine, and it was reported for sale. 
are 16-48-O, 11-48-O, and 12-52-0. Silver City Mine and planned to pro- | Occidental operated the Suwannee 

Nitrophosphates are produced by re- | duce in 1990 until the reserve was de- | River and Swift Creek Mines in north 
acting nitric acid with phosphate rock | pleted. C&G Holdings own the Silver | Florida to produce superphosphoric 
to produce a 14% to 22% nitrogen, | City Mine. Gardinier, operated its Fort | acid for export to the U.S.S.R. 
10% to 22% P.,O.,, fertilizer. Meade Mine in Polk County. Seminole In its 1988 annual report, Elf Aquita- 
Phosphorus products used to supple- | purchased the assets of W. R. Grace & | ine published that Texasgulf produced 

ment animal feeds include diammonium | Co. in Florida and sold the company to | 4.9 million tons of phosphate rock in 
and monoammonium phosphates, | Tosco Corp. in 1989. The company | that year. Texasgulf installed bucket- 
monohydrate and anhydrous monocal- | operated the Hookers Prairie Mine. | wheel excavators to strip overburden in 
cium phosphate, dihydrate and anhy- | Hopewell Land Partners Ltd. sold its | 1989. | 
drous dicalcium phosphate, tricalcium | mine to IMC. IMC will recover about The remaining phosphate companies 
phosphate, phosphoric acid, a number | 10 million tons of phosphate rock from | in Tennessee, Occidental Chemical 
of sodium phosphates, sodium tripoly- | its Hopewell Mine. IMC reopened its | Corp., Columbia, TN, and Rhone- 
phosphate, and trisodium phosphate. Four Corners Mine in central Florida | Poulenc (formerly Stauffer Chemical 

and planned to pump matrix from its | Co.), Mt. Pleasant, TN, mined phos- 
Lonesome deposit in southeast Hills- | phate rock from Giles, Williamson, 

Industry Structure borough County to Four Corners in | and Maury Counties. After sizing and 
The principal phosphate rock-pro- | 1990. IMC closed the Haynsworth agglomeration, the phosphate rock was 

ducing countries in the world in order of | Mine, purchased the Hopewell Mine, | smelted in electric furnaces to produce 
decreasing production were the United | and produced phosphate rock from | elemental phosphorus. 
States, the U.S.S.R., Morocco, China, | Clear Springs, Kingsford, Noralyn/ In Idaho, Rhone-Poulenc produced 
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TABLE 27 furnaces. J. R. Simplot operated the TABLE 28 

WORLD PHOSPHATE ROCK Gay and Smoky Canyon Mines. A U.S. PHOSPHATE ROCK 
ANNUAL PRODUCTION slurry pipeline from the Conda Mine to | RESERVE AND RESERVE BASE 

CAPACITY, DECEMBER 31, 1989 | Conda, ID, will be extended to Poca- ESTIMATES 
RATED CAPACITY! tello to replace the railroad system. - | 

| Reserves of the Gay Mine on the Fort (Million metric tons) 

| (Million metric tons per year) Hall Indian Reservation will permit the 

a s|smiine ‘to produce through 1994. There- State Reserves! Reserve 

Country Capacity | after, production will be increased at base 

North America: Smoky Canyon to supply J. R. Sim- | Florida 750 2,540 

Mexico | 1.0 -| plot’s fertilizer plant demand, and | Idaho 90 160 

United States ti (iti‘it~t*s 60.0 | FMC Corp. will develop a new mine in | Montana 1 dl 

Toul S—~COSS 681. | Dr Valley to supply phosphate rock to | North Carolina 390 790 
SouthAmericaS~=<CSst~<CSsts<CSTOL its Pocatello, ID, electric furnaces. Tennessee 6 10 

Europe SSO —— Chevron produced phosphate rock Utwh ~~ _ 730 |. 

OO __— concentrates from its Vernal, UT, mine. Wyoming _ 210 

USSR 36.0 The concentrates were pumped to Rock ee —— —— 

Other —t—<“<—~‘“‘“‘=*dLC | SSprings, WY, for conversion to phos- Total 

_Tol 37.0 | phoric acid and DAP. | sph rock resem con ha $e on 
Africa: Cominco installed a new beneficia- | applicable), miscellaneous costs, and a 15% rate of return on 

Algeria 2.3 tion and drying plant to process phos- investments. Costs and resources are as of Jan. 1989, f.o.b. mine. 

--ererr om ° . Reserve base at a cost less than $100 per ton f.o.b. mine. Costs 

Morocco/Sahara 32.0 | phate ore from its underground mine | are as defined in footnote 1. | : 

Senegal 2.1 near Garrison, MT in 1988 and ex- | ’Data may not add to totals shown because of independent 

South Africa, Republic of 4.7 ported to Canada in 1989. rounding. | 

2 oo Tariffs and Taxes 

One 12 Phosphate rock and phosphate fertil- | of a commercial plant to determine 

Se __-“_ | izers were imported duty free. The | recoveries, quality, and product grade. 

__ Toad >> phosphate industry was subject to the | Stripping overburden and mining ma- 

Asis usual local, State, and Federal taxes. In | trix was accomplished with electric 

China 19.0 | addition, a severance tax of $1.35 per | walking draglines with 32-cubic-meter 

Israel 4.0 | metric ton ($1.49 per short ton) was | or larger buckets on 68 meter booms. 

Jordan 8.0 applied in Florida in 1989; 2% of the | Mining cuts, after overburden was pro- 

Korea, North 1.0 net value in Idaho, and $25 plus 0.5% | gressively stripped, were 900 meters in 

Vietnam } 1.0 of the gross value over $5,000 in Mon- | length and 90-meters wide. Pumps were 

 Othr 1.0 | tana was assessed. A history of the | used to prevent the pits from flooding. 

Tol Ot=<Cs=Sti‘_ 34.9. | Severance tax in Florida indicates the | The dragline fed matrix to a sump 

Ocanias ——=— / tax rose from $0.102 per ton in 1971 to | where water monitors operating at a 

oo a peak of $2.52 per ton in 1985. The | pressure of 17 kilograms per square 
Australia 1.0 . . . . . 

CEE Florida severance tax is currently based | centimeter slurried the matrix. It was 

_Naury 20 _ | on $1.35 per ton at point of severance, | pumped in 900-meter stages in steel 

__ Total C—t—“‘;:C*é‘~C_3-O | ther. wass adjusted with the Producers | pipe to the washing plant. 

World total 200.5__ | Price Index to $1.54 per ton in 1989. Washing plants were designed to size 
' Includes capacities of operating plants, as well as plants on the material pumped to them. Trommel 

stand-by basis Technology screens were frequently used to scrub 
Production of phosphate rock was | the phosphate from the sand and clay 

similar in each of the 14 operating | matrix and reject material over 19 mil- 

phosphate rock from its Wooley Valley | mines in Florida. The phosphorus- limeters. The trommel undersize was 

Mine for shipment to its electric fur- | containing component in the matrix is screened at 14 mesh. The 19 millimeter 

nace plant at Silver Bow, MT. Rhéne- | apatite, a calcium phosphate contain- | by 14-mesh material was further washed 

Poulenc is planning a purified wet- | ing varying amounts of carbonates and | on screens and log washers to liberate the 

process plant at Geismar, LA, to | fluorides. The phosphate bearing ma- | phosphate mineral. Minus 14 mesh ma- 

increase its capacity of high-purity | trix varies from 1.5 to 6.1 meters in | terial reported to cyclones. The separated 

phosphoric acid. The Conda Partner- | thickness under an overburden of sand, | cyclone overflow, minus 150-mesh colloi- 

ship mined the Mountain Fuel and | clay, anda leach zone. The total over- | dal material, was pumped to settling 

Maybie Canyon deposits. The phos- | burden thickness, including the leach | ponds. The flotation process was used to 

phate rock was used in Nu West’s | zone, ranges from 5.6 to 8.6 meters. separate the sand from the phosphate 

fertilizer plant at Conda, ID. Mon- Mine planning was accomplished by | mineral. The flotation feed was condi- 

santo mined phosphate rock from its | taking core samples and processing the | tioned with fatty acids to create a hydro- 

Enoch Valley Mine and smelted the | cores through bench-scale washing and | phobic surface, and the phosphate min- 

rock in its Soda Springs, ID, electric | flotation procedures, similar to those | eral was floated to produce a rougher 
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concentrate. The rougher concentrate TABLE 290 

was treated with sulphuric acid to strip WORLD PHOSPHATE ROCK RESERVE AND RESERVE BASE 
the fatty acids. An amine flotation cir- 
cuit was used to float carryover sand, (Million metric tons) 
and the phosphate mineral was de- | 

| pressed. Flotation concentrates were con- | Number of Reserves! Reserve 
veyed into silos for dewatering and|_ ss C—C—“—‘“‘(CC‘“(’R’N’N#WN:SN SECposts ase 
loaded into railroad cars for export or a | North America: 
fertilizer plant. The beneficiation plants’ Canada 1 50 50 

products, pebble and concentrate, were Mexico 2 10 110 

used in Florida chemical fertilizer plants United States | 94 1,230 — 4,440 
or barged to fertilizer plants on the Mis- | toral—s tt ti ( téi(‘<~;:;St~S™” 7 1,290 4,600 

sISSIppI River. South America: t—C<CststCSsS —_—= —_— — 

Sulfur, either recovered or Frasch, Bail il 330 370 
was received from heated ships at Colombia \ _ 100 
Tampa terminals or receiving terminals | —<70™"** ——________ | 
on the Mississippi River. In Florida, | Pet I 310 | 310 
liquid sulfur was pumped into road | Venezuela | ___ __10 
tankers that delivered molten sulfur to | __ Total __i4 __040_ __ 190 
the chemical plants. The liquid sulfur | Europe: | 
was burned to produce sulfuric acid. Finland 1 — 70 

The phosphate rock was digested in Turkey 1 30 30 

sulfuric acid to produce phosphoric US.S.R. 11 1,330 1,330 
acid and waste phosphogypsum. The |” foal i (‘(‘i(i‘(a éité‘(‘iéSC~™S — 4B. 1,360 1,430 
phosphoric acid was passed through | Ani. Stti<i=Sstéi‘—s~S~*s*stsSsSCOCOCO eee —== _—— 
evaporators to increase the phosphorus “Aberia—SOtC=CS \ 240 40 
pentoxide concentration to the com- Revor 5 _ 760 
mercial grade, 54% P,O,. Phosphoric eye 
acid was reacted with anhydrous am- | _Morecco, 10 4,950 20,490 
monia to produce DAP or reacted with | Western Sahara J 950 950 
phosphate rock concentrates to pro- | Senegal 2 7 160 
duce triple superphosphate. South Africa, Republic of 1 2,530 2,530 

Mining procedure was similar in Togo 12 — 60 

North Carolina; however, the overbur- Tunisia 11 — 270 
den was about 30 meters, considerably Total 43 8,670 25,460 
thicker. Hydraulic dredges were used to | agiae i (<C‘z CS*é<‘(i‘ <; 2 3 37;7C;] — —— 
remove the top 12 meters of overbur- | “Ging stst=<C=SSSCS 6 210 210 
den. The dredges were replaced in 1989 Christmas Island SCS \ | 10 10 
with bucketwheel excavators. Draglines | ———H_—_ 
were used to strip the remaining over- _Hsrach 4 | 7 180 
burden and mine approximately 12 Soran 3 90 480 
meters of matrix. The matrix was ben- | _Syt@_ 2 190 190 
eficiated to produce a 67%-BPL prod- | _ Other 6 ___ 30, __ 330 
uct. Some of this product was calcined Total 22 530, 1,400 
to remove organic compounds, carbon | Oceania: | 

dioxide, and water and raise the grade Australia 5 90 590 
to 72% BPL. Nauru 1 5 5 

All phosphate rock in the Western | foal a ti(‘i‘CS;S;tét~S:” — 6 95, ~~ §95, 
States of Idaho and Utah was surface  Worldtoal SN —15 “72,585 34,275 

mined. There is an underground mine | ip. hae rock reseres a con le than 50 per ton fo. mine. Cons inlude capital, operating taxes, royale GF applicable, 
in Montana. Operator § in southeaster n miscellaneous costs and a 15% rate of return on investment. Costs and resources are as of Jan. 1989, f.o.b. mine. 

| Idaho principally used scrapers and ? Reserve base at a cost less than $100 per ton. Costs are as defined in footnote 1. 

bulldozers to remove overburden and 
mine the ore. Main bed ore for con- 
sumption in wet-process phosphoric 

acid plants and adjacent bedded fur- | Montana was mined, crushed, sized, | or slurry pipeline to chemical fertilizer 
nace shale for electric furnace feed were | and dried before rail shipment to Can- | plants. Electric furnace feed was re- 
mined selectively. In Utah, the phos- | ada. Ore mined in the Western States | ceived by truck or rail transport. 
phate rock was quarried after the lime- | was transported by truck or rail to Phosphate rock in the Western States 
stone caprock was drilled, blasted, and | beneficiation plants. Phosphate rock | was beneficiated for electric furnace 
trucked to waste. Underground ore in | concentrates were moved by truck, rail, | feed and to produce wet-process phos- 
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| TABLE 30 

PHOSPHATE ROCK, BASIC SLAG AND GUANO: WORLD PRODUCTION, BY COUNTRY’ 

. (Thousand metric tons) | - | | 

Commodity and - Gross weight P.O, content | 

_ country? 1985 1986 1987 1988 1989° 1985 1986 1987  —- 1988P 1989°¢ 

Phosphate rock: , , . a 

Algeria 1,207 1,203 1,073 1,332 1,223 ©381 © 380 336 © 404 _ 371 

~ Australia : 33 34 il 13 8 7 7 2 - 2 1 
Brazil 4,214 4,509 4,777 4,672 3,580 1,475 1,620 1,694  °1,663 1,290 

Chile 7 7 10 9 10 4 4 ey e, 1 
China® 6,970 6,700 9,000 15,000 15,500 1,882 1,810 2,700 4,050 4,100 

Christmas Island | | . | | 
(Indian Ocean) 1,187 880 842 — — 418 310-0 £295 — — 

Colombia 23 27 34 ©35- 30 6 7 8  & g 
Egypt 1,074 1,271 1,167 ©1,146 1,146 270° 315 312s: £293 293 

Finland ° 512 527 £553 584 560 1899 «195 "195 215200 
India 929 667 679 678 700 307 _ 222 226 r e224 231 

Indonesia | 1 1 3 1 344 « 4). ¢*) 1 4 4 
Iraq® 1,000 1,000 1,500 1,273 1,300 218 218 330 382 385 

Israel 4,076 3,673 3,798 3,479 3,922: 1,210 s«1,110—°1,214 ©1,092 1,231 

: Jordan 7 6,067 6,249 6,800 6,611 6,000 —«_ 2,010 2,072 2,260 °1,868 1,800 

Korea, North* 500 500 500. 500 500 —.—izd16Ot—t=‘ S:SC*é«iN 160 160 160 

Mali 7 3 8 10 10 ‘2 ©] 2 e2 2 

Mexico * 787 747 689 842 851 236 224 207 253 255 

Morocco ® 20,737 21,178  ©20,000 25,015 24,400 °6,574 °6,714  °6,650 8,061 8,000 

Nauru 1,508 1,494 1,376 1,540 1,500 581 ©575 © 530 €593, «4590 

Pakistan — 50 32 Fe35 35 — 16 10 £10 10 

Peru | 12 5 61 13 13 °4 2 20 #2 = #78 4 

Philippines 6 2 “8 7 7 2 1 “200 2 

Senegal” 1,814 © 1,850 1,874 2,326 2,273 €617 —§641- = °680——“ié‘T °8@0*2 783 

South Africa, - | | 

Republic of 2,433 2,920 2,623 2,850 2,900 883 © 1,060 £950 ©1,010 1,040 

Sri Lanka 14 15 ©21 23 >) 5 5 a 7 8 

‘Sweden | 187 192 ©221 142 160 74 72°82 52 60 
Syria 1,270 1,606 1,986 2,342 2,250 380 485  —s-: 606 715 690 

Tanzania 15 “10 18 4 5 “4 “3 res rey 2 

Thailand 4 5 5 8 9 1 1 2 8 ©°2 3 
Togo 2,452 2,314 2,644 3,464 33,355 890 ~—-840 ©960 ©1,257 1,208 

Tunisia 4,530 5,951 6,390 6,103 6,100 © 1,303 £1,712  °1,836 1,813 1,800 

Turkey ©37 3 19 74 384 ©12 “—1 ©23 26 
U.S.S.R.° 33,750 33,900 34,100 "34,400 34,400 10,650 10,700 10,750 ‘10,850 10,850 

United States 50,835 38,710 40,954 45,389 748,866 15,674 11,857 12,491 13,833 714,893 

Vietnam‘ | 516 530 300 330 400 170 175 105 115 140 

Zimbabwe, 

__concentrate 135 3600 SS SBS AT AT“ 
Total "148,849 138,869 144,231 160,375 162,268 °'46,643 43,559 45,689 49,811 50,488 

Basic (Thomas — oo — | a OS a — a 

converter) slag: 

Argentina “1 (*) ) (°*) () (° *) (° *) (° 4) (° *) () 
Belgium ° 3143 180 175 170 165 326 32 32 31 30 

Egypt° 10 8 8 8 8 2 2 2 2 2 

France 1,165 855 r e555 re555 500 210 154 e100 r€100 90 

Germany, Federal 
Republic of 491 374 ©370 ©400 400 67 54 Fe5Q) reAs 45 

See footnotes at end of table. 
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TABLE 30—Continued . 

PHOSPHATE ROCK, BASIC SLAG AND GUANO: WORLD PRODUCTION, BY COUNTRY! 

(Thousand metric tons) 

a 
—— 

, 

Commodity and Gross weight PO, content 

country 1985 1986 1987 1988? 1989° 1985 1986 1987 1988? 1989° 

Basic (Thomas 

converter) slag— 

Continued 

Luxembourg 701 620 542 © 540 550 126 112 98 ©95 99 

_United Kingdom 4 _ = _— _ = _ = i _— _— = _— 
Total 2,515 2,037 1,650 1,673 1,623 432 7354 282 273 266 

Guano: a a — ~ — — a 

Chile | 3 8 6 4 4 (*) 1 “1 (¢ 4) (*) 

Kenya (*) — — — — () — — — — 

| Philippines 1 3 e} 1 2 (4) 1 «4 ¢*) (4) 

Seychelles Islands * 5 5 5 5 5 2 2 2. 2 2 

Total 9 *16 12 10 11 2 "4 3 2 2 

©Estimated. PPreliminary. "Revised. 

; ! Table includes data available through May 30, 1990. Data for major phosphate rock producing countries derived in part from the International Fertilizer Industry Association; other figures are from official 

country sources where available. 

2 In addition to the countries listed, Belgium and Uganda may have produced small quantities of phosphate rock and Namibia may have produced small quantities of guano, but output is not officially 

reported, and available information is inadequate for formulation of reliable estimates of output levels. 

3 Reported figure. 
4Less than 1/2 unit. 
5 Includes only output used to manufacture fertilizers. . 

© Production from Western Sahara area included with Morocco. 

7 Does not include aluminum phosphate production, gross weight, in thousand tons: 1985—-355; 1986—131; 1987—191; 1988—119; and 1989—100 (estimated). 

phoric acid. The technology was simi- | remove phosphate bearing ore between log washers, scrubbers, screens, and cy- 

lar to that of Florida and Tennessee, | limestone crevices and cones (cutters) in | clones to produce a 0.044- to 6.35- milli- 

although plant flowsheets were tailored | the bedrock and light enough to be | meter sand product. Washer feed ranged | 

to fit the characteristics of each de- | easily transported by low-boy from one | from 18% to 25% P,O., and the sand 

posit. Western phosphate rock used to | deposit to the next selected for mining. | concentrate analysis ranged from 23% to 

produce phosphoric acid was calcined | Bulldozers were used to clear access 32% P,O,;. The sand concentrate was 

to reduce hydrocarbon levels. Phos- | roads to the deposit and remove topsoil nodulized in rotary kilns to convert the 

phate rock, as. mined or beneficiated, | and clay overburden. Trucks loaded by | sand to 1.9- to 5.1-centimeter nodules, 

was agglomerated before charging elec- | dragline moved ore to either a field | which, after screening to remove oversize 

tric furnaces to produce elemental | washer, a railroad loading tipple, or a | and undersize material, were charged to 

phosphorus. washer at the electric furnace plant. electric furnaces with fine free coke and 

In Tennessee, 150,000- to 200,000- Tennessee phosphate rock was bene- | quartz pebbles to produce elemental 

ton ore bodies were stripped of over- | ficiated by washing through a 25- | phosphorus. 

burden and mined with small draglines. | centimeter grizzly screen. The screen 

The small dragline bucket was able to | undersize was passed through a series of All quantities are in metric tons unless otherwise 

specified. 
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PLATINUM-GROUP METALS 
| By J. Roger Loebenstein 

Mr. Loebenstein, a physical scientist with 15 years industry and Bureau of Mines experience, has been the commodity 

specialist for platinum-group metals for 9 years. Domestic survey data were prepared by Evangeline Hemphill, mineral data 
assistant. International data tables were prepared by Harold Willis, international data assistant. | 

he Republic of South Africa | Mine increased, domestic mine produc- | Mine in 1989 was about 1,430 kilograms 
remained the leading pro- | tion was refined in Belgium and in 1989 | and production of palladium was about 
ducer of platinum and the | accounted for only 3% of U.S. imports | 4,850 kilograms. Small amounts of 
U.S.S.R. remained the lead- | of refined platinum and 9% of U.S. | PGM were recovered as byproducts of 

ing producer of palladium. In the fu- | imports of refined palladium. Even | domestic copper refining. 
ture, most new production capacity for | though the Federal Government stock- In 1989, SMC shipped its concen- 
platinum-group metals (PGM) was ex- | piled platinum, palladium, and iridium, | trates to Belgium for smelting and re- 
pected to come from the Republic of | there were no Government programs en- | fining, but applied for permission to 
South Africa. gaged directly in the development or | construct a $6 million smelter to proc- 

Environmental legislation and con- | exploitation of mineral deposits. Explo- | ess its PGM concentrates. The com- 
cern over clean air continued to be a | ration, development, and mining were | pany hoped to complete construction 
major factor driving PGM demand in | considered to be functions of the private | by the end of 1990. Final refining of the 
the United States and Western Europe. | sector. | precious-metal matte probably would 

| With political changes sweeping East- Import dependence on the Republic | still be done in Belgium. 
ern Europe, it remains to be seen | of South Africa and the U.S.S.R. re- 
whether these countries will use cata- | mained an area of concern for the|_..—s————ss—(essss—CssesSsS—<C—éCSC—S 
lytic converter technology to reduce | United States. The threat of disruption | CONSUMPTION AND USES 
automobile emissions. While the need | from South Africa appeared more re- | ——————-___—- 
is Clear, the required capital to pay for | lated to mining labor unrest than any 
clean air remains a problem. other factor. A disruption in supplies Platinum, palladium, and rhodium 

| | from the U.S.S.R. appeared unlikely | were used in emission catalysts for light 
ee CC‘“‘CSSCS:s« g'VENN iMprcoVermeenntt in relations with | trucks (trucks weighing 14,000 pounds 
LEGISLATION AND that country and the need of the | or less, gross weight) and automobiles. 
GOVERNMENT PROGRAMS | U.S.S.R. to generate foreign currency. | A typical emission catalyst in 1989 con- 

——$. $ The Department of Defense, which | tained approximately 1.77 grams of 
a oversees the National Strategic Stock- | platinum, 0.47 gram of palladium, and 

A bill authorizing the minting of a | pile, recommended to Congress that | 0.2 gram of rhodium, for a total of 
palladium commemorative coin was not | the Government purchase 933 kilo- | 2.44 grams PGM. These average quan- 
approved by the House. The staff of the | grams of rhodium and 2,022 kilograms | tities have not changed since 1985. 
US. Mint testified that the coins would | of ruthenium for the Stockpile.'! In | There was variation in the quantities of 
be difficult to produce. In addition, do- | 1988, an advisory panel of the Ameri- | PGM contained in each catalyst for any 
mestic sources of palladium are limited, | can Society of Metals also recom- | given year, depending on the year the 
and it is possible that some of the metal | mended the purchase. Stockpile goals | vehicle was manufactured, the engine 
for the coin would have to come from | remained unchanged at 40,746 kilo- | size, the normal operating temperature | 
sources Originating in the U.S.S.R. or the | grams of platinum, 93,311 kilograms | of the vehicle’s engine, and the manu- 
Republic of South Africa. of palladium, and 3,048 kilograms of | facturer of the catalyst. In 1989, there 

The Administration’s proposed Clean | iridium. were 10.6 million vehicles produced in 
Air Bill called for decreasing the hydro- the United States that were subject to 
carbons limit for automobiles from the | ___———C—‘—;‘CSSC—~—CSTSS.__| emissions control and outfitted with 
current 0.41 gram per mile to 0.24 gram | PRODUCTION catalytic converters, of which about 
per mile. To AR RRR |_ ONC-third were light trucks. 

| In electronic applications, ruthenium 
a The only PGM mine in the United | was the principal PGM used in thick 
STRATEGIC States, southwest of Billings, MT, was | film resistors, and palladium was the 

operated by the Stillwater Mining Co. | principal PGM used in thick film con- 
CONSIDERATIONS (SMC), owned 50% by Chevron Corp. | ductors, multilayer ceramic capacitors, 

and 50% by Manville Corp. Estimates | and connectors. Platinum “targets” were 
While domestic production of plati- | from published sources showed that pro- | used for sputtering thin films on circuit 

num and palladium from the Stillwater | duction of platinum at the Stillwater | boards. Platinum-rhodium alloys were 
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ce | TABLE 1 i a 

: | . ~ SALIENT PLATINUM-GROUP METALS‘ STATISTICS —— . | 

(Kilograms) 

1985 1986 1987 1988 1989 
United States: | 

Mine production: ? * | | | | a | | 

Platinum oe a ow WW T80 1,240 1,430 
Palladium 7 a W WO, 330 3,730 4,850 

Value* thousand dollars Ww Ww $44,686 $67,622 --»- $85,318 
Refinery production: . — OO | | 

Primary refined a 227 135 | 191 297. 339 

Secondary: a oe . 
Nontoll-refined | 8,043 11,016, «5,117 ‘4,787 | 3,954 
Toll-refined | 32,293 "35,924 44,935 | 46,403 46,253 

Total refined metal _ | 40,563 47,075 50,243 51,488 50,546 
Stocks, yearend: | a a | | 

Industry (refined) 35,106 — 40,187 38,412 35,515 32,543 

National Defense Stockpile: oe | a | 

Platinum | 14,079 14,079 14,079 14,079 14,079 

Palladium? | . | 39,259 | 39,334 | 39,334 _. 39,334 39,334 

Iridium _ : 9200 = 920 . 920 920 920 
Exports: | | 

Refined © 16,369 11,879 13,423 ~ 20,301 | 23,082 

Total 27,640 23,349 22,031 28,787 38,128 

Imports for consumption: | | : . : : | | | 

Refined ® | - 106,928 115,924 98,879 110,948 — 111,107 

Total 124,090 139,256 118,397 124,324 | 113,278 

Imports, general | 124,090 136,824 118,397 124,324 113,278 | 

Consumption (reported sales to industry) . 70,650 64,705 60,280 70,998 78,439 

Consumption, apparent ’ . 104,511 109,904 95,457 103,302 101,230 

Net import reliance® as a percent of apparent 
consumption 92 90 | 91 91 90 

Price, dealer, average, per ounce: 

Platinum _ | $291 $461 $553 $523 $507 
Palladium $107 : $116 | $130 $123 $144 

World: Mine production? "246,988 260,192 273,582 P 281,854 © 283,643 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. — . 

' The platinum-group comprises six metals: platinum, palladium, iridium, osmium, rhodium, and ruthenium. . 

2 Byproduct of copper refining plus production from Stillwater Mining Co. for 1987-89. 

3 Estimates from published sources. | . 

4 Value based on dealer prices. 

> Includes 75 kilograms purchased in 1985, but not added to inventory in that year. . 

© Excludes ores, scrap, and platinum grains and nuggets. 

71985-1986 mine production excluded to avoid disclosing company proprietary data. 1987-1989 includes mine production plus nontoll-refined production plus refined imports for consumption minus refined 

exports plus or minus changes in Government and industry stocks. 

8 Refined imports for consumption minus refined exports plus or minus changes in Government and industry stocks. 

? 1985-86 totals exclude U.S. mine production in order to avoid disclosing company proprietary data. 
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TABLE 2 , 

PLATINUM-GROUP METALS REFINED IN THE UNITED STATES 

. | (Kilograms) 

. Platinum Palladium | Iridium Osmium Rhodium Ruthenium Total! 
PRIMARY METAL | | a 

Nontoll-refined: } OO | 

1985 | 16 108 — — — — 124 
1986 19 116 — — — — 135 
1987 32 158 — — — — 191 
1988 46 248 | 2 — 9) — 297 
1989 47 289 2 — — 2 339 

. Toll-refined: 

1985 34 — — — — 68 103 
1986 — — — — — — — 
1987 . — — — — — me — 
1988 | — — — — — —. oo 
1989 _ — — — ee — — 

SECONDARY METAL | 
Nontoll-refined: __ | . 

1985 1,629 6,263 8 — 97 46 8,043 
1986 2,204 8,627 9 — 134 41 11,016 
1987 1,180 3,743 4 19 123 49 5,117 
1988 1,133 3,545 4 — 104 2 4,787 
1989 1,149 2,670 6. — 94 35 3,954 

Toll-refined: __ . | | 
1985 15,259 15,270 218 () 1,130 415. _ 32,293 
1986 | 20,977 12,388 111 44 1,792 613: 35,924 
1987 22,580 19,169 102 25 1,895 1,164 44,935 
1988 22,884 20,923 252 19 1,826 499 46,403 
1989 24,058 20,037 219 1 1,565 373 46,253 

1988 TOTALS! — — ~ ~ — — — 
Total primary 46 248 2 — ?) — 297 
Total secondary 24,017 24,468 256 19 1,930 501 51,191 

Total refined metal 24,062 24,717 258 49 1,930 501 51,488 
1989 TOTALS — — ~ — — — 

Total primary 47 289 2 — — 2 339 
Total secondary 25,207 22,707 225 1 1,659 408 50,207 

Total refined metal 25,254 22,996 207 oy 1,659 410 50,546 
' Data may not add to totals shown because of independent rounding. 
2Less than 1/2 unit. 

used for manufacturing thermocouples | and rhodium were used in inorganic syn- | vious year.” A summary of the typical 
for precise temperature measurement. theses of nitric acid and hydrogen cya- | uses for each PGM is shown in tables 4 

For glass manufacturing applica- | nide. Palladium was used in the produc- | and 5. 
tions, most of the PGM, specifically | tion of hydrogen peroxide. A wide 
platinum, rhodium, and palladium, | variety of organic chemicals and phar- 
were used in bushings for the extrusion | maceuticals were produced using PGM | _eses—s—ssss—‘“‘“‘“‘i;CS 
of textile or continuous filament glass | catalysts. STOCKS 
fiber. The Bureau of Mines does not collect. | ——H--__________—_ 

The nonautomotive catalyst applica- | data on domestic investor demand for 
tions of PGM were numerous. The pe- | platinum, but according to Johnson In addition to the reported stocks 
troleum refining industry used PGM, | Matthey PLC, projected investor de- | held by refiners, importers, and deal- 

- principally platinum, in reforming, | mand for 1989 in North America was ers, end users of PGM held sizable 
cracking, and isomerization reactions. | expected to be about 1,866 kilograms, | quantities of PGM that were not re- 
Chemical catalysts containing platinum | down from 2,644 kilograms in the pre- | ported to the Bureau of Mines. 
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TABLE 3 | 

PLATINUM-GROUP METALS! SOLD TO CONSUMING INDUSTRIES 

IN THE UNITED STATES?” 

(Kilograms) 

- Year and industry Platinum Palladium Iridium Osmium Rhodium Ruthenium Total 

1985 31,905 32,980 332 28 2,745 2,662 70,650 

1986 30,513 27,681 382 21 2,906 3,203 64,705 

1987 25,471 30,956 250 29 2,692 882 60,280 

1988: — — — ~~ — OO — 

‘Automotive? 19,346 5,101 (4) _ 2,084 — 26,532 

Chemical 3,184 3,669 117 — 109 604 7,683 

Dental and medical 581 6,622 2 21 2 3 7,231 

Electrical 3,494 13,049 190 — 123 1,067 17,923 

Glass 681 11 (‘) — 85 1 779 

Jewelry and decorative 385 196 20 — 177 14 792 

Petroleum 1,072 1,438 75 — 1 — 2,587 

Miscellaneous 2,383 4,156 __ 89 _ 2 710 132 7,471 | 

Total 31,125 34,241 495 __ 23 3,292 1,821, 70,998 

1989: | OO OO OO — a — an 

Automotive? 18,774 4,886 | — — 1,982 — 25,643 

Chemical 2,424 1,923 95 — 189 26 4,657 

Dental and medical 632 8,424 105 57 1 15 9,233 

Electrical 3,894 17,352 112 — 272 1,778 23,408 

Glass 1,130 181 — — 177 1 1,489 

Jewelry and decorative 418 179 7 — 205 6 814 

Petroleum 2,859 2,543 — — 27 — 5,429 

Miscellaneous 3,566 3,786 81 — 273 61 _7,766 

Total 33,698 39,273 ~ 400 $7 3,126 1,886 78,439 

! Comprises primary and nontoll-refined secondary metals. 

2 Data may not add to totals shown because of independent rounding. 
. 

3 1985-89 platinum, palladium, and rhodium sales to the automotive industry are estimated based on US. light truck sales and U.S. automobile production. 

4Less than 1/2 unit. 

PRICES 

TABLE 4 

In March, two scientists from the TYPICAL USES OF PLATINUM, PALLADIUM, AND RHODIUM 
University of Utah announced that 

they had fused deuterium nuclei at a —VFamunm Palladium =—sst*=~<“—*sé‘s*~*~*~*~”””:””CR Palladium Rhodium 

relatively low temperature (using a pal- Automobile catalyst Automobile catalyst Acetic acid catalyst 

adium cathode immersed in heavy wa- | —#_______... —n— DE an cataluet 

ter. The process was regarded by some Cancer drugs Cental alloys = Automobile catallyst 
as a potential breakthrough in the Coins Hydrocracking catalyst Glass bushings 

decades-long search for a way of gen- Cracking catalyst Hydrogen peroxide catalyst Nitric acid catalyst 

erating electricity from controlled nu- | Crucibles Multilayered capacitors Thermocouples 

clear fusion. While results of the exper- | Fuel cell electrode Thick films pastes 

iment were being evaluated by other | Glass bushings Vinyl acetate catalyst 

scientists, news of the announcement | Hydrogen cyanide catalyst 

produced a flurry of speculation in | [somerization catalyst 

palladium and caused dealer prices to Jewelry t—=CS=CSsStw«*s | 

increase from $135 per ounce in January | .......,..5.4 
. . : Nitric acid catalyst 

to a high of $166 per ounce in April. As | ———_—___—__—__ 

speculation tapered off, prices declined Reforming catalyst 

to about $137 per ounce by October. Targets for thin films 

The dealer price of rhodium began | Thermocouples 0°00 

792 PLATINUM-GROUP METALS MINERALS YEARBOOK—1989



Se 

increasing sharply in November and con- alytic converters planned to expand | purchase through IPMI. 
tinued increasing in December, with spot | capacity to meet the demand of what is 
prices approaching $2,000 per ounce. | potentially the world’s largest automo- | Capacity 
The increase was attributed to the re- | bile market. About 13 million new cars Capacity for PGM is generally cited 
ported technical difficulties at Johnson | are sold per year in the EC. Plant | in terms of platinum capacity. The data 
Matthey’s newly commissioned Rusten- | expansions of autocatalyst facilities | in table 12 represent rated capacity, 
burg refinery in Bophuthatswana. Also | were anticipated in the Federal Repub- | defined as the maximum quantity that 
contributing to the price rise was the | lic of Germany, the Republic of Korea, | can be produced on a normally sustain- 
absence of rhodium sales by the | Belgium, and France to meet the in- | able long-term operating rate, based on 
U.S.S.R., the second largest supplier of | creased demand in Europe.° the physical equipment of the plant and 
rhodium after the Republic of South According to the interim 1989 review | routine Operating procedures for labor, 
Africa. on platinum published by Johnson | energy, materials, and maintenance. Ca- 

: Matthey, world investment demand for | pacity includes both operating plants and 
——_—_____—_—____________ } platinum decreased from 19,600 kilo- | plants temporarily closed that in the 
WORLD REVIEW grams to only about 5,000 kilograms in | judgment of the author can be brought 

| 1989, Higher interest rates and less fear | into production within a short period of 
of a disruption in supply from South | time with minimum capital expenditure. 

In July, the European Community | Africa contributed lower investor inter- 
(EC) voted to require that all member | est in platinum. | South Africa, Republic of 
nations comply with automobile ex- The International Precious Metals Barplats Mines (formerly Lefkochry- 
haust emissions limits, comparable to | Institute (IPMI) of Allentown, PA | sos Ltd.) produced 933 kilograms of 
those in the United States, by January | sponsored a seminar on platinum- | platinum at the Crocodile River Mine. 
1, 1993, for cars with engine displace- | group metals January 29-31 in Las Ve- | Barplats is controlled by Rand Mines. 
ments less than 1.4 liters. Until now, | gas, NV. Presentations centered around | All of Barplats’ production was from 
most automobile catalytic converters in | the use of PGM in autocatalysts, indus- | the UG-2 reef, rather than from the 
the EC were on cars with engine dis- | trial pollution control, fuel cells, jewelry, | more easily processed Merensky reef.* |. 
placements greater than 1.4 liters. Con- electronics, and health applications. Pro- | In the past, platinum producers have 
sequently, the major producers of cat- ceedings of the meeting are available for | overcome the metallurgical problems of 

treating UG-2 ores by blending them 
with Merensky ores. It appears, how- 

TABLE 5 ever, that technical problems for treating 
- pure UG-2 ores have been overcome. 

TYPICAL USES OF RUTHENIUM, IRIDIUM, AND OSMIUM Rustenburg Platinum Mines Ltd. de- 
cided not to develop the Maandag- 

Ruthenium Iridium Osmium shoek platinum mine in the eastern Caustic soda electrode Caustic soda electrode.~~~~S*@odiogical/ staining Transvaal because of its inability to 
Chlorine electrode —sChlorine electrode.==~=~S*«~éarmaaceeuticaad catalyst obtain tax concessions from the South 
Resistor circuits ___—=—=—=~=s«ligh-temperature crucibles. =~=~S*é“‘<=S=~*‘<~*W African Government. The costs of de- 

Reforming catalyst SSC veloping the mine would have been too 
sso ————— — ———————— | high without the tax concessions. 

U.S.S.R. 

The U.S.S.R. began marketing and 
selling a one-ounce palladium coin 
honoring Russian Ballet. The Ballerina 

TABLE 6 palladium bullion coin is the world’s 
: REFINER, IMPORTER, AND DEALER STOCKS OF REFINED first palladium bullion coin. Owing in PLATINUM-GROUP METALS! IN THE UNITED STATES, part to the difficulties in minting, only DECEMBER 31 about 30,000 coins were sold in 1989.> 

(Kilograms) 

i SSSSSCOCNC' ss | CURRENT RESEARCH 
Year Platinum Palladium Iridium Osmium Rhodium Ruthenium Total? | —————_____ 

1985 17,783 14,152 527 9 1,466 1,170 35,106 
1986 20,426 16,958 611 12 1,475 705 40,187 Nippon Mining Co. announced that 1987 «19,004 ~—S—s«17,356=S«S06=SS”*=<~SN*t‘<S*é‘<i«=SSS*C‘C*‘~*~C«SKSC*‘“‘ AN it had developed a new corrosion resis- 1988 S—«d8,438~S«*4,837=S«3D_SS~S*~:CS*~C~*~<~saiSSSSCS*~*~CS*C*SS sg '| ‘tame platinum magnet that contains 

1999 s==«dA4,791_—=S=«*dS«»JB2_—~=S=iSD_S~=~HS*~C*é‘~ii«OSC*~‘“‘*~«~;‘i 32 843 70% platinum and 30% iron. Its major 
"Includes metal in depositories of the New York Mercantle Fuchanee QWMEXOvon Den 3) 1989 WD <= | application was expected to be in pre- Includes metal in depositories of the New York Mercantile Exchange (NYMEX); on Dec. 31, 1989, this comprised 5,152 kilograms of .s . platinum and 2,815 kilograms of palladium. cision motors for use in ultravacuum 
Data may not add to totals shown because of independent rounding. and ultraclean environments. 
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TABLE 7 

AVERAGE PRODUCER AND DEALER PRICES! OF PLATINUM-GROUP METALS 

. - (Dollars per troy ounce). 

eS 

Platinum Palladium Rhodium Iridium Ruthenium Osmium 

Producer Dealer Producer Dealer Producer Dealer Producer Dealer Dealer Dealer 

1985 475 291 127 107 915 929 600 438 101 915 

1986 519 461 131 116 1,196 1,157 600 414 73 704 

1987 600 553 150 130 1,239 1,222 532 363 70 633 

1988: ~~ — ~— ~ ~ TO — OO — 

. January 600 492 150 124 1,275 1,187 420 333 67 602 

February 600 452 150 119 1,275 1,238 420 326 65 610 

March 600 491 150 121 1,275 1,235 420 310 62 603 

April 600 492 150 124 1075 1,230 420 315 62 509 

May 600 545 150 122 1,275 1,231 420 310 60 580 

June 600 576 150 127 1,275  —«- 1,266 420 309 61 590 

July 600 543 150 124 1,275 1,185 420 304 65 625 

August 600 529 ~ 4150 124 1,275 1,214 420 302 45 625 

September 600 506 _ 150 119 1,275 1,218 420 305 67 625 

October 600 522 150 120 1,275 1,191 420 286 63 580 

November 600 566 150 125 1,275 | 1,232 420 287 60 580 

December 600 557 150 131 | 1,275 1,190 __ 420 _ 287 60 __ 580 

Average —=- 600 ~ 523 150 ~ 123 1,275 1,218 420 306 61 $92 

— | 1989: — a — — — SO ~ ~— — 

January 600 528 150 135 1,275 1,247 420 295 64 580 

February 600. 530 150 141 1,275 1,254 420 293 62 580 

March 600 534 150 145 1,275 1,271 (2) 295 62 580 

April 600 538 150 166 1,275 1,274 (7) 300 62 570 

May 600 515 150 152 1,275 1,280 () 303 62 550 

June 600 494 150 152 1,275 1,275 ) 305 61 550 

| July 600 500 150 150 1,275 1,269 () 305 61 550 

August 600 483 150 134 1,275 1,247 (7) 305 61 550 

September 600 476 150 137 1,275 1,265 a) 305 62 | 550 

October 600 483 150 137 1,275 1,269 (7) 305 63 529 

November 600 504 150 138 1,275 ~ 1,302 (7) 307 63 500 — 

December 600 _502 150 137 1,275 1,644 @) _ 313 63 __ 500 

Average 600 507 150 144 1,275 1,300 NA 303 62 549 

NA Not available. 

| Average prices calculated at the low end of the range and rounded to the nearest dollar. 

2 Producer prices discontinued Mar. 22, 1989. 

Platinum-silicide was being investi- | 

gated as a material that substitutes for 
cadmium-mercury-telluride in infrared 

detectors. Platinum-silicide performs 

better and is cheaper to produce than TABLE 8 

the traditional cadmium-mercury-tellu- NYMEX TRADING VOLUME FOR FUTURES CONTRACTS, 
ride. Platinumi-silicide detectors are DECEMBER 31 

made by depositing a layer of platinum 

only a few molecules thick over silicon (Number of contracts) 

integrated circuits. Infrared detectors _ 

made with platinum-silicide are used in 1986 1987 1988 1989 

military applications such as heat- | Platinum! 1,624,635 1,361,546 1,460,455 1,190,529 

seeking missiles.° . Palladium? 145,562 160,284 139,883 200,892 

The Bureau of Mines investigated 150 troy ounces per contract. 

leaching PGM from scrapped autOmo- | 7100 troy ounces per contract. 
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bile catalysts using a solution of sodium | expected to decline because the Soviets | years. 
cyanide. Recovery rates for platinum, | are expected to boost their own con- In the United States, the number of 
palladium, and rhodium were over 90% | sumption and/or increase sales to East- | cars and trucks outfitted with catalytic 
and the process was environmentally | ern Europe, where platinum can be | converters has remained between 10 
safe. Work on the process to reduce | used to produce unleaded gasoline and | million vehicles and 11 million vehicles 
recovery costs was progressing through | reduce automobile emissions. Over the | from 1987 through 1989. While pro- 
1990, at the Bureau’s Reno Research | next 5 years, Canadian production of | duction of cars and trucks was expected 
Center. platinum should remain flat, while | to remain flat, overall consumption of 

U.S. production could grow another | platinum was expected to rise because 
25% from expansion of the Stillwater | of the greater amounts of platinum 

OUTLOOK — | Mine in Montana. expected to be used in each catalytic 
— Jewelry demand for platinum in Ja- | converter. As mentioned earlier, the 

. pan should grow about 25% to 44,000 | proposed Clean Air Bill called for re- | 
World Supply of Platinum kilograms by 1994. Investment demand | ducing hydrocarbon and nitrogen oxide 

The Republic of South Africa and | for platinum is probably the most vol- | emissions. Another proposal being de- 
the U.S.S.R. were the most important | atile end use, subject to wide swings in | bated was extending the certification 
countries supplying platinum. Because | either direction, depending on eco- | period for catalytic converters from 
of the planned opening of new mines | nomic conditions, exchange rates, and | 50,000 miles to 100,000 miles. All these 
and the expansion of existing ones, | interest rates. measures, if enacted, would require 
production of platinum in South Af- about one-third more platinum per 
rica was projected to increase by one- | World Demand for Platinum converter than currently used. 
third from about 83,000 kilograms in Demand for platinum in automobile The decision of the Economic Com- 
1989 to about 111,000 kilograms by | catalysts, particularly 3-way catalysts | munity (EC) in 1989 to adopt emissions 
1994,’ For the U.S.S.R., sales of plati- | that use platinum and rhodium, was | limits for cars with engines smaller 
num to market economy countries was | expected to be strong over the next 5 | than 1.4 liters will result in a large 

| TABLE 9 

U.S. EXPORTS OF PLATINUM-GROUP METALS, BY YEAR AND COUNTRY 

(Kilograms) | 

Iridium, Waste Total | 
Year and country Platinum Palladium Rhodium osmium, and . Value 

7 ruthenium scrap Quantity (thousands) 

1989: 

Australia 73 42 — 19 — 134 $1,477 

Austria 2 116 — — — 118 624 

Belgium 85 543 — 11 2,808 3,447 20,109 

Brazil 143 22 35 1 — 201 5,803 

Canada 1,902 644 197 17 443 3,203 45,814 

China 150 907 36 28 — 1,121 7,919 

France 128 62 — 1 100 291 3,829 

Germany, Federal Republic of 140 499 250 143 2,703 3,735 41,639 

Hong Kong 27 16 1 — 3 47 622 

Italy 55 313 ] — 902 1,271 12,698 

Japan 3,652 4,027 387 25 292 8,383 100,962 

Korea, Republic of 348 40 70 1 1 460 8,364 

Netherlands — 1,497 — — — 1,497 9,941 

Singapore 6 182 — 8 — 196 1,608 

Sweden — 22 — 79 144 245 2,057 

Switzerland 615 216 16 — 125 972 13,629 

_ Taiwan 359 393 3 8 — 763 6,579 

U.S.S.R. — 1,565 — 92 — 1,657 8,704 

United Kingdom 645 1,647 159 24 7,514 9,989 103,237 

Other 84 252 1 50 11 398 2,494 

Total 8,414 13,005 1,156 507 15,046 38,128 398,109 

Source: Bureau of the Census. 
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TABLE 10 

U.S. IMPORTS FOR CONSUMPTION OF PLATINUM-GROUP METALS, BY YEAR AND COUNTRY 

(Kilograms) . 

. . . . wa. . Waste __Total 
Year and country . Platinum Palladium Rhodium Ruthenium Iridium Osmium and scrap Ores Quantity Value 

(thousands) 

1989: 

Australia 5 — — — — — 3 — 8 $160 

Belgium 1,326 6,410 337 — — — 249 1 8,323 61,207 

Canada 1,198 1,094 — — _— — 562 8 2,862 36,389 

Dominican Republic 1 34 — — — — —_— — 35 552 

France 10 817 — — — — — — 827 3,838 

Germany, Federal | 
Republic of 1,976 263 194 54 101 4 — — 2,592 40,541 

Hong Kong — ] — 1 — — 551 — 553 8,402 

Italy — 1 19 — — — 24 — 44 1,189 

Japan 286 2,241 1 — 1 — 2 — 2,531 9,649 

Mexico 1 — — — — — 45 — 46 371 

Netherlands 94 289 14 7 4 — — — 408 3,990 

Norway 179 411. 26 — — — — — 616 5,138 

South Africa, , 
Republic of 34,109 17,270 2,580 2,027 502 54 — — 56,542 755,638 

| Switzerland 2,123 1,016 438 1 — — 17 — 3,595 63,307 

Taiwan 90 973 — — — — 1 — 1,064 6,794 

U.S.S.R. 792 11,327 2,169 — — — 21 — 14,309 159,658 

United Kingdom 6,928 8,920 1,256 793 80 — 432 — 18,409 217,841 

| Other 120 68 71 — = _- 252 3 514 7,029 

Total 49,238 51,135 7,105 2,883 688 58 2,159 12 113,278 1,381,693 

Source: Bureau of the Census. 

increase in demand for platinum. By | chemical compounds containing PGM. | grading a particular type of scrap, such 
1994, demand for platinum used in | A typical PGM catalyst may consist of | as petroleum catalysts, autocatalysts, 
autocatalyts in the EC is expected to | a platinum-rhodium gauze woven from | or electronic scrap. 
double from about 9,300 kilograms in | wire. The electronics industry pur- Refiners often charge a consumer a 
1989 to 18,000 kilograms. chases PGM pastes and the dental in- | fee to have scrap toll refined, but own- 

Autocatalysts are currently required | dustry uses wire and a variety of alloys. | ership of the scrapped catalyst remains 
in Australia, Canada, Japan, South with the consumer. A refiner replaces a 
Korea, the United States and most of | Industry Structure wornout catalyst with a fresh catalyst 
Western Europe. Other countries, such In North America, PGM are recov- | and charges the consumer for the refin- 
as Brazil, Mexico, and Taiwan were | ered by a small number of scrap refin- | ing and fabrication costs. In some 
expected to begin requiring autocata- | ers, as shown in table 14. Other com- | cases, refiners simply refine scrap and 
lysts in the early 1990’s. World demand | panies collect scrap materials such as | sell it to other companies to fabricate 

for platinum in autocatalysts could in- | catalysts and PGM bearing solutions | catalysts. 
crease from about 40,000 kilograms in | and process them to increase the grade. 
1989 to 56,000 kilograms in 1994. These upgraded secondary materials | Geology—Resources 

are then sold to or treated on toll by | PGM deposits are associated with 
refiners. For example, in addition to its | magmatic intrusions of mafic and ul- 

BACKGROUND refining operations, Mulit-Metco, An- | tramafic rocks. They also occur to a 

—aeeee~¥E— SSE | niston, AL, produces a 90% PGM | lesser extent in placer deposits. Layered 

concentrate from scrapped autocata- | deposits associated with stratiform 

Products for Trade and Industry lysts, which in turn is refined by an- | complexes are the only ones mined 
The basic commercial forms of PGM | other company. World Resources Co., | principally for the PGM, with nickel, 

were sponge or powder, which may be | McLean, VA, collects electroplating so- | copper and cobalt sometimes produced 
converted to other forms such as bars, | lutions, upgrades them, and sells the | as byproducts. These are found in the 
pastes or chemicals. The catalyst indus- | concentrate to another refiner. Most | Bushveld Complex, Republic of South 
try employs an extensive number of | companies specialize in refining or up- | Africa, and the Stillwater Complex, 
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TABLE 11 TABLE 12 : 

SUPPLY AND DEMAND FOR PLATINUM, PALLADIUM, AND PLATINUM ANNUAL MINE 
RHODIUM IN THE MARKET ECONOMY COUNTRIES IN 1989 CAPACITY OF MAJOR 

(Kilograms) PRODUCING COMPANIES, AS OF 
| DECEMBER 31, 1989 

Platinum Palladium Rhodium (Kilograms) 
SUPPLY a 

Mine production: Capacity 
South Africa, Republic of° 82,838 35,308 4,070 | North America: 
Canada 4,461 4,669 415 Inco Ltd. 3,800 

United States!’ 1,430 4,850 _— Falconbridge Ltd. 1,300 

Other 2,167 1,521 — | _ Stillwater MiningCo." 1,430 
Total 90,896 46,348 4,485 Total 6,530. 

; Secondary from old scrap: ~ | Africa: 
Japan 1,700 620 280 Rustenburg Platinum 

United States 1,149 2,670 94 | —MinesItdn 44,000 
Toa 2,849 3,290 374 "hw ae noidings 34,000 

viet Ware et 
economy countries. 13,680 53,650 3,580 | western Platinum Ltd. 7,800 

Total 107,425 103,288 3,439 | —BatplatsMines = _1,000 DEMAND. =—— ———— =——_ Total 86,800 
Industrial World total (rounded) 93,300 
a lt: : 

Japan 48,680 47,120 3,000 | 2G ore eacnnron Corp. and Manville Corp. 
United States 33,698 39,273 3,113 3 Owns the Karee Mine and Messina Mine. 

Western Europe 17,260 18,660 2,000 | 

Other — 2,710 __ 160 Recycling.—Because of their high 
Torah 107,728 110,963 8,273 value, PGM are routinely recovered 

1 _stimated by the Bureau of Mines. : from petroleum catalysts, chemical cat- stimates from public sources. 
. . 

2 Excludes approximately 5,130 kilograms of investment demand. alysts, automobile catalysts, glass f iber 
Sources: Principally Johnson Matthey PLC, and CPM Group Ltd. bushings, electronic SCT. ap, laborator y 

equipment, dental materials, and jew- 
elry. Johnson Matthey estimated that 

United States. In other PGM deposits, | lead as a collector for fire assays is | 4,510 kilograms of platinunrand 2,333 
such as those found in the Sudbury | suitable for gold and silver, but not for | kilograms of palladium were recovered 
Complex, Canada, and Noril’sk, | the PGM. For the PGM, nickel sulfide | from scrapped catalytic converters in 
U.S.S.R., the PGM are produced as | or copper sulfide is the preferred col- | North America in 1989. Small quanti- 
byproducts of nickel and copper | lector. In addition to fire assays, PGM | ties of rhodium were also recovered. 
mining.® can be determined by chemical meth- Major collectors and refiners of au- 

In South Africa, it is interesting to | ods and instrumental methods such as tocatalysts are shown in table 16. In the 
note that base metals such as nickel and | X-ray fluorescence and spectrochemical | United States, only Multi-Metco, the 
copper are important in generating rev- | methods.!° successor of Texas Gulf Corp., refined 
enues from the Merensky and Platreef A list of independent PGM assayers | any substantial quantities of PGM. 
ores. This is not the case at the Stillwa-. | is shown in table 15. The list is meant | Multi-Metco’s output required further 
ter Mine in the United States, where | to be a sampling rather than a complete | processing by other companies to. pro- 
platinum and palladium contribute | list of assayers. duce commercial grade metal. The 
nearly 100% of revenues.” other major refiners of scrapped auto- 

World reserves of PGM are about 56 mobile catalysts are in Canada, Bel- 
million kilograms, with 89% contained Primary Processing.—The process- | gium, and Japan. 
in the Bushveld Complex, Republic of | ing of PGM entails four general steps: 
South Africa, and most of the remain- | mining, concentrating, smelting, and | Economic Factors 
ing 11% located in the U.S.S.R., Can- | refining. After mining, platinum ore is 
ada, and the United States. crushed, ground, and concentrated by Prices.—A time series of historical 

froth flotation. The concentrates are | prices for each of the six PGM and a 
Technology dried, roasted, and smelted to form a | brief discussion of factors influencing 

sulfide matte containing the PGM. The | prices is given in a Bureau of Mines 
Assaying.—Fire assay techniques | matte is treated in a refinery using | publication entitled “Nonferrous Metal 

have long been used to determine the | solvent-extraction techniques to sepa- | Prices in the United States Through 
presence of precious metals. The use of | rate and purify the six PGM. 1988.” "! 
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, TABLE 13 

PLATINUM-GROUP METALS: WORLD PRODUCTION, BY COUNTRY* 

| (Kilograms) 

—- OO oO  - reo 

Country” 1985 1986 1987 1988P 1989° 

Australia, metal content, from domestic nickel ore:? 

Palladium 476 428 “490 ©410 400 

Platinum 95 115 £130 ©105 100 

Canada: Platinum-group metals from nickel ore 10,485 12,190 10,930 12,541 10,375 

Colombia: Placer platinum 362 447 638 810 *964 

Ethiopia: Placer platinum® re) 2 1 1 : 2 

Finland: 

Palladium 35 96 89 106 100 | 

Platinum 35 120 120 54 60 

Japan, metal recovered from nickel-copper ores: ° 

Palladium 1,359 1,453 | 1,417 1,170 846 

Platinum 691 663 753 647 999 

South Africa, Republic of: Platinum-group metals 

from platinum ore* ’ | 115,100 123,200 ~ 131,300 133,300 135,800 

U.S.S.R.: Placer platinum and platinum-group | | 

metals recovered from nickel-copper ores‘ 118,200 *121,300 * 124,400 "127,500 127,500 

United States: Platinum-group metals from | 

palladium ores and gold-copper ores:° ® 

Palladium W W 2,330 3,730 4,850 

Platinum | Ww W 780 1,240 1,430 

Yugoslavia: 

7 Palladium 95 85 132 142 140 

Platinum 3 33 24 23 22 

Zimbabwe: Oo 

Palladium 30 35 29 46 35 

‘Platinum 19 26 18 28 20 | 

Total? * 246,988 *260,192 273,582 281,854 283,643 

€Estimated. ?Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from “Total.” 

1 Table includes data available through Apr. 25, 1990. Platinum-group metal production by the Federal Republic of Germany, Norway, and the United Kingdom is not included in this table because the 

production is derived wholly from imported metallurgical products and to include it would result in double counting. 

2 In addition to the countries listed, China, Indonesia, Papua New Guinea, and the Philippines are believed to produce platinum-group metals, and several other countries may also do so, but output is not 

reported quantitatively, and there is no reliable basis for the formulation of estimates of output levels. However, a part of this output not specifically reported by country is presumably included in this table 

credited to Japan. (See footnote 6). , 

3 Partial figure; excludes platinum-group metals recovered in other countries from nickel ore of Australian origin; however, a part of this output may be credited to Japan. (See footnote 6). 

4 Reported figure. , . 

> Data are for years ending June 30 of that stated. 

6 Japanese figures do not refer to Japanese mine production, but rather represent Japanese smelter-refinery recovery from ores originating in a number of countries; this output cannot be credited to the 

country of origin because of a lack of data. Countries producing and exporting such ores to Japan include (but are not necessarily limited to) Australia, Canada, Indonesia, Papua New Guinea, and the 

Philippines. Output from ores of Australian, Indonesian, Papua New Guinean, and Philippine origin are not duplicative, but output from Canadian material might duplicate a part of reported Canadian 

production. 

7Includes osmiridium produced in gold mines. 

8 Estimates for the Stillwater Mine, from published sources. 

? Data may not add to totals shown because of independent rounding. 

In the first quarter of 1990, the price | Exchange for Industry (TOCOM), and | were traded on the NYMEX in units of 

of rhodium exceeded $2,000 per ounce, | to a lesser extent on the MidAmerica | 50 and 100 troy ounces, respectively. 

a record high for this metal. In 1989, | Exchange.’* Futures contracts help | Table 8 shows the number of contracts 

the average price of rhodium was only | consumers of platinum and palladium | traded, yearend, for 1986 through 

$1,300. The immediate cause of the | lock in prices and allow speculators an | 1989. 

price rise was attributed to technical | opportunity to make profits. By com- Trading of platinum futures con- 

production difficulties at a newly com- | paring the current price with the price | tracts on the TOCOM began in 1984. 

missioned refinery in the Republic of | for future delivery, one can surmise | The contract unit was 500 grams, the 

South Africa. whether speculators expect prices to | quality specifications were 99.9%, and 

Futures contracts are traded on the | rise or fall. prices were quoted in Japanese yen per 

New York Mercantile Exchange Platinum and palladium futures con- | gram. 

(NYMEX) and the Tokyo Commodity | tracts, specifying 99.9% metal content, In London, physical prices of plati- 
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TABLE 14 num and palladium bullion are set each 

SELECTED NORTH AMERICAN PLATINUM-GROUP METALS day in the morning and afternoon for 
REFINERS AND FABRICATORS the wholesale professional market. The 

eight companies participating in estab- 

——Comumy pg pam loeation OC Seca lishing prices were members of the 
MET Noses Me Ro eee London-Zurich Good Deliver y Agree- 

AT&T/Nassau Metals —sRefiner SC Gaston, SC CCC ectromicsS | ent that sets standards for platinum 
aod sSStaten sland, NY DOs znd palladium trading in Europe. Lon- 
Degussa/Metz Refiner, fabricator South Plainfield, NJ All don and Zurich are the two most im- 

Fabricator Burlington, Ontario Autocatalysts | portant European trading centers for 

Dupont Corp. do. Wilmington, DE Electronics platinum and palladium. 

Engelhard Corp. Refiner, fabricator Carteret, NJ All 

Fabricator Seneca, SC Catalysts 1U.S. Department of Defense. Report to the Congress 

Gemini Industries Refiner Santa Ana, CA Do. on National Defense Stockpile Requirements 1989, p. 8. 

Handy & Harman Refiner, fabricator South Windsor, CT Electronics *Coombes, J. S. Platinum 1989 Interim Review. 
_ SSS ?G”*~“s*é‘“‘“;“;*‘SCQU ~PlninicI NJ) dDOUN—«~*s Johnson Matthey PLC, p. 11. 

— OU Ent NSO 3Metals Week. Catalytic Converter Producers Gear 

Johnson Matthey Inc. do. West Deptford, NJ All Up For EC Demand. V. 60, No. 39, Sept. 25, 1989, p. 2. 
Martin Metals Inc. Refiner Los Angeles, CA Electronics “Mining Journal (London). Precious Metals Supple- 

Multi-Metco Inc. do. Anniston, AL Autocatalysts ment. V. 313, No. 8047, Nov. 24, 1989, p. 8. 
jigging Precious Metals News and Review. International 

NorandaLtd. dC Montreal, Quebec Electronics Precious Metals Institute Newsletter. V. 13, No. 12, Dec. 

PGP Industries Inc. Refiner, fabricator Santa Fe Springs, CA Do. 1989, p. 5. 

. Lasers & Optronics. Platinum Silicide’s Growing 

Challenge. V. 8, No. 10, Oct. 1989, pp. 63-67. 

7 Page 8 of work cited in footnote 4. 

8Sutphin, D. and N. J. Page. International Strategic 

. Minerals Inventory Summary Report—Platinum-Group 

_ Metals. U. S. Geol. Surv. circular 930-E, 1986, 34 pp. 

TABLE 15 °Russell, D. J. D. Anderson & Co. Inc., South. 

INDEPENDENT PLATINUM-GROUP METALS ASSAYERS Africa. Platinum Supply—Enough To Go Around? 
Speech given at the Second NYMEX International 

Platinum Dinner, NY, NY, Sept. 27, 1989, 20 pp. 

Company | | Location 10 Kallmann, S. A Survey of the Determination of the | 

Accredited Laboratories Inc. Carteret, NJ Platinum Group Elements. Talanta, v. 34, No. 8, 1987, 

ijn‘ om LO, 677-698. 

Alex Stewart (Assayers) Ltd. Meer ryside, England 11 Bureau of Mines, Branch of Nonferrous Metals. 
Alfred H. Knight Laboratories Ltd. Pompton Lakes, NJ | Nonferrous Metal Prices in the United States through 

Bondar-Clegg , Ottawa, Canada 1988. 135 pp. 
. . . 12Findlay, G. Trading in Platinum. Woodhead- 

International Testing Laboratories Newark, NJ Faulkner Ltd., 1988, 170 pp. 

Ledoux & Company Teaneck, NJ : 

Umpire & Control Services Inc. West Babylon, NY OTHER SOURCES OF INFORMATION 

: Bureau of Mines Publications 

Platinum-Group Metals. Ch. in Mineral 

, Facts and Problems, 1985. 

TABLE 16 Other Sources 

American Metal Market (daily paper). 
COLLECTORS AND REFINERS OF AUTOCATALYSTS Hull & Co., Greenwich, CT. 

| Platinum-Group Metals 1986-2000. A 

Company Type Plant location Multiclient Study. Mar. 1988, 362 pp. 

A-1 Specialized Services & Supplies Inc. Collector South River, NJ Metals Week. 

Bowden Industries Inc. do. Covington, TN 

Brown Recycling & Manufacturing do. Somerville, AL 

Catalytic Converter Refining Co. do. Northlake, IL 

INCO Ltd. Refiner Sudbury, Canada 

‘Metallurgie Hoboken Overpelt/SGM do. Hoboken, Belgium 

Multi-Metco do. Anniston, AL 

Nissan Group/Ikeda do. Japan 

Parkans International Inc. Collector Houston, TX 

Sumitomo Metal Mining Co. Refiner Japan 

U.S. Scrap Co. ; Collector Los Angeles, CA 

PLATINUM-GROUP METALS MINERALS YEARBOOK—1989 7199





By James P. Searls 

Mr. Searls, a physical scientist, has been the commodity specialist for potash for 10 years. Domestic survey data were 
prepared by Carleen Militello, mineral data assistant; and international data were prepared by Giovanni P. Jacarepaqua, 

international data assistant. | 

.S. potash production in | Canada provided an amount equal to | the 12 survey requests sent to opera- 
( | terms of potassium oxide | 69% of domestic apparent consump- | tions, 11 responded, representing 98% 

(K,O) equivalent increased | tion. U.S. exports increased 17%, with | of total production shown in table 1. 
5% relative to that of 1988, | exports to Brazil, Japan, and Mexico 

and apparent consumption declined | showing the greatest improvement. a 
15%. Sales by U.S. producers increased STRATEGIC 
8% for the year. Average prices in- | = =SSSSECCCSCSCSsSCSSSSS.. «| CENSIDERATIONS | 
creased 5% over that of 1988 on the | DOMESTIC DATA $$ 
basis of K,O equivalent, but there was | COVERAGE 
a decline in the last 2 weeks of the year. | —— Strategic considerations concerning 
Yearend stocks increased 24% from | potash for the United States are rela- 
1988 due to the increased production. The Bureau of Mines developed pot- | tively minor problems. Although the 
U.S. net import reliance as a percentage | ash domestic data from voluntary semi- | capacities of U.S. potash mines have 
of apparent consumption was 65%. | annual surveys of U.S. operations. Of | not expanded to meet the expanding 

| TABLE 1 | 

SALIENT POTASH! STATISTICS 

(Thousand metric tons and thousand dollars, unless otherwise specified) 

1985 1986 1987 1988 1989 
United States: 

Production 2,569 2,381 , 2,464 2,999 3,132 

K,O equivalent 1,296 1,202 1,262 1,521 1,595 

Sales by producers 2,505 2,291 2,904 2,802 3,008 

K,O equivalent 1,266 1,147 1,485 1,427 1,536 

Value? $178,400 $144,900 “$197,700 $240,300 $271,500 

Average value per ton of product dollars $71.22 $63.24 $67.98 $85.75 $90.28 

Average value per ton of K,O equivalent do. $140.89 $126.28 $131.73 $168.37 $176.74 

Exports? 973 1,025 926 783 945 

K,O equivalent 513 547 470 380 446 

Value* NA NA NA NA NA 

Imports for consumption? ° 7,571 6,934 6,706 6,964 5,618 

K,O equivalent 4,593 4,212 4,073 4,217 3,410 

Customs value $499,100 $385,100 $433,000 $623,000 $501,300 

Consumption, apparent ° 9,103 8,200 8,683 8,983 7,680 

. K,O equivalent 5,346 4,843 5,088 5,264 4,500 

Yearend producers’ stocks, K,O equivalent 7336 8378 155 248 307 

World: Production, marketable K,O equivalent 29,151 *28,788 30,526 P 32,108 ©29,789 

*Estimated. Preliminary. NA Not available. 

»tncludes muriate and sulfate of potash, potassium magnesium sulfate, glaserite, and some parent salts. Excludes other chemical compounds containing potassium. 

3 Excludes potassium chemicals and mixed fertilizers. 
*Fa.s. U.S. port. 
Includes nitrate of potash. 
® Calculated from production plus imports minus exports plus or minus industry and Government stock changes. 

7 Inventory adjustment of minus 6,000 tons. 

8 Inventory adjustment of minus 12,900 tons. 
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TABLE 2 

PRODUCTION, SALES, AND INVENTORY OF U.S. PRODUCED POTASH, BY TYPE AND GRADE 

(Thousand metric tons and thousand dollars) 

| Production Sold or used Stocks, end of 6-month period 

Type and grade weight equivalent weight equivalent Value’ weight equivalent | 
1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 

January-June: | 

Muriate of potash, | 
60% KO minimum: 

Standard 347 "342 212 ‘*'209 327 *387 199 ‘1236 ‘£23,800 ©30,600 99 118 60 72 . 

Coarse 116 130 71 79 112 130 68 79 “9,400 ©11,300 11 33 7 20 

Granular 497 513 300 310 506 504 306 305 °41,800 © 45,400 89 106 54 64 

| Chemical 6 5 4 3 6 6 4 4 W W 1 2 1 1 

Potassium sulfate 110 172 56 88 119 142 61 73  °20,000 ©24,500 21 76 11 38 

Other potassium salts 425 405 112 104 43] 446 114 _ 15 W W _106— _143_ 23 34 

Total? 1,501 1,569 755 7793 1,502 1,616 752 ‘812 °127,300 °'147,200 327. 478 = «156 229 
| July-December: ST 

Muriate of potash, | 

60% K,O minimum: | 

Standard 407 371 249 227 342 348 209 212 °25,500 “26,200 164 142 100 86 

Coarse 124 114 76 69 103 113 63 69 “8,400 *9,700 32 33 20 20 

. Granular 459 551 278 334 452 478 273 290 38,300 40,100 96 178 58 108 

Chemical 9 8 6 5 7 8 5 5 WwW W 3 2 2 1 

Potassium sulfate 119 153 61 78 94 146 48 74 16,800 28,800 46 83 23 42 

Other potassium salts? 381 366 97 89 303 299 77 74 WwW WwW 184 211 45 49 

Total? 1,498 1,563 766 802 1,300 1,392 675 724 °113,000 °124,300 525 649 248 307° 
Grand total? 2,999 3,132 1,521 1,595 2,802 3,008 1,427 1,536 °240,300 271,500 XX XX XXX XX 

*Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.”” XX Not applicable. 

'Fo.b. mine. 

2 Includes soluble muriate, manure salts, and potassium magnesium sulfate. 

3 Data may not add to totals shown because of independent rounding. 

TABLE 3 

PRODUCTION AND SALES OF POTASH IN NEW MEXICO 

(Thousand metric tons and thousand dollars) 

Crude salts! Marketable potassium salts 

Period (mine production) Production Sold or used 

Gross K,0 Gross K,0 Gross K,0 Value2 
weight equivalent weight equivalent weight equivalent 

1988: 

January-June 5,965 899 1,352 668 1,373 678 114,300 

July-December 6,543 954 1,371 690 1,162 593 99,500 

Total? 12,508 1,853 2,722 1,359 2,535, 1,271 213,800 
1989: ~ — — — — — OO 

January-June 7,029 987 1,401 700 1,476 730 © 133,200 

July-December 7,138 985 1,434 729 1,235 635 © 109,400 

Total 14,167 1,972 2,835 1,429 271 1,365 ©242,600 
© Estimated. 

'Sylvinite and langbeinite. 
*Fo.b. mine. 

3 Data may not add to totals shown because of independent rounding. 
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TABLE 4 the “three muriates,” a term that ig- 

SALIENT U.S. SULFATE OF POTASH! STATISTICS nores the soluble and chemical grades 
of muriate of potash. “Sulfates” is a 

(Thousand metric tons of K,O equivalent and thousand dollars) term for the addition of sulfate of 

potash data to sulfate of potash- 
1986 1987 1988 1989 | magnesia data. “Manure salts” used to 

Production 88 100 117 166 | refer to high-grade “run-of-mine” ore; 
| Sales by producers 97 109 109 147 | 25% K,O ore is nearly 40% KCI which 

Value? i (ssts—“‘é™S™;C;C;C*C«S30AB3~*«‘«‘«‘SSSOS~*«*«‘“«“ «BSA SS*S*«T«*BSS|:«*|:«C’ ON used on sugar beets. It now 
Exports?*i(‘é;O!#!WOUUCQ™OUO~!OU#«4G~. 9, 9g | refers to a mixture of white muriate of 
“Values SSOS*~C~SSO NANA NANA potash and common table salt for in- 
Imports) ——~SOC~S~CSCSCS aa gg dustrial uses. The New Mexico potash 

OO ____—_ | producers accounted for 90% of the 
Value’ 89,900 $10,500 $19,300 $11,700 | total marketable potash salts produc- 

Consumption, apparent®” 45 GS} tin. Production of crude salts in New 
Yearend producers’ stocks 25 16 23 42 | Mexico was 14.2 million tons! with an 
NA Not available, . average K,O content of 13.9%. The 
Deb mine aenestum sulfate. producers were AMAX Potash Corp. 
3 Bureau of the Census. of AMAX Inc., Eddy Potash Inc. of 
«Preliminary export data pending verification by the Bureau of the Census. | Trans-Resources Inc. , International 

6Cit wUS port Minerals & Chemical Corp. of IMC 
7 Calculated from production plus imports minus exports plus or minus industry stock changes. Fertilizers Inc. (IMCF), Mississippi 

Chemical Corp., New Mexico Potash 
Corp. of Trans-Resources Inc., and 

U.S. demand for potash, large amounts | and gas wells may leak natural gas into | Western Ag-Minerals Co. of Rayrock 
of high-grade potash ore reserves are | the potash mines. This would cause the | Resources Ltd. of Canada. All of the 

. across the Canadian border in the Prov- | potash mines to be declared “gassy” | New Mexico producers, except Western 
ince of Saskatchewan. The United | and would require major new invest- | Ag-Minerals, mined sylvinite ore and 
States has a long history of cooperation | ments in special equipment for gassy | beneficiated the ore into muriate of 
and friendship, even mutual invest- | mines. This additional financial burden | potash. Several beneficiation processes 
ments, with Canada as indicated by the | may cause potash producers to go out | were used: The flotation of sylvite (po- 
recent Free Trade Agreement between | of business before the potash deposits | tassium chloride) away from halite (so- 
Canada and the United States. There is | are completely recovered. This would | dium chloride) occurred at AMAX Pot- 
little to worry about concerning a pot- | bea loss to the United States and would | ash, Eddy Potash, and Mississippi 
ash cutoff by the Canadian producers. | increase dependence on imported pot- | Chemical; the IMCF plant used heavy 
There are multiple pathways between | ash. The Carlsbad area would be se- | media separation, and New Mexico 
the two countries that preclude the | verely impacted economically by the | Potash used selective crystallization in 
interdiction of trade by natural disaster | shutdowns and consequent loss of | their plant; Western Ag-Minerals and 
or sabotage of railroad bridges or | jobs. IMCF mined langbeinite ore and bene- 
ports. The Canadian potash mine ca- ficiated the ore to sulfate of potash- 
pacities were built with the expectation | _.- = Ss CCCCCCCSCSCSC#T:s maagrneik. The IMC personnel mined 
of sales to the U.S. market, especially | PRODUCTION both types of ore and reacted fractions 
in the Corn Belt. A cessation of trade | ———-—_-——__——_ | ff each potash product to produce sul- 
with the United States would close at fate of potash. 
least 60% of the Canadian capacity Domestic potash production, in K,O One plant in Texas and one plant in 
until the offshore market for potash | equivalents, increased 5% in 1989 com- | Utah manufactured sulfate of potash. 
grew. pared with that of 1988. Of the total ; AMAX Potash operated the plant in 

production for the year, 77% was stan- | Dumas, TX, and that production was 
CC‘ (OU. dard, coarse, and granular muriate of | reported in both the Bureau of Mines 

ISSUES potash, also known as potassium chlo- | sulfate of potash mine production to- 
££ | ride, and 10% was sulfate of potash, | tals and the potash production totals 

also known as potassium sulfate. The | shown in the tables. The Permian 
The Reilly-Wendover potash opera- | remaining production included manure | Chemical Corp. sulfate of potash plant 

tion on the western end of the Bonnev- | salts, soluble and chemical grades of | in Odessa, TX, was closed for the year. 
ille Salt Flats came under question con- | muriate of potash, and sulfate of | The Climax Chemical Co. plant in 
cerning the environmental impact of | potash-magnesia, also known as potas- | Utah produced about 23,000 tons. This 
mining under the salt flats. The Carls- | sium magnesium sulfate. The terms | company’s production was not. in- 
bad, NM, producers mine areas that oil | “standard,” “coarse,” and “granular” | cluded in either the Bureau of Mines 
and gas producers would like to drill on | refer to the particle sizes of the finished | sulfate of potash mine production to- 
an exploratory basis. The potash pro- | product. “Standard,” “coarse,” and | tals or the total mine production of all 
ducers are deeply concerned that the oil | “granular” muriate of potash comprise types and grades of potash. 
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In Utah, Moab Salt Inc. produced | 15% compared with that of 1988. This | of Minnesota’s consumption, 9% of 

muriate of potash for Texasgulf Chem- | is an extremely difficult decrease to | Indiana’s consumption, 59% of Mis- 

ical Co. from underground bedded de- | understand when compared to the Pot- | souri’s consumption, and 1% of Wis- 

posits by solution mining and solar | ash & Phosphate Institute’s (PPI) re- | consin’s consumption. The major agri- 

evaporation. The sylvinite salts from | port of a slight increase in potash con- | cultural consumers of domestically 

the solar ponds were beneficiated by | sumption. The problem appears to be produced potash, in decreasing order, 

flotation to separate the sylvite from | with the Bureau of Census’ import | were Missouri, Texas, California, Illi- 

the halite. Climax Chemical converted | data, which show a 19% decrease while | nois, Florida, and Arkansas. These six 

some of Moab Salt’s potassium chlo- | PPI import data concerning Canada | States accounted for 59% of the total. 

ride to potassium sulfate for sale by | shows a 1% increase. Part of the an- | The major consumers of the domesti- 

Texasgulf. Great Salt Lake Minerals & | swer may be in the amount of potash in | cally produced sulfates of potash, in 

Chemicals Corp. began production of | warehouses not owned by potash pro- decreasing order, were Florida, Califor- 

sulfate of potash by solar evaporation | ducers over the winter of 1988-89. nia, Georgia, Texas, North Carolina, 

and conversion from kainite. The | There may have been a problem with | Ohio, and Kentucky. These six States 

Reilly-Wendover operation of Reilly In- | importers not listing the imported pot- accounted for 65% of the total. 

dustries Inc. plant produced muriate of | ash under the new Harmonized Code | 

potash and manure salts by solar evap- | categories. If the Potash & Phosphate | _. | 

oration and flotation from near-surface | Institute aggregate imports figures were | STOCKS 

brines at the west end of the Bonneville | used, the apparent consumption of the | —————————————— 

Salt Flats. United States would be 5.27 million 

In California, Kerr-McGee Chemical | metric tons or essentially level with last Yearend producers’ stocks of potash 

Corp. continued to produce both muri- | year. increased 24% from that of 1988. 

ate and sulfate of potash along with According to the Potash & Phos- | Yearend stocks represented 19% of an- 

other products by selective crystalliza- | phate Institute, the consumption of nual production or 10 weeks of average 

tion from the underground brines of | agricultural potash from Canadian and | production. 

Searles Lake. United States potash producers rose 

Near Hersey, MI, Kalium Chemical | 3% from 1988 to 1989. The major | — — ———————__________ 

Ltd. of Sullivan and Proops Inc. com- | States for consumption of agricultural | PRICES 

menced potash production by solution | potash from Canadian and United | 

mining of an ore body, which was | States potash producers, in decreasing 

about 2,400 meters deep. Only minor | order, were Illinois, Iowa, Ohio, Min- The average annual price, f.o.b. 

amounts of muriate of potash were | nesota, Indiana, Missouri, and Wis- | mine, of U.S. potash sales of all types 

produced on a pilot plant scale. consin. These seven States consumed | and grades was up 5% compared with 

Greensand, also known as glauco- | 59% of the total from Canadian and | that of 1988 to $176.74 per ton. The 

nite, a natural silicate of potassium, | United States producers. Domestic pro- | average price was $181.36 per ton for 

aluminum, iron, and magnesium, was | ducers provided 10% of Illinois’ potash | the first one-half of the year and 

produced by Inversand Co., a subsid- | consumption, 8% of lowa’s consump- $171.56 per ton for the second one-half 

iary of Hungerford and Terry Inc., | tion, 4% of Ohio’s consumption, 2% of the year. The average annual price of 

near Clayton, NJ. Contractors Sand & 
Gravel Co. near Middletown, DE, 

ceased production of greensand at the FIGURE 1 

end of 1988. Production and sales in- THE REAL PRICE OF POTASH, ALL TYPES AND GRADES 
formation are withheld to avoid dis- 

closing company proprietary data. Proc- (GNP price deflator) 

essed greensand continued to be sold as 600 ee 

a filter media for the removal of man- 
ganese, iron, and hydrogen sulfide O 
from drinking water supply systems. | w 99] 
Classified raw greensand was resold by a M | 

Zook and Ranck Inc. as a soil condi- | 2 400 
tioner and as a source of slowly re- oO | 
leased potash, with a K,O equivalent | © oT 
between 5% and 10%, to the organic | & 300 \] a 

farmers of North America. iT pv \ 

= 200 — > 
| 

Apparent domestic consumption of 0 7 Lititititititiitit titi 
all forms of potash in 1989 decreased 1985 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1999 
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TABLE 5 the three grades of muriate increased to SALES OF NORTH AMERICAN POTASH, BY STATE OF DESTINATION | $137.05 per ton. Standard-grade muri- | ate of potash averaged $126.66 per ton, (Metric tons of K,O equivalent) coarse-grade averaged $141.91 per ton, 
| and granular-grade averaged $143.67 

Agricultural Nonagricultural per ton. The average annual price for State 7 potash potash all grades of sulfate of potash averaged 
1988 1989 1988 1989 $321.90 per ton. | 

Alabama 63,278 57,895 106,001 111,870 The effect of the price agreement Alaska 274 1,574 — — | between the U.S. Department of Com- Arizona 1,742 2,807 1,789 1,749 | merce and the Canadian potash pro- Arkansas tS 48,203 57,467 560 103 ducers in January 1988, can be seen in 
California 70,826 71,063 8,052 6,839 | Perspective in figure 1. Colorado” 7,871 9,902 2,278 1,065 
Connecticut . 3,650 6,084 69 114 | 
Delaware 17,509 16,995 41,603 39,945 | ADEN ToAnL 
Florida 95,976 154,752 823 749 FOREIGN TRADE 
Georgia 110,228 116,795 2,249 2,216 
Hawaii _ 9,093 8,475 1,141 Total U.S. potash exports as reported Idaho 22,778 23,787 32 883 | by the Bureau of the Census increased Illinois 604,351 593,744 1,791 1,932 | 17%, by ton K,O. The major destina- Indiana 301,184 333,268 854 1,630 | tions of potash exports were to Latin lowa 450,110 478,596 1,725 2,165 America, which received 67% ’ by prod- Kansas. 46,553 46,676 2,840 1,526 | uct tonnage, of the total exports. The Kentucky 110,383 114,280 329 584 individual countries were, in decreasing 
Louisiana” 143,318 131,146 3,598 3,021 | Order, Brazil, Mexico, Colombia, Costa Maine 5.967 3519 556 549 Rica, Dominican Republic, Peru, and a , , Chile: These seven countries accounted Maryland 28,533 28,077 158 375 | for 89% of the exports to Latin Amer- Massachusetts 3,861 2,502 718 679 | ica. Three countries represented 89% Michigan 174,549 209,779 5,392 5,994 | of the non-Latin American market: In Minnesota 318,475 341,110 2,023 4,920 | decreasing order, these were Japan, Mississippi 27,466 32,773 41,670 40,591 | China, and Canada. Exports of sulfate Missouri | 241,883 273,227 2,870 3,270 | Of potash declined 14% from that of Montana” 9,773 11,492 710 215 | 1988 and represented 18% of U.S. pot- | Nebraska OO 29,643 32,613 1,047 1,073 ash exports. For the nearly 13,000 tons Nevada 66 18 80 104 decrease in sulfate of potash exports New Hampshire 3 305 780 59 34 there was an increase of more than oo 

20,000 tons (45%) of sulfate of potash- New Jersey 6,153 5,270 2,022 2,500 magnesia exports. 

New Mexico 16,344 9,074 16,319 21,008 Potash imports for consumption as New York 64,900 48,138 19,565 23,250 | reported by the Bureau of the Census North Carolina 87,801 72,107 727 689 | declined 19% by ton product. Muriate North Dakota 19,450 27,539 15 15 | of potash imports declined 19%, and Ohio 421,591 362,297 55,260 47,116 | Only Jordan showed an increase from Oklahoma 22,170 23,027 3,486 3,617 | those of 1988. Canada provided 91% Oregon t—S™S 22,065 26,454 1,593 2,181 | Of all potash imports by K,O content Pennsylvania. 51,387 53,886 3,238 3,101 but declined 18% from those of 1988. 

Rhoden 288 ‘ a | Canada provided 2% of ll murat of South Carolina 73,328 64,003 B 76 largest source of imports with 5% of South Dakota 15,007 15,678 a 122 | muriate of potash imports and 5%, by Tennessee 86,152 81,193 1,004 2,134 | K,O content, of total potash imports. Texas ~ 131,720 131,011 33,347 27,671 | Imports of potash from the U.S.S.R. Utah 7,390 15,912 7,516 9,804 | declined 68% from those of 1988. Vermont 1,893 3,635 — — The PPI reported decrease of im- Virginia 79,845 75,454 117 201 | ports from offshore sources of 44%. Washington 34,765 40,201 806 2,855 | Canada increased exports of potash to West Virginia 1,793 9,857 84] 544 | the United States by 1% for an aggre- 
A gate decrease of 4% of potash imports. 
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TABLE 5—Continued WORLD REVIEW 

SALES OF NORTH AMERICAN POTASH, BY STATE OF DESTINATION TT 

(Metric tons of K,0 equivalent) World production decreased 7% be- 

ee 
low that of 1988. World prices, as 

Agricultural Nonagricultural exemplified by the per-ton price of 

State potash potash standard muriate of potash, f.o.b. Van- 

1988 1989 1988 1989 couver, Canada, rose from approxi- 

Wisconsin 253,702 267,447 16,267 24,345 | mately $152 (about $91 per ton prod- 

Wyoming 1,681 2,012 383 21,153 | uct) in October 1988, to approximately 

Total 4,351,460 4,497,353 393,134 426,609 | $165 (about $99 per ton product) in 

Source: Potash & Phosphate Institute. 
January 1989, and stayed at that level 

until August. The price declined to 

approximately $162 (about $97 per ton 

product) by October. These prices were 

reported by British Sulphur Corp. Ltd. 

These prices reflect, in the first one- 

TABLE 6 half of the year, the rising of the inter- 

national price to meet the domestic | 

SALES OF NORTH AMERICAN MURIATE OF POTASH TO U.S. price. After August, the less-than- 

CUSTOMERS, BY GRADE expected spring and fall sales in the 

, , United States and the continued pro- 
(Thousand metric tons of K,O equivalent) duction by all of the North American 

a 
| producers lifted North American 

Grade —~i9BGH 987 9B stocks to a level high enough to permit 

Agricultural: | | international market prices to decline. 

Standard 319 328 259 310 | In the last 2 weeks of December, there 

Coarse 1,882 2,078 2,095  _—«-2,036 | was price cutting in the domestic mar- 

Granular 1,683 1,866 1,530 1,658 | ket but this did not affect the interna- 

Soluble __ 336 _ 360 __339 342 tional price. | 

Total 4,220 4,632 4,223 4,346 

a a = == == === | Industry Structure 
gricultural: 

. 

Soluble OCS 98 98 104 116 The two largest potash producing 

Oe 395 369 383 305 countries in the world are the U.S.S.R. 

oo — — — _°* | and Canada with 10.5 million tons and 

_ Toth _323 _33! _387 _421 | 7.458 million tons of production, respec- 

Grandtoal SAB 88D IDO tively. These two countries produce 

Source: Potash & Phosphate Institute. 
about 62% of the world total. The pot- 

ash produced in the Soviet Union was 

delivered primarily to their domestic 

farms and eastern European neighbors 

| leaving approximately 3.5 million tons 

for export. The Canadians sold only 

TABLE 7 315,000 tons domestically and sold 

1 about 6.8 million on the world market. 

PRICES” OF US. POTASH, BY TYPE AND GRADE As a result, Canada is the world leader 

(Dollars per metric ton of K,O equivalent) and price setter in potash. Canada is also 

a the swing producer, responsible for keep- 

1987 1988 1989 ing stocks of finished product below a 

Type and grade January July-__ January July-__ January July- level that would lead to the lowering of 

June December June December June December potash price. The world price bench- 

Muriate, 60% K,O minimum: 
mark is set between Canada and a com- 

Standard e428 103.28 -«19.73.—=«W122.29-~=«*29.84 —_123.45._‘| Dimation of China, India, and Japan. 

Coarse 86.35. 113.05 137.28 133.95 142.77 140.92 wore prices are typical date. Van 

Granular , . , , , , i Se 

see ee lang) 328 couver, British Columbia, the port from 

__ AI maurtate 
oer which most of Canada’s potash is ex- 

Sulfate, 50% K,O minimum 331.06 295.65 __—_-326.98__—335.76_—«336.48 __—306.96__| ported. The U.S.S.R. has sometimes sold 

» Average prices, fob sin ase ones potash at prices that are lower than the 

° —__s Canadian prices because the U.S.S.R. 

product quality has not always been up 
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TABLE 8 

AVERAGE ANNUAL U.S. PRODUCER PRICE 

(Dollars per metric ton, K,O equivalent) | 

I I_W— 

Nominal prices Based on constant 1988 dollars, 1982 = 100 

Year All types Muriate All types Muriate 

and ——_—_—_—______—_————-___ Sulfate Other and ——_—______———————____ Sulfate Other 

grades Standard Coarse Granular grades Standard Coarse Granular 

1968 30.64 23.53 27.61 29.29 — 56.18 98.91 75.96 89.13 94.55 — 181.36 

1969 28.92 20.88 24.7 25.61 — 52.37 88.43 63.85 75.53 78.31 — 160.14 

1970 39.64 29.52 35.47 37.9 — 60.87 114.86 85.54 102.78 109.82 © — 176.38 

1971 42.84 34.83 38.78 41.47 78.32 54.43 117.42 95.47 106.30 113.67 214.67 149.19 

1972 44.22 36.52 38.87 39.99 89.19 56.82 115.73 95.58 101.73 104.66 233.43 148.71 

1973 47.69 38.14 41.8 42.78 91.14 71.64 117.25 93.77 102.77 105.18 224.08 176.13 

1974 68.7 58.04 58.83 56.52 122.12 100.42 154.83 130.80 132.59 127.38 275.22 226.32 

1975 99.69 84.45 83.33 81.69 188.95 130.74 204.59 173.31 171.02 167.65 387.78 268.31 

1976 92.97 69.54 73.33 76.69 — 219.61 137.09 179.31 134.12 141.43 147.91 423.56 264.40 

1977 92.66 63.56 79.37 79.72 191.36 150.63 167.56 114.94 143.53 144.16 346.04 272.39 

1978 98.17 67.97 81.81 83.66 203.68 161.83 165.47 114.57 137.90 141.02 343.32 272.78 

1979 116.91 87.34 100.97 101.84 226.67 189.79 181.02 135.23. 156.34 157.68 350.96 293.86 . 

1980 159.63 127.2 139.36 138.63 261.79 227.88 226.69 180.63 197.90 196.86 371.76 323.61 

1981 172.4 136.55 141.61 136.86 349.23 262.78 223.20 176.79 183.34 177.19 452.14 340.22 

1982 148.87 106.36 115.9 109.53 352.35 248.56 181.17 129.44 141.05 133.30 428.81 302.50 

1983 145.97 95.45 106.72 102.05 341.64 228.71 170.98 111.80 125.00 119.53 400.17 267.89 

1984 147.53 106.33 110.22 110.79 375.45 243.84 166.71 120.16 124.55 125.19 424.26 275.54 

1985 140.89 — 100.07 96.21 92.60 353.28 246.54 154.19 109.52 105.30 101.34 386.64 269.82 

1986 132.49 80.99 87.49 81.17 312.82 298.40 141.32 86.38 93.32 86.58 333.65 318.27 

1987 132.90 93.68 99.80 93.55 303.43 271.73 137.65 97.03 103.37 — 96.89 314.27 281.45 

1988 168.37 121.05 135.69 138.28 335.74 282.25 168.37 121.05 135.69 138.28 335.74 282.25 

1GNP implicit Price Deflator used. 

2 Imctudes chemical and soluble muriates, manure salts, potassium magnesium sulfate, and before 1971, potassium sulfate. 

3 Prior to 1971, potassium sulfate was included with “Other.” 

to international standards. The U.S.S.R. | ash in a pond from September to May. Egypt | 

is the world’s largest potash-consuming | The Dead Sea Works of Israel entered The BHP-Utah International Inc. 

area. Outside of the U.S.S.R., the largest | into negotiations to purchase the 40% | firm signed an agreement with the 

potash-consuming area is the corn- | portion of Allan Mine in Saskatch- | Egyptian Geological Survey and Min- 

soybean belt in the Middle West. Illinois, | ewan. This portion is presently owned | ing Authority to investigate a potash 

Indiana, and Iowa consumed more pot- | by Saskterra Fertilizer Ltd. of Canterra | occurrence in Egypt.” 

ash than China in 1989. Energy. 
France 

Brazil Chile The potash workers held a strike for 

Petrobras Mineracado S.A. expressed Sociedad Chilena de Litio Ltda. | assurance of employment until the year 

optimism concerning the ultimate via- | commenced production of muriate of | 2004, the expected year of potash ore 

bility of the Tarquari-Vassouras Mine | potash in its Salar de Atacama ponds in | depletion for the Alsatian potash 

by purchasing four continuous miners.2 | 1988.4 Because this product was sold | mines. Late in the year, the Govern- 

There is a report that the Rosario Mine | to Sociedad Quimica y Minera de Chile | ment commenced public dialogue con- 

. has started trial production.° (SOQUIMICH) for inclusion into SO- cerning rationalization of the French 

QUIMICH’s KNO, product, it is not chemical industry, including the fertil- 

Canada clear whether there was double count- | izer industry. Enterprise Miniere et 

Potash Corporation of Saskatch- | ing in Chile’s total production figures. | Chimique, the sole potash producer in 

ewan commenced a program to take the France, may be folded into Société 

sales arm of the company private, with Nationale Elf Aquataine. 

stock and bonds to be sold on the open | China 

market. Potash Company of America’s The 120,000-ton-per-year First Phase | German Democratic Republic 

new operation reopened in May. The | of the Qinghai Fertilizer Factory com- During late winter, a mine collapse in 

new methodology involves solution | menced operation in the middle of the | the Ernst Thaelmann Mine of the Kal- 

mining and cold crystallization of pot- | year. ibetrieb Werra halted production at 
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TABLE 9 

U.S. EXPORTS OF POTASH, BY COUNTRY! 

(Metric tons of product) 

Potassium Potassium sulfates, Total? 
Country chloride all grades 

1988 1989 1988 1989 1988 1989 
Algeria —_— 1,200 — — — 1,200 
Argentina 330 7,200 4,150 1 4,480 7,200 
Australia 190 830 14,390 9,280 14,580 10,110 
Bahamas — — 380 640 380 640 
Belgium-Luxembourg 38,570 — — — 38,570 — 
Belize 1,950 2,790 — 430 1,950 3,220 
Bolivia 280 530 — 580 280 1,110 
Brazil 172,460 229,820 24,050 21,470 196,510 251,290 
Canada 1,220 1,710 69,920 54,310 71,140 56,020 
Chile 8,000 6,800 28,080 20,270 36,080 27,070 
China — — 22,000 73,940 22,000 73,940 
Colombia 25,490 53,870 51,470 25,020 76,960 78,890 
Costa Rica 13,520 26,550 14,700 23,110 28,220 49,660 
Dominican Republic 25,260 35,820 6,590 3,930 31,850 39,750 
Ecuador 11,030 6,130 3,178 13,020 14,208 19,150 
Egypt — 130 — — — 130 
E! Salvador 20,750 4,080 2,160 | 500 22,910 4,580 
France 170 — 7 110 — 280 7 
Greece 230 — — — 230 | — 
Guatemala — 5,200 — 3,700 — 8,900 
Guyana 2,000 — 700 400 2,700 400 
Honduras 4,000 1,900 340 6,990 4,340 8,890 
Ireland 11,910 — — — 11,910 — 
Italy 30 800 160 — 190 800 
Japan 28,720 16,520 62,540 116,300 91,260 132,820 
Korea, Republic of 1,130 11,430 90 80 1,220 11,510 
Malaysia — — 16,630 — 16,630 — 
Mexico 8,090 61,330 13,470 37,140 21,560 98,470 
New Zealand 2,880 120 90 460 2,970 580 
Panama 2,040 2,140 50 860 2,090 3,000 
Peru 50 12,140 12,070 21,070 12,120 33,210 
Philippines — 9 300 — 300 9 
Saudi Arabia | 20 — 5,780 — 5,800 ~ 
Singapore — — 110 — 110 — 
South Africa, Republic of 30 — 2,200 — 2,230 — 
Spain 9,300 — 40 — 9,340 — 
Sweden 800 950 — — 800 950 : 
Taiwan — — 260 350 260 350 
Thailand — — 5,250 4,000 5,250 4,000 
Trinidad — 2,610 — 490 — 3,100 
United Kingdom — 3,530 — 2 — 3,532 
Venezuela 9,880 42 20,050 10,500 29,930 10,542 
Other 500 390 720 36 1,220 426 
Total? 400,831 496,575 382,027 448,880 782,858 945,455 

2 Includes potassium magnesium sulfate. 
3 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 10 
| U.S. IMPORTS FOR CONSUMPTION OF POTASH, BY COUNTRY 

Metric tons of product Total value (thousands) 

County ona” egae™ —Potasum rota Total Customs Gai 
1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 1988 1989 

Belgium- 
Luxembourg 5,000 21 2,700 5,800 — — — — 7,700 5,800 $900 $1,100 $1,100 $1,200 

Canada 6,009,100 5,089,800 200 900 4,500 — 800 — 6,014,600 5,090,700 523,200 440,100 559,500 509,200 
Chile — — — — 7,600 19,000 32,900 11,500 40,500 30,500 6,100 5,100 7,000 6,000 
Dominican 
Republic 12,900 — — — — — — — 12,900 — 1,200 — 1,300 — 

France — — 4,100 10,200 — — — — 4,100 10,200 1,000 1,800 1,100 2,200 | 
German 
Democratic 
Republic 154,300 56,300 — — — — — — 154,300 56,300 13,300 5,000 15,200 5,700 

Germany, 
Federal 

| 
Republic of 29,100 400 79,200 45,600 — — — — 108,300 46,000 18,300 7,200 20,600 8,100 

Israel 288,500 248,200 — — 23,400 14,700 — — 311,900 262,900 31,300 30,400 36,700 34,300 
Italy 28 — 60 400 — — — — 88 400 30 40 30 40 
Japan 38 40 — — — 6 — 100 38 150 20 90 20 100 
Jordan — 22,000 — — — — — — — 22,000 — 2,000 — 2,400 
Netherlands 8,800 3,000 1,000 73 — — — — 9,800 3,100 1,200 343 1,300 400 Poland — — — — — 36 — — — 36 — 20 — 20 
U.S.S.R. 276,600 87,200 — — — — — — 276,600 87,200 24,100 7,900 28,400 9,600 
United | 

| Kingdom 23,000 3,000 — — — — — — 23,000 3,000 2,200 180 2,500 220 
Total ! 6,807,400 5,510,000 87,300 63,000 35,500 33,700 33,700 11,600 6,963,900 5,618,300 662,900 501,300 674,700 579,500 

'Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census, as adjusted by the Bureau of Mines. 

that site.° The shock waves also caused dustry, Minerals and Energy accepted OUTLOOK 
damage at the nearby Wilhelm Pieck | the development of the Bamnet Narong | ~~~ 
Mine. resource as a project.” The project cost . 

was placed at $300 million, but the | United States Demand 
Israel finished product capacity has not been The Bureau of Mines funded a study Dead Sea Works Ltd. (DSW) offi- | set. The Government of Thailand will | of the fertilizer market by The Wharton cials announced the discovery of a solid | finance 20% and the ASEAN organi- | Econometric Forecasting Associates potash ore body, called Har Sdom, | zation will finance 40% of the project. | (WEFA) Group in 1988. Their model which was being investigated for under- | The last 40% will be open to regional | forecasted an increase in grain exports ground mining.’ In the middle of the private industry. Kali und Salz AG of | that resulted in a 2.6% increase in year, the Government of Israel an- | the Federal Republic of Germany will | potash consumption out to 1995, at nounced plans to sell over 50% of the | provide engineering. which time, the consumption would be stock of the DSW. At the end of the 5.7 million tons K,O. 
year, the Knessett expressed hesitancy For this Minerals Yearbook, the Bu- about losing control of the DSW. US.S.R. reau of Mines funded a macroeco- 

An agreement in principal has been | nomic forecast by DRI Inc. of some Jordan reached with Minerals and Metals | general macroeconomic series. By re- Modifications over the past 6 years Trading Corp. of India whereby India gressing the Bureau of Mines potash to the Arab Potash Co. solar ponds and | would develop the Port of Muriupol on | apparent consumption time series on refinery have raised the capacity of the | the Azov Sea,'° which connects to the | several of these general macroeconomic operation to 810,000 tons per year.® Black Sea. The U.S.S.R. will ship | series, a simple model was found with 
600,000 tons of potash per year for an | an R? = .74. The three series used were Thailand unannounced period of time to pay for | “food exports,’ “grain mill produc- The Association of Southeast Asian | this development. This would be 60% | tion,” and “textile mill production.” Nations (ASEAN) Committee on In- | of India’s 1988 imports of potash. Using forecasts for 1995 of these three 
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series, a very optimistic forecast for | growth rate of 2% out to 1995 reaching TABLE 11 

1995 was derived, however, it is not | a consumption rate of 30 million tons WORLD POTASH ANNUAL 

likely to be achieved. Historical data do | per year. The data in figure 3 portray a PRODUCTION CAPACITY, 

not strongly support growth. Figure 2 | production history that was constant in DECEMBER 31, 1989, RATED : 

shows the historical data since 1962, | growth up to 1975 and started to CAPACITY! 

including the cusp in 1980. waiver, although the trend has contin- 
ued upwards. The problem of the rela- (Thousand metric tons of K,O equivalent) 

World Demand tionship between production and con- 

The WEFA Group model forecasts a | sumption is appreciated, but these are Rated 
capacity 

North America: 

FIGURE 2 Canada 11,520 

Mexico NA 

APPARENT CONSUMPTION, 1962-89 United States 1,920 

8 
Total 13,440 

South America: 

7 
| Brazil 150 

° Chile 45 

“x 6. \ Total 195 

2 | Eastern Europe: oO 

O 5 
German Democratic Republic 3,500 

oO U.S.S.R. 13,700 

cc 4 Total 17,200 

Lu 
. Western Europe: 

= 3 
France 1,680 

z 
Germany, Federal Republic of 2,700 

& 2 | 
Italy 400 

Oo 
| Spain 750 

< 4 
| United Kingdom _ 490 

| Total 6,020 

0 . | , Asia: OO 

1962 1965 1970 1975 1980 1985 1990 | _ China 120 
Israel | 1,260 

Jordan 810 

FIGURE 3 Total 2,190 

WORLD PRODUCTION | World total? ~ 39,050 _ 

35 
_ NA Not available. 

| Includes capacity at operating plants as well as at plants on 

standby basis. 

2 Data do not add to total shown because of independent rounding. 

o 30 _ Ys | 

x 
| | the best data available. Production may 

2 25 
vary a year behind consumption as 

o 
producers watch their stockpiles of fin- 

© 99 
ished product enlarge or contract, but 

© 
only if producers make production rate 

S 
changes no more than once a year. 

= 15 
= 

a 

$ 40 BACKGROUND 

> 
Oo Technology 

re § 
The technologies used in potash min- 

ing encompass those involved in explo- 

0 oa | ration, development of access to the 

1965 1970 1975 1980 1985 1990 | OFS: mining, beneficiation, and physi- 

cal processing. 

Exploration.—Potash minerals do 
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TABLE 12 | TABLE 13 

WORLD POTASH RESERVES AND SALIENT CANADIAN POTASH STATISTICS 
E , . RESERVE BASE (Thousand metric tons of K,O equivalent) 

(Million metric tons, K,O equivalent) 
ee 

1986 1987 1988 1989 | TD 
* 1 Reserves Reserve) Production! 6697 7,267 8,327 7,360 

CASE | Domestic sales by domestic producers! 327 499 416 315 
North American: Exports: 

__United States 88 360 | “United States ! 4,091 4,223 4,248 3,886 eee rei, 800 Canada 4,400 9,700 Overseas 1 2,612 3, 133 3,792 2,924 
eS eee SII LG 

—Mewico __NA_ __ NA Imports for consumption? 10 19 11 16 ee eee SS sid 
__Totaln _4,500__ 10,000 Domestic consumption? 337 518 427 331 ° . 

a South America: Yearend producers’ stocks ! 1,537 1,135 1,356 1,596 - ee eee PIO FO 
_ Brazil 60 400 ‘Data supplied by the Potash & Phosphate Institute. 

Chile 10 50 From Bureau of the Census export data. Sulfate of potash and nitrate of potash were landed on the Canadian east coast from European 
3 en ~~ | sources. 

_ Total® 707 _ 450 3Domestic sales by domestic producers plus imports. 
Europe: 

France? 23 45 

German Democratic | 
Republic 800 1,000 TABLE 14 

Germany, Federal 
1 

Republic 500 600 MARKETABLE POTASH: WORLD PRODUCTION », BY COUNTRY 
2 

_ltalyn 20 40 (Thousand metric tons of K,O equivalent) 
__ Spain? 30 50 

z meee USSR 3,000 22,600 Country 1985 1986 1987 1988? 1989° 
United Kingdom? 25 | 30 Brazil __ 18 62 56 60 

| Total 4,400 24,400 | Canada? 6,661 "6,753 7,668 8,311 *7,458 
Africas Chile? 21 20 23 25 25 
Congo — 20 | China° 40 40 40 40 40 
_fiiopia_ NA NA | France 1,750 1,617 1,539 1,502 1,200 

Tunisia NA OA | Gorman Democratic Republic 3,465 3,485 3,510 3,510 3,200 
Total — = _ 20 Germany, Federal Republic of 2,583 2,161 2,199 2,390 2,240 

Asia: a Israel 1,200 1,255 1,253 1,244 *1,271 
China 2000 NA | italy 205 158 178 197 200 
Israel 5S 150 | Jordan 561 660 734 785 790 
Jordan 55 150 | Spain 659 795 741 166 745 
laos NA 20 | USSR. 10,367 10,228 10,888 11,301 10,500 
Thailand CNA 100: | Gaited Kingdom 343 396 429 460 465 Total 310 400 | United States 1,296 1,202 1,262 1,521 *1,595 
___World total 9300 35,300 | Total 29,151 28,788 30,526 32,108 29,789 PE OOS PM PAO HAVO 47,107 
NA Not available. “Estimated. Preliminary. ‘Revised. The reserve base includes demonstrated resources that are cur- | Table includes data available through Apr. 18,1990. 

rently economic (reserves), marginally economic (marginal 2 Official Government figures. Potash & Phosphate Institute production data are given in table 13. reserves), and some of those that are currently subeconomic 3 Reporte d figure. 

Pact ae fesouress) by Bureau of Mines Division of Minerals ‘Data represent officially reported output of potassium nitrate product (gross weight basis) converted assuming 14% KO equivalent. 

Availability. 

3 Data may not add to totals shown because of independent 

rounding. 

BUSS. ‘has increased me reserve base of the Upper Kama | jn sedimentary-type areas. The original | Ciscarpathian area of the Western 
mined. Paentts the carnalixe ores can be 1 Stassfurt, German Democratic Repub- | Ukraine. 

lic, mines were discovered while digging 
a shaft for salt. The mines in New Access.—Shaft sinking to allow 

not typically show on the earth’s sur- | Brunswick, Canada, and Solikamsk, | worker-access to the ore zone is a rela- 
face, where they could be found in | U.S.S.R., were found during searches tively highly developed procedure that 

° . e ° ° 8 y e p Pp e routine surveys. Present potash miner- | for salt. The mines of the United | is done by specialists. The Canadian 
als are water soluble and would have | States, Saskatchewan, Canada, and | Elk Point Basin potash ore zone lies 

e 
e e ° Pp e washed away in the weather many cen- | France were discovered during searches | under a high-pressure aquifer that en- 

turies ago. They are normally found | for oil wells. Potash has been found as dangered any attempt to penetrate to 
during the search for another mineral | a mineral outcropping only in the | the potash zone below. To successfully 
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sink a shaft in this area the water zone Carlsbad, NM, mine owners have had to Mining.—Underground potash min- 

was frozen from above, and the shaft | add shafts to their mines because the | ing in the Carlsbad, NM, region and in 

was dug through the frozen section. | mining faces have advanced miles away | Saskatchewan, Canada, is relatively 

The shaft sinkers installed large cast- | from the original shafts. The cost of | clean and straightforward. The evaporite . 

iron sections that bolted together to | moving workers to the mining face and | beds are regular, tabular, and essentially 

form a water-tight cylinder extending | back to the original shaft during an | untilted. The Carlsbad beds are typically 

from above to below the frozen water | 8-hour shift becomes too high. It saves | no deeper than 300 meters and are mined 

zone. The top and bottom of this cyl- | wages and produces more tons of ore per | using classic room-and-pillar techniques. 

inder were sealed to the non-water- | worker-shift to sink a shaft near the | T he room-and-pillar method of mining 

bearing country rock by driving | working face and quickly bring the min- | has been used extensively in the United 

wooden wedges between the cast-iron | ers to the face. The potash ore in these | States and the U.S.S.R. This method can 

sections and the rock. These cast-iron | mines continues to travel to the original | be imagined by “looking down” on the 

sections are so precise that a constant hoist shaft to be available to the refinery | ore zone from above and dividing the 

temperature must be maintained in the | or mill. Mines may have as much as 20 | area to be mined into a checkerboard. 

shaft to prevent expansion and contrac- | miles of conveyor belts underground in | Then, imagine mining out a large L- 

tion, which might allow leaks to start. | both permanent (main line) and tempo- | shaped portion of each square, leaving a 

Shaft sinking through the Blairmore | rary (panel) placements. The Bergmans- | square pillar at the same (for example, 

Aquifer in Canada is so expensive that | segen-Hugo Mine in the Federal Repub- | lower left-hand) corner of each square. 

only two shafts are sunk per mine. In | lic of Germany uses a large spiral incline | The size of the square imagined for any 

most other potash mine shafts, the water | for personnel and equipment access by | ore and the relative size ratio of the pillar 

problems were solved with grouting. | motor vehicle. to the original square are determined by 

FIGURE 4 

NORMAL POTASH MINING, UNDERGROUND MINING WITH FLOTATION 

CRUSHER 

prccncacncnnonte: COMPACTOR =a HOIST 

FTC STORAGE SIZER — DRYER f ‘OO 
FLOTATION 

CELLS | | 

250 METERS TO 1100 METERS DEEP 

5 . y ut TTETTILTITIILLLLILLiliiiilictliliriiilislisiislicLicLiil
isLiilliftitrifrti 7H SKIP FOR 

CONVEYOR BELT HOISTING 
MINER 
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the ore zone depth and rock mechanics, | of the underlying salt formations into | pond floor and taken to a flotation especially the mechanical strength and | salt domes. Open sublevel stoping is the | plant for beneficiation to potassium integrity of the layer just above the ore mining technology in large rooms. A | chloride. The site on the north arm of zone. The relatively shallow depth of | stope panel is 200 meters high and | Great Salt Lake takes brine solely from Carlsbad potash means that the lithos- | several hundred meters long and wide. | the north arm of the lake and runs the tatic pressure allows safe mining with a Funnel-shaped draw holes are exca- | brine through many solar ponds. The recovery rate of about 75%. Continuous | vated at the bottom of the panel for | potash ore kainite is crystallized by miners are commonly used, sometimes loading railcars below. Then blocks of | solar energy in these ponds. One pond connected directly to the conveyor belt | ore are broken by blasting agents from | at a time is dewatered, and kainite is and sometimes loading to a pair of shut- | the bottom of the stope to the top. The | scraped from the floor of the pond and tle cars that transport the ore to the | broken ore falls to the funnels and into | transported to the plant which converts conveyor belt. The Carlsbad mines that | cars for haulage to the skip. One of the | the kainite to potassium sulfate. The produce potassium magnesium sulfate | benefits of this mining system is that | potash mine outside of Moab, UT, was | have to use blasting agents to loosen the | mill tailings are returned to the mine | once an underground mine but proved ore because the ore is too hard for mining | instead of going to surface tailings | too gassy and undulating. The mine machines. The potash mines in Saskatch- piles. The French mines dip from west | was converted to a solution mine by ewan, Canada, are much deeper, operat- | to east up to 25° and become hotter, | sealing the shafts and drilling wells to ing at between 975 and 1,040 meters. approaching 135° F, at their eastern | both uphill and downhill locations on | Lithostatic pressure on a potash ore zone edge.'! For this extreme heat, the | the side of a syncline. Fresh water is is critical at this depth. Underground | owner has installed 700 kilowatts of | pumped underground updip of the low- recovery is reduced to 35% to 45%, and, air-conditioning capacity underground. | est point mined. Brine pumped from the in some mines, the miners have to cut | The mining depth varies between about | lowest point of the mine is passed to panels that collapse to protect the miners | 460 meters and 1,070 meters. The | solar ponds for crystallization by solar in other panels. One technique is to mine | French mines have converted to long- | evaporation. One pond at.a time is dew- | five parallel, 18-foot-wide panels each | wall mining for the highest recovery | atered, and the sylvinite is scraped out of separated by about 20 feet of pillar. The | factor underground. They have driven | the pond and transferred to the Original outside panels collapse taking the stress roadways out to the extreme edges of | flotation plant for beneficiation to potas- off the inner three panels. The inner | their ore zones, installed continuous | sium chloride. The solution mine near three panels are then used for conveying mining equipment, and are retreating | Belle Plaine, Saskatchewan, mines ore potash ore away from the face, access for | to the shafts. The longwall miners are | which is about 5,000 feet deep. Concen- workers and equipment, and bringing | connected by several flexible chain con- | tric pipes move brine down a single well fresh air to and from the workings. Sev- | veyors to the mine’s main conveyor | to a cavity in the ore and return a satu- eral of the mines that use multiple panels belts, which lead to the ore shaft. rated brine to the plant for crystallization have collapsible, wheeled conveyor belts An important consideration in pot- using natural gas. The process is repeated connecting between the boring machines | ash mines is the gassiness of the ore | in the many wells in this operation. This and the head of the semipermanent con- | zone. The Boulby Mine in England and | plant is able to separate the halite from veyor belt leading to the hoist. The par- | both mines in France are considered | the sylvite in the evaporators and does allel panels are laterally connected by gassy mines. None of the mines in | not have to use flotation to beneficiate angled cuts that resemble “turkey Carlsbad, NM, are considered gassy, | the potassium chloride. The two firms tracks.” These groups of parallel panels, according to 45 years of sampling | using the waters from the Dead Sea in the called faces, are about 45 meters wide records; nor are any of the mines in | Middle East use solar evaporation to and leave a pillar that is about 45 meters | Canada. However, the Cane Creek | crystallize the potash ore out of the between each face. The Boulby Mine in | Mine near Moab, UT, was abandoned | brine. The water chemistry is such that a England is of the same depth and has | as an underground mine due to a meth- | combination of carnallite and halite are adopted this five-panel entry pattern to | ane gas explosion. harvested by the floating dredges. | permit mining at such depth. Miners in Other technologies used in North A new process is rumored to have Saskatchewan, working at a location that | America involve beneficiating naturally | started in northern Mexico. The Cerro is not quite as deep, found that they | occurring brines or solution mining. | Prieto geothermal generating plant could mine panels that were 40 feet wide | Each site has its slight variations. The | uses hot brines from geothermal wells with safety. This mine has an extremely | oldest potash-from-the-ground site in | to generate electricity. As the brines thick cover (back) of sait that provides | the United States is the Searles Lake | lose their heat to the power process, more structural integrity at this panel | site in southern California. Near- | salts crystallize out. The process was width. Mine practice is a single panel | surface brines are pumped into a plant | designed to crystallize potassium chlo- that may extend a mile at 90° to the main | for mechanical crystallizing of potas- | ride to a reasonably pure product. No passageway. Recovery is about 45% un- | sium chloride, potassium sulfate, and | information is available on the annual der these conditions. boron. At Wendover, UT, near-surface production at this time. The northern (Lower Saxony) potash | brines are gathered in shallow trenches The newest process in North Amer- beds of the Federal Republic of Ger- | and pumped to solar ponds for crystal- | ica is used in the recently flooded PCA many are extremely folded, even verti- | lization by evaporation. One pond at a | Mine and the Kalium Mine in Saskatch- cal, because the deposits have been | time is dewatered, and crystals of the | ewan, Canada. The ore zone is solution deformed by tectonics and the upflow | resulting sylvinite are scraped from the | mined, but instead of using solar evap- 
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oration or heat-driven evaporators and | company that operates potash mines in | DAP are often mixed together to make 

crystallizers as other solution and brine | Carlsbad, NM, and Esterhazy, Saskat- | a complete fertilizer application. If the 

operations do, potash is produced dur- | chewan. This technology uses a taco- | two products were not the same size 

ing the fall, winter, and spring from a | nite solution to separate the sylvite, | (and were mixed together in a fertilizer 

large, outdoor pond by cooling the | langbeinite, and halite by slight differ- | spreader), the smaller sized material 

brine to near freezing temperatures. | ences in density. Electrostatic separa- | would be segregated at the bottom of 

After the pure sylvite crystallizes at the | tion is used in over one-half of the mills | the spreader. During spreading, the ma- 

bottom of the pond, it is collected by | in the Federal Republic of Germany to | terial at the bottom of the spreader (the 

dredging. The mill is used only to dry | separate the complex salts that are re- | small sized material) would be applied 

and compact the crystals to several covered from some of their mines. | primarily to the first part of the field 

commercial sizes. This technology is | These ores contain sylvite, halite, car- | and the larger material would be ap- 

also proposed in the Karlyuk Mine site nallite, and kainite and are not well plied to the latter part of the field. 

in Turkmen S.S.R. where the first pilot | suited to aqueous separation. Leaching | Neither part of the field would receive a 

plant of this process was operated in | is used in Israel and Jordan to remove | balanced application. The solution to 

the mid-1980’s. | the magnesium chloride of the carnal- this problem is to “compact” the fine 

lite from the sylvite. There are hot leach | potash between two rollers under high 

Beneficiation.—Most sylvinite ores | and cold leach processes. The Israeli | pressure to form a board of potash. | 

in the United States and elsewhere are | plant uses froth flotation, hot leach, | This board is broken up with larger 

beneficiated by froth flotation, after | and cold leach processes. Dissolution- | particles of potash coming out of the 

comminution to release the sylvite and | recrystallization is much like solution | process. These larger particles are the 

halite particles from their agglomera- | mining except that the ore is conven- | desirable sizes, coarse and granular, 

tion. The sylvite is floated from the | tionally mined and is brought to the | that match the DAP and MAP particle 

halite in an aqueous solution that is | surface asa solid. On entering the mill, | sizes. 

saturated with both sodium and potas- | the ore is dissolved in a hot NaCl | 

sium chloride. Pulp densities are 20% saturated brine, which preferably dis- t All tonnages are reported in metric tons, KO equiv- 

to 35% solids. Common collectors are | solves potash and leaves the insolubles | alent, unless otherwise noted. 

hydrochloride and acetate salts of ali- and the halite behind in the ore. Sylvite 2Mining Magazine (London), v. 160, No. 12, Dec. 

phatic amines with a carbon chain solubility in water doubles between | 1989, p. 490. 

length of 12 to 24. Frothers such as | 20°C and 80° C while halite solubility > O'Driscoll, M. Brazil’s Industrial Minerals: Seeking 

cresylic acid, pine oil, or alcohols are | decreases slightly. As the water cools, a qos All Odds. Ind. Miner. (London), Nov. 

added before the slurry enters the flo- only potassium chloride tends to crys- Telephone conversation with Cyprus Foote Mineral 

tation cell. The central point to this | tallize out. Both French mills use this | Co. executive. 

technology is to add a chemical to the ‘technology. Beneficiation by this tech- 5 Fertilizer International (London), No. 279, Nov. 

slurry (pulp) of sylvite and halite that | nique is used in the Uralkaliy Combine | 1989, p. 12. 

selectively attaches to both sylvite and | in Soligorsk 1 and Berezniki 1. It is Mining Magazine (London), v. 160, No. 5, May 

air. By bubbling air through the slurry used in one Carlsbad, NM, mill be- 1989, p. 353. 

the chemical attaches to the rising air | cause the ore has 7% clay, and is also ee en 4 No. 276, Aug. 1989, p. 1}. 
. 

__—. No. 269, Jan. 1989, p. 11. 

bubble and pulls the particle of sylvite | the method used by the PCA plant in © Phosphorus & Potassium (London), No. 162, July- 

to the surface. The froth of air bubbles | Saskatchewan, Canada. Aug., 1989, p. 15. 

containing potash on the surface is 10 Fertilizer Focus. Aug. 1989, p. 30. 

swept off the cell and passed on to the Physical Processing.—Once the 11 Amelie Potash Mine, Mining Magazine (London), 

rest of the plant while the halite is | sylvite is reasonably pure (95% or | ¥- 160, No. 7, July 1989, pp. 26-33. 

drawn off the bottom of the cell. All | higher) the producer turns his attention 

the plants in Canada use froth flotation | to the final particle size. Many coun- OTHER SOURCES OF INFORMATION 

except for the two solution mines. | tries in the world have the tradition of : 

Froth flotation is used exclusively in | hand-casting the potash onto the fields. Bureau of Mines Publications 

England and Spain. Plants in the | They are happy with the particle size Potash. Ch. in Mineral Commodity 

U.S.S.R. using froth flotation are Be- | that emerges from the flotation cells. Summaries, annual. 

loruskaliy’s Soligorsk 1, 2, and 3, and | The United States, Canada, much of Potash. Reported biannually in Mineral 

the Uralkaliy’s Berezniki 2 and 3. Froth | Europe, and other countries have devel- Industry Surveys. 

flotation is used in less than one-half of | oped technologies of spreading the pot- | Other Sources 

the plants of the Federal Republic of ; ash over great acreages that could not British Sulphur Corporation Ltd., 

Germany. Froth flotation is used in one | be covered by one person walking and London. Phosphorus & Potassium, 

plant, Theodore, in France and in the | spreading the fertilizer by hand. These bimonthly. Fertilizer International, 

newest plant, Zielitz, in the German | technologies require that the particles monthly. 

Democratic Republic. of potash be larger than is normally Department of Energy, Mines and 

The other technologies used in ben- | recovered from the ore. Part of the Resources, Ottawa, Canada. Canadian 

eficiation are heavy media separation, | requirement is that the potash particle Minerals Yearbook, Chapter on 

electrostatic separation, leaching, and | match the particle size of diammonium Potash, annual. 

dissolution-recrystallization. Heavy me- | phosphate (DAP) or mono-ammonium Department of Mineral Resources, 

dia separation is used exclusively by one | phosphate (MAP) granules. Potash and Saskatchewan, Canada, annual 
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Report. 

Fertecon Ltd., London. World Fertilizer | 

Review, monthly. | 

FMB Publications Ltd., Middlesex, 

England. Fertilizer Focus, monthly. 

IPC Industrial Press, Inc., London. 

European Chemical News, weekly. : 

McGraw-Hill Inc., Washington, DC. : 

Green Markets, weekly. | 

Potash & Phosphate Institute, Atlanta, | 
GA. Supply-Demand Statistics, | 
monthly, quarterly, and annually. 

United Nations, Food and Agriculture 

Organization. Annual Fertilizer | 
Review. : | 

| 

| | 

) | 
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By Wallace P. Bolen 

Mr. Bolen, a physical scientist, is a graduate of the University of Virginia and has been the acting commodity specialist for 
pumice and pumicite since September 1989. Domestic survey data were prepared by Blanche S. Hughes, mineral data assistant, 
and the international production table was prepared by Virginia Woodson, international minerals data assistant. 

omestic production of pumice | NM; Utility Block Co., Albuquerque, | 12%, while landscaping uses of pumice 
and pumicite sold or used in- | NM; Cascade Pumice Co., Bend, OR; | decreased 68%. Other and unspecified 
creased about 20% compared | and Central Oregon Pumice Co., Bend, | uses of pumice and pumicite increased to 
with that of 1988. Apparent | OR. These eight companies accounted for | over 60,000 tons. 

consumption increased about 8%. | 94% of U.S. pumice and pumicite 
Greece was the principal source of | production. 
pumice imports with 71% of total im- | OTHER SOURCES OF INFORMATION ports compared to 86% in 1988. ee | Bureau of Mines Publications 

CONSUMPTION AN D USES Mineral Commodity Summaries, annual. 
Than pee ae Minerals Yearbook, annual. 
DOMESTIC DATA The most important market for pumice Mineral Industry Surveys, annual. 
COVERAGE was building block, consuming 73% of | Other Sources 

the total. Compared to the marketing Chemical Marketing Reporter (newspaper). Domestic production data for pumice | pattern in 1988, abrasive uses increased Industrial Minerals Magazine (London). 
| and pumicite were developed by the 

Bureau of Mines from one voluntary sur- 
vey of U.S. operations. All 19 operations 
that received a survey form responded. | 
Fourteen active operations contributed 
100% of the quantity and value of sold 
and used pumice and pumicite as shown | 
in table 1. 

Large changes in production, unit 
value, and markets for pumice and pumi- 

| 
cite were attributed to improved data col- 
lection rather than an indication of | 
drastic changes in value or markets for 
this commodity. , 

TABLE 1 

PRODUCTION SALIENT PUMICE AND PUMICITE STATISTICS 
TT (Thousand metric tons and thousand dollars unless otherwise specified) 

Production of pumice and pumicite | 
sold or used increased to 424,000 metric | ___.__--- = 9BS 19861987 19881989 tons with a value of $8.2 million. The | United States: Sold and used by producers: 
States of Oregon, California, New Mex- Pumice and pumicite 461 503 356 353 424 ico, and Idaho, in order of decreasing Value (f.0.b. mine and/or mill) $4,553 $5,756 $4,493 $4,129 $8,213 Fhe pameee corp uted for nearly all of | Average value per ton __—~=~S™S™~*~«S OBB“ L.A 8126251170 510.38 
States. Exports® 1 1 1 1 7 

Principal domestic producers were Imports for consumption 220 349 247 306 293 
Glass Mountain Pumice Inc., Siskiyou Apparent consumption! 680 851 602 658 710 
Co., CA; Hess Pumice Pr oducts, Malad World: Production, pumice and 
City, ID; Producers Pumice, Meridan, related volcanic materials 10,930 10,893 11,907 12,636  °12,312 ID; Copar Pumice Co. Inc., Santa Fe, | cgaiaca Preliminary. ‘Revised. Ce 
NM; General Pumice Corp., Santa F ec, 'Production plus imports, minus exports, plus adjustments for Government and industry stock changes. 
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TABLE 2 | 

PUMICE AND PUMICITE SOLD AND USED BY PRODUCERS 

IN THE UNITED STATES, BY STATE 

(Thousand metric tons and thousand dollars) 

 — 

1988 | 1989 
State ————,;~. oe oo oe OTD 

, Quantity Value Quantity Value | 

Arizona 1 . 7 — — . | | . 

California | . | 32 1,245 | 719 4,612 

New Mexico 76 852 77 795 | 

Other! 243 2,025 268 2,806 

Total 2353 4,129 424 8,213 

lncludes Hawaii, Idaho, Kansas, and Oregon. | 

2Data do not add to total shown because of independent rounding. 

TABLE 3 | a 

PUMICE AND PUMICITE SOLD AND USED BY PRODUCERS 

IN THE UNITED STATES, BY USE : | 

(Thousand metric tons and thousand dollars) | 

1988 1989 
State ——_——_,O——— Or TOT 

Quantity Value Quantity Value | 

Abrasives! 33 846 37 2,953 

Concrete admixture and aggregate 131 739 9 28 

Decorative building block 148 1,507 311 3,345 

Landscaping 19 491 — «6 807 

Other? 22 546 61 1,080 | 

Total | 353 4,129 | 424 8,213 

lincludes cleaning and scouring compounds and stone washing. 

Includes pesticide carriers, road construction material, roofing granules, miscellaneous uses, and other unspecified uses. 
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TABLE 4 

U.S. IMPORTS FOR CONSUMPTION OF PUMICE, BY CLASS AND COUNTRY | 

a For use in the 
Crude or Wholly or partly manufacture ae 

unmanufactured manufactured of concrete masonry n.s.p.f. 
Country products 

Quantity Value Quantity Value Quantity Value Value 
(metric (thou- (metric (thou- (metric (thou- (thou- 
tons) sands) tons) sands) tons) sands) sands) 

1988: , 
Ecuador — — — — 4,898 $255 — 
Greece 4,017 $630 58 $14 259,886 2,370 — 
Guatemala 2,215 454 503 124 50 1 $7 
Italy 151 54 1,262 444 — — 31 
Mexico 17,464 2,495 — — 50 8 3 
Spain 930 93 — — — — 72 
Turkey 2,811 587 20 2 10,924 967 2 
Other! 282 __ 73 44 47 — = 589 

Total 27,871 4,386 1887 631 275,808 3,601 704 
1989: oo — oo — a _ an 

Australia 3,952 228 145 6 NA NA NA 
Ecuador 17,197 1,775 14,410 1,416 NA NA NA 
Greece 2210,017 4,499 347 58 NA NA NA 
Guatemala 3,909 586 433 40 NA NA NA 
Indonesia 5,583 665 383 27 NA NA NA | 
Italy 259 115 1,208 509 ‘NA NA NA 
Mexico 20,432 3,011 (°) 1 NA NA | NA 
Turkey 11,722 1,539 6,068 929 NA NA NA 
Other* 393 «65 697 «663 NA NA NA 

Total | 273,464 12,483 23,691 3,649 NA NA NA 
NA Not available. 
Includes Australia, Austria, Canada, China, France, the Federal Republic of Germany, Iceland, Indonesia, Japan, the Republic of Korea, Norway, Sweden, Taiwan, Thailand, the United Kingdom, and Venezuela. 2The Journal of Commerce Port Import/Export Reporting Service data. 
3Less than 1/2 unit. 
‘Includes Austria, Canada, China, the Federal Republic of Germany, Japan, the Republic of Korea, the Netherlands, Norway, Singapore, Sweden, Thailand, and the United Kingdom. 
Source: Bureau of the Census. 
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TABLE 5 

PUMICE AND RELATED VOLCANIC MATERIALS: WORLD PRODUCTION BY COUNTRY! 

(Metric tons) 

OI 0 naan 

Country? 1985 1986 1987 1988? 1989° 

Argentina? 44,350 22,957 99,093 160,100 100,000 

Austria: Trass | 6,981 5,808 6,922 7,359 7,000 

Cameroon: Pozzolan | 105,634 168,425 °170,000 130,490 130,000 

Cape Verde Islands: Pozzolan*® 10,000 10,000 10,000 10,000 10,000 

Chile: Pozzolan 206,333 222,080 242,453 277,179 250,000 

Costa Rica 1,500 1,500 6,000 6,000 6,000 

Dominica: Pumice and volcanic ash° 110,000 110,000 100,000 100,000 100,000 

Ethiopia | 15,000 35,481 26,042 143,442 90,000 

France: Pozzolan and lapilli , 496,100 409,600 ©450,000 ©450,000 450,000 

. Germany, Federal Republic of: Pumice (marketable) 207,000 215,000 205,000 T 185,000 140,000 

Greece: 

Pumice 620,328 860,047 779,885 750,000 700,000 

Pozzolan 938,181 F1,005,000 814,000 900,000 900,000 

Guadeloupe: Pumice 215,340 221,157 220,000 *220,000 220,000 

Guatemala: Pumice 16,038 11,442 15,191 ©15,000 15,000 

Iceland 56,000 52,500 58,792 65,444 65,000 

Italy:® 

Pumice and pumiceous lapilli 750,000 700,000 725,000 *730,000 700,000 

Pozzolan 5,000,000 4,500,000 5,000,000 5,000,000 4,500,000 

Martinique: Pumice® 150,000 140,000 130,000 130,000 — 130,000 

New Zealand* 20,000 - 20,000 15,000 425,003 25,000 

Spain? | 849,440 968,116 1,053,914 950,000 950,000 

Turkey* | 200,000 325,000 F] 000,000 F},620,000 2,000,000 

United States (sold and used by producers) 460,800 © 302,600 355,600 352,900 423,800 

Yugoslavia: Volcanic tuff 450,610 385,844 | 423,917 407,988 400,000 

Total | 10,929,635 "10,892,557 11,906,809 12,635,905 12,311,800 

Estimated. Preliminary. "Revised. 
lTable includes data available through May 8, 1990. 
2Pumice and related volcanic materials are also produced in a number of other countries, including (but not limited to) Iran, Japan, Mexico, and the U.S.S.R., but output is not reported quantitatively, and 

available information is inadequate for the formulation of reliable estimates of output levels. 

Unspecified volcanic materials produced mainly for use in construction products. 

4Reported figure. 

“Includes Canary Islands. 
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| | By Joyce A. Ober | 

Mrs. Ober, a physical scientist with 12 years industry and Bureau of Mines experience, has been the commodity specialist for quartz crystal since 1986. Domestic survey data were prepared by Maureen Nash, mineral data assistant. 

ultured quartz crystal produc- | sponded, 7 of which did not consume | grams and metric tons unless otherwise tion and consumption in- | quartz crystal in 1989. These companies | noted. 
creased in 1989 for the third | represented nearly 100% of total con- 
consecutive year, and con- | sumption, also shown in table 1. Con- a sumption of domestic lascas as feedstock sumption for the nonrespondents was LEGISLATION AND for cultured quartz crystal increased also. | estimated using reported prior-year con- GOVERNMENT PROGRAMS The single domestic producer of lascas, sumption levels. SS 

the raw material from which cultured The metric system is the official sys- | quartz crystal is produced, operated its | tem of measurement of most countries. | |The National Defense Stockpile con- mine to supply material to consumers. | The Bureau of Mines, in an effort to | tained about 764,000 kilograms of nat- Demand for specimen-quality natural provide statistical data on quartz crystal | ural quartz crystal, valued at $10 mil- quartz continued; quartz crystal for this | that are consistent with international us- | lion. This quantity represented an application is discussed in the Gem age, will henceforth report data in kilo- | excess of about 492,000 kilograms Stones chapter. 
EFlectronic-grade quartz crystal is 

single-crystal silica that is free from all TABLE 1 
visible defects and has piezoelectric 
properties that permit its use in elec- SALIENT U.S. ELECTRONIC- AND OPTICAL-GRADE 
tronic circuits for accurate frequency QUARTZ CRYSTAL STATISTICS | 
control, timing, and filtration. These (Thousand kilograms and thousand dollars) uses generate practically all the demand 
for electronic-grade quartz crystal. nn rere Natural electronic-grade quartz crys-_ |} —H—______**? 198619871988 1989 . : Production: tal was the leading form of quartz until Ho | 1971 when cultured quartz crystaltook | Mines 454 344 — 272 454 the lead. Cultured (synthetic) quartz | Cultured 258 238 381 389 464 has replaced natural crystal in practi- | Exports: 
cally all applications. In 1989, syn- Natural: * 
thetic quartz crystal producers con- Quantity 27 34 63 43 NA sumed about 570,000 kilograms of Value $290 $411 $708 $431 NA lascas in their production and less than Cultured: 2 
500 kilograms of natural quartz crystal | Quantiy 2. 84 147 203 189 57 found application in electronic devices.  Walue $3,723 $5,686 $6,954 $7,162 $2,600 

. Lascas: . ee ° _ _ _ _ DOMESTIC DATA imbore af age 
COVERAGE Quantity 78 | 24 66 98 NA 

Value $99 $51 $157 $180 NA 
The Bureau of Mines collected domes- | Consumption: 

tic production and consumption data for Natural (electronic- and optical- 
quartz crystal through a voluntary survey grade) 3 1 (*) 2 (*) of U.S. operations. Seven companies re- Cultured (lumbered) 20 20 25 28 17 sponded to the canvass for the produc- Cultured (as grown) 102 194 250 293 344 tion of cultured quartz crystal, and the Total 125 215 275 323 361 six active operations represented 100% €Estimated. NA Net available. 
of total production shown in table 1. Of : Excludes lascas produced for specimen and jewelry material uses. 
the 34 operations canvassed concerning | puta" of tie Census as adjusted by the Bureau of Mines. 
consumption of quartz crystal, 32 re- | ‘tess than 1/2 unit. 
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above the goal set for the stockpile. | rial for cultured quartz crystal from mine | create a solution saturated with silica. 

During the year, quartz crystal stock- production. Coleman mined only during Through convection, the saturated 

pile sales amounted to about 74,800 | the summer months, but processed las- | solution transports dissolved silica to 

kilograms at $368,000 to support the | cas yearround. Lascas was mined, the cooler upper half of the vessel 

ferroalloys upgrading project. These crushed, and sized. Crushed and sized where it becomes supersaturated, and 

were the first sales since 1985. The | material was transported to the process- the excess dissolved quartz deposits on 

stockpile material, which primarily | ing plant where operators rinsed it in | the seed crystals in the top half of the 

consists of large natural crystals, could | oxalic acid and then in deionized water to | autoclave. The process continues until 

be absorbed by the specimen and gem | remove external contaminants. Finally, | the growing crystals reach their desired 

material industry. Very little, if any, of | hand sorting, drying, and examination | size. The process may take 30 to 60 

the material would be consumed in the | on a light table completed the necessary days, and sometimes even longer. 

same applications as synthetic quartz processing. The material was then The processing of quartz crystals 

crystal. shipped to cultured quartz crystal pro- into various end uses is the same 

ducers in 45-kilogram (100-pound) bags. | whether natural or cultured crystal is 

Production of cultured quartz crystal | used. Before cutting, crystals are exam- 

STRATEGIC | increased nearly 20% in 1989. Six com- | ined for physical defects. They are then 

CONSIDERATIONS panies were active. The two largest | cut, usually with diamond or slurry 

Nee CCS séproducers, Sawyer Research Products | saws, along a predetermined crystallo- 

Inc. of Eastlake, OH, and Thermo | graphic plane to a thickness slightly 

Natural electronic-grade quartz crys- | Dynamics Corp. of Merriam, KS, were | larger than that desired. Each wafer is 

tal was initially designated after World | independent growers that produced | inspected and diced into blanks of the 

War II as a strategic and critical mate- | crystal bars for domestic and foreign | desired dimensions. The blanks then 

rial. At the time of U.S. stockpile ac- | consumers in the crystal device fabrica- | progress through a series of lapping 

quisition, cultured quartz crystal was tion industry. Motorola Inc. of Chi- | stages until they reach the final thick- 

not commercially available. With the | cago, IL, produced quartz crystal for | ness; the electrodes are attached; and 

changing patterns of quartz consump- | both internal consumption and the do- | are mounted in suitable holders. The 

tion, the Federal Emergency Manage- mestic device fabrication industry. | final assembly, called a quartz crystal 

ment Agency asked the National Mate- | P.R. Hoffman Material Processing Co. | unit, is ready for insertion into an 

rials Advisory Board to assess the | of Carlisle, PA, also reported outside electronic circuit. 

requirements and related trends for sales. Bliley Electric Co. of Erie, PA, 

stockpiling quartz. The final report was produced only for internal consump- | ————W______ 

published in early 1985 and recom- tion. Electro Dynamics Corp. of Over- | CONSUMPTION AND USES 

mended changes in stockpile goals to | land Park, KS, sold the quartz-crystal- |} 

reflect the declining dependence on | growing portion of their operation to 

natural quartz crystal.! Near yearend | Thermo Dynamics in February 1989. Consumption of lascas by the six 

1989, the President received authoriza- Electro Dynamics continued to process domestic quartz crystal producers in- 

tion from Congress to further reduce | synthetic quartz crystal. creased about 27%, from 451,000 kilo- 

the stockpile goal from about 272,000 These companies produced cultured | grams in 1988 to 572,000 kilograms in 

kilograms to about 110,000 kilograms | quartz crystal using a hydrothermal | 1989. The 25 active device-fabricating 

of quartz crystal.’ process in large pressure vessels, known companies in 9 States consumed 12% 

The National Defense Stockpile con- | as autoclaves. Seed crystals, very thin | more quartz crystal in 1989 than in 

tains natural quartz in several weight | crystals cut to exact dimensions, were | 1988..Of these companies, 24 con- 

classes and grades, including about mounted on racks and suspended in the | sumed only cultured quartz crystal. 

13,000 kilograms of material consisting | upper growth region of the vessel. Las- | One company consumed only natural 

of individual crystals weighing more | cas was loaded in an open-mesh wire | quartz crystal. 

than 10,000 grams each. Some of the | basket that was placed in the bottom of Lascas and quartz crystal were used 

individual quartz pieces in this weight | the autoclave. in piezoelectric, optical, and glass in- 

class are suitable for generating mother A solution of sodium hydroxide or | dustries. The piezoelectric effect is 

seeds for cultured quartz crystal pro- | sodium carbonate (the mineralizer), | achieved when a suitable electrical sig- 

duction. These large pieces were ac- | with additives such as lithium salts, and | nal is applied to a quartz wafer or 

quired from Brazil because similar ma- deionized or distilled water was used to | blank with appropriate electroding and 

terials were not available from a | fill the vessel to 75% to 85% of its | the wafer then vibrates mechanically 

domestic source.° volume. The bottom half of the grow- | throughout the bulk of the material at 

ing vessel was heated to temperatures | a characteristic natural resonance fre- 

ss averaging between 350°C to 400°C; the | quency. The quartz resonators are 

PRODUCTION temperature of the top portion is main- uniquely suitable for military-aerospace 

- | tained at 10°C to 50°C less. At these | and commercial bandpass filter applica- 

temperatures, the solution expands and tions that require very high selectivity or 

Coleman Quartz Inc., Jessieville, AR, | creates an internal pressure in the vessel | in oscillator applications that require 

the only domestic company known to | between 10,000 and 30,000 psi. Under | very high stability. In addition, for many 

produce lascas, supplied the feed mate- these conditions the lascas dissolves to | applications requiring only moderate sta- 

822s 
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bility, a quartz resonator offers a unique | the crystal device industry. For resona- | lascas imports recorded, was eliminated. 
combination of high performance, small | tor applications, raw quartz must be | Although this material probably contin- 
size, and low cost. Quartz resonators | cut into thin wafers oriented precisely | ued to enter the United States, the new | 
were used for many less demanding ap- | with the raw material crystal axes. The | code system aggregated several categories 
plications such as providing timing sig- | uniformity and convenience of cultured making information about specific ma- 
nals for watches, clocks, and microproc- | quartz have made its use almost univer- | terials unavailable. Likewise, the export 
essors in industrial, automotive, and | sal. Unlike cultured quartz, natural | data for natural electronic-grade quartz 
consumer products. electronic-grade quartz requires special | crystal were no longer available. 

For very high frequencies (above 100 | orientation, cutting, grading, and siz- Because of these changes, foreign 
megahertz), the quartz wafer becomes | ing to produce a quartz wafer. As a | trade information for quartz crystal is 
too thin for practical use. At these | result, most device manufacturers that | limited. While information remained 

__ | higher frequencies, quartz crystal struc- | cut natural in the past have discontin- concerning exports of synthetic quartz 
tures that use surface vibrations, in | ued use of natural quartz. One of the | crystal, comparison between the figures 
which the frequency is determined by | remaining uses of natural electronic- | for 1988 and 1989 indicated that ex- 
electrode dimensions rather than wafer | grade material was in pressure trans-.| ports decreased nearly 70%. Reports 
thickness, have become more impor- | ducers used in deep wells. for domestic producers indicated that | 
tant. These structures are called surface these data may not be accurate. Re- 
acoustical wave (SAW) devices. $$__________________________ | ports indicated that exports were higher 

Most optical applications used | STOCKS than those reported by Census. 
quartz in the fused form as silica glass. | ————#+-__________ 
Relatively small quantities of cultured ee 
quartz crystal were used directly for Crystal growers’ stocks of as-grown | QUTLOOK 
special optical considerations. Quartz’s | cultured quartz crystal were reported as_ | ——2--—+-_______ 
crystal properties are responsible for its | 56,000 kilograms at the beginning of 
uses that deal with normally polarized | 1989. At yearend, these stocks had Domestic production of cultured 
laser beams. Quartz retardation plates | increased to 73,000 kilograms. quartz crystal has grown steadily since 
(especially quartz wave plates), Brews- | 1986. Increased demand for crystal de- 
ter windows and prisms, birefringent | = ———C—C—‘—sC—C—S—S—S—SSS—S__] ices for electronic consumer products 

_ | filters, and tuning elements are used in | PRICES | along with similar increases for all mi- 
laser optics. $A NpNm__—_ | COPrOocessor controlled devices, indi- 

Sand and lascas were raw materials cated that quartz crystal production 
used by the majority of manufacturers The average value of as-grown cul- | should remain strong well into the fu- 
in the silica glass industry. High-quality | tured quartz, based on reported sales of | ture. Because crystal devices continued 
domestic silica sands were suitable for | about 340,000 kilograms, was $30.67 | to be used in an increasing variety of 
most uses, although lascas may be used | per kilogram ($13.91 per pound), an applications from kitchen appliances to 
as a feedstock material for manufactur- | increase of 59% compared with that of military hardware in addition to the 
ing special large lenses, mirrors, and | 1988. Sales volume increased 22%. The | traditional items such as watches, de- 
windows. average value of lumbered quartz, as- | mand should continue to increase and 

Historically, quartz crystal has been | grown quartz that has been processed | additional production capacity will be 
a material of strategic importance. | by sawing and grinding, increased 17% | required worldwide. 
During World War II, quartz was used | to $140.97 per kilogram ($63.94 per 
principally in analog communications | pound), based on reported sales of ! National Materials Advisory Board. Quartz for the 
(e.g.,.in telephone multiplexing and in | 40,000 kilograms. Sales volume de- | National Defense Stockpile. Natl. Acad. Sci., Washing- 
mobile military radios). Today, because | creased 37%. ton, DC, NMAB-424, Jan. 1985, 99 pp. 
of military emphasis on command, ?U.S. Senate. Title XXXIII—National Defense 
control, and communications (C) sur- fo Stockpile, Sec. 3301. Authorized Changes in Material 
veillance and the growth of more so- FOREIGN TRADE Quantities. Congr. Rec., v. 135, No. 110, Aug. 15, 1989, 

. ae pp. 10507-10508. phisticated electronic systems, the im- | —__—_ 3 Work cited in footnote 1. 
portance of use of quartz crystal 
devices has grown. Many of the mili- The Bureau of the Census began | orHER SOURCES OF INFORMATION 
tary applications are at the leading edge | using the Harmonized Tariff Schedule 
of technology. It has been U.S. Depart- | in 1989 to identify material passing Bureau of Mines Publications 
ment of Defense policy to require that | through U.S. customs. This _System Quartz Crystal. Ch. in Mineral 
all military systems be hardened to | makes classification codes for imports Commodity Summaries, annual. 
nuclear radiation. To meet this special | and exports consistent internationally. Other Sources 
requirement, cultured quartz crystal | With the adoption of the new codes, Electronic News. weekl eae . ’ y: must be radiation hardened by Sweep- | Imports and export codes for quartz Electronics, biweekly. 
ing, a technique to remove certain im- crystal changed, and some formerly Electronic Component News, monthly. 
purities from the quartz. listed details are no longer available. I . eas ndustrial Minerals (London), monthly. Because of cost advantages, cultured | The import code for Brazilian crude Mining Engineering, monthly 
quartz was used almost exclusively by | pebble, which represented nearly all , 
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By James B. Hedrick and David A. Templeton 

Messrs. Hedrick and Templeton are physical scientists with the Branch of Nonferrous Metals. Mr. Hedrick has covered rare 
earths for 9 years. Mr. Templeton has shared coverage of the commodity for 2 years. Domestic survey data were prepared by 
Ms. Imogene P. Bynum, Nonferrous Metals Data Section. International data were prepared by Mr. Harold Willis, International 
Data Section. 

Omestic consumption of the rare TABLE 1 

D earths was almost double the SALIENT U.S. RARE-EARTH STATISTICS quantity used in 1988, mine pro- 
duction increased sharply, and (Metric tons of rare-earth oxides (REO) unless otherwise specified) 

the industry performed well amid increased 
international competition. Traditional T0985. -*4086.~”~«'1987”~S«SMBBCd9 8g 
TO Lal en emits: Such as PetrO- | Production of rare-earth concentrales! 13,428 11,004 16,710 11,533 0.787 leum catalysts and metallurgical additives, | ———— ——————$ "$= OI 19S 20,787 
continued a downward trend while new and | EXPOS 
emerging markets, such as neodymium- |_Cerumcompounds CNA UNA OUNA_—ONA_—s1,433 iron-boron permanent magnets, advanced | _Rare-earth metals, scandium, and ytrium == NA_ NA NA_———NA_ 510 
ceramics, and automotive catalysts, showed Ore and concentrate 4,419 "3,911 "3,041 “4,415 NA 
strong growth. The television and lamp Ferrocerium and pyrophoric alloys 23 29 "72 "32 “31 
phosphors market was unchanged, and | Imports for consumption:® 2 
glass polishing applications increased Monazite 3,132 1,628 617 1,058 426 
markedly. Demand for rare earths con- | ~ Metals, alloys, oxides, compounds. —~—~«*W&«SA24SS 01D 1S sumed in high-temperature superconduc- Stocks, producers and processors, yearend =2=OW. WW. Ww Ww 
tors was small; however, technologic Consumption, apparent” SSSS*~*~«w2«LOO-*10,900 "1,100 "106,800 27,770 
breakthroughs in 1989 increased the pro- Prices, yearend, dollars perkilosram.~SC=<C~SCS 
spects for commercial development of rare- —errrre se 
earth superconductors. __Bastnasite concentrate, REO basis 2-14 2.14 2.31 2.432.65 

' Monazite concentrate, REO basis 1.09 1.06 .90 1.15 1.19 
meee Mischmetal, metal basis | 12.35 12.35 12.35 12.35 12.35 

PRODUCTION Employment, mine and mill* 3 330 283 "301 320 381 
e089 NAA | Net import reliance® 4 as a percent of 

apparent consumption (5) (6) ) "29.00 23.49 
Bastnasite, a rare-earth fluocarbonate | ‘Estimated. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. 

mineral, was mined by Molycorp, Inc. at rBocavee of the implemenuton of the Harmonized Tardf Senne jan, 1989, vteport and export categories for 1989 are not necessarily its Mountain Pass, CA, open pit mine. comparable with those of previous years. 
Although mine output increased, Moly- 3Employment at a rare-earth mine in California and at a mineral sands operation in Florida. The latter mine produced monazite concen- 

: trate as a byproduct of mining ilmenite, rutile, and zircon, and employees were not assigned to specific commodities. 
corp S sales of rare earths reportedly ‘Imports minus exports plus adjustments for Government and industry stock changes. 
decreased slightly, mainly as a result of | ‘tncrease in industry stocks exceeded net imports. 
weak foreign demand and increased inter- | ‘N* xPorer. 
national competition. Molycorp completed 
an expansion of its separation facilities to | Associated Minerals operated its placer | sand and gravel mine in North Carolina. 
produce additional quantities of dyspro- | dredging operation at Green Cove Springs, | To improve byproduct heavy-mineral sands 
sium and neodymium oxides for the per- | FL. The addition of a spud barge to the | recovery and delineate ore, Imperial was 
manent magnet industry. The company also | Florida operation has reportedly increas- | seeking a joint-venture partner to provide 
began production of erbium, an element us- | ed ore mining capability significantly and | capital and expertise. 
ed in glass coloration (pink), lasers that | offset falling heavy-mineral sand grades. Scandium concentrate, produced in prior 
emit light in the blue wavelengths, and as | The barge addition allowed the floating | years in Utah, was processed by Sausville 
a burnable poison in nuclear reactors. | concentrator to operate at design capacity. | Chemical Co., Garfield, NJ, and Boulder 
Monazite, a rare-earth phosphate mineral, | Monazite from all of RGC’s mineral sands Scientific Co., Mead, CO, into high-purity 
was produced as a byproduct of titanium | operations, including Green Cove Springs, | scandium oxide. Facilities to purify scan- 
and zirconium minerals production by | was fully sold under long-term contracts.! | dium compounds were operated by 
Associated Minerals (USA) Inc., a sub- Imperial Mining Co. produced minor | Research Chemicals Div. of Rhone- 
Sidiary of the Australian company Renison | amounts of a mixed monazite-xenotime- | Poulenc Inc. , Phoenix, AZ, and the 
Goldfields Consolidated Ltd. (RGC). zircon concentrate at a gold and industrial | Materials Preparation Center, Ames, IA. 
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Principal domestic producers of | sumed 30% more rare earths in 1989 than | cessing, microwave applications, incandes- 

neodymium-iron-boron magnet alloys were | in 1988, while shipments of these goods fell | cent gas mantles, laser crystals, fiber op- 

Molycorp, Neomet Corp., and Research |2% during the same period. Shipments of | tics, carbon arc lighting, synthetic gem 

Chemicals. Leading U.S. producers of rare- | high-purity rare-earth metals increased | stones, and superconductors. 

earth magnets were the Delco Remy Div. | 22% during the year. Rare-earth permanent magnets were used 

of General Motors Corp., Hitachi The approximate distribution of rare | in electric motors; alternators; generators; 

Magnetics, Crucible Magnetic Materials, | earths by use, based on information sup- | line printers; computer disk-drive ac- 

and IG Technologies. plied by primary processors and some con- | tuators;, proton linear accelerators; syn- 

In New Mexico, Molycorp and the | sumers, was as follows: catalysts in | chronous torque couples, eddy current 

Mescalero Apache Tribe announced a | petroleum, chemical, and pollution control | brakes; microwave transmission focusing; 

joint-venture agreement to develop a zir- applications, 42%; metallurgical uses as | magnetrons; klystrons; medical and den- 

conium and yttrium-bearing deposit on the | iron and steel additives, alloys, and | tal applications, including nuclear magnetic 

tribe’s reservation. The deposit, identified mischmetal, 14%; ceramics and in glass | resonance imaging; traveling wave tubes, 

by Molycorp in 1985, contains eudialyte, | polishing compounds and as glass ad- | metallic separators, aerospace applications, | 

an yttrium-bearing zirconium silicate | ditives, 43%; and miscellaneous uses in | including electric actuators for ailerons and . 

mineral. Reported reserves were 2.4 | phosphors, electronics, permanent | rudders; and in speakers, headphones, 

million tons grading 1.2% zirconium ox- | magnets, and in lighting and research ap- | microphones, and tape drives. 

ide and 0.18% yttrium oxide. Initial | plications, 1%. Metallurgical applications of rare earths 

metallurgical tests by Molycorp indicate The glass industry’s principal use of rare | included alloys and additives in high- 

that the ore could be economically process- | earths, mainly cerium concentrate or strength, low-alloy steels, gray and ductile 

ed with conventional heap-leach | cerium oxide, was as polishing compounds | iron, stainless and carbon steels, high- 

technology. for lenses, mirrors, cut crystal, television | temperature and corrosion-resistant metals, 

In the southeastern United States, | and other cathode-ray tube (CRT) hydrogen storage alloys used in heat 

Associated Minerals and its parent com- | faceplates, gem stones, and plate glass. | exchangers and fuel cells, lighter flints, 

pany, RGC, announced completion of the Rare-earth compounds were also used as | armaments, permanent magnets, neutron 

.| exploration phase of the Old Hickory | additives to glass used in automobiles, food | converter foils, special lead fuses, target 

heavy-mineral sands deposit located | and beverage containers, television and | materials for sealed-tube neutron generators, 

southwest of Richmond, VA. The deposit | CRT faceplates, radiation shielding win- and high-voltage transmission cable. 

reportedly contains 7.3 million metric tons | dows, opthalmic lenses, lasers, incandes- 

of heavy minerals with minor amounts of | cent and fluorescent lights, and optical, | ~~ 

monazite. Mining of the Old Hickory | photochromic, filter, and photographic STOCKS 

deposit could begin in 3 to 5 years. lenses. The rare-earth additives acted as 

colorants, color correctors, and 
.; vas Stocks of rare-earth ores and concen- 

——____—____———— | decolorizers, as stabilizers against trates held by 19 producing processing 

~ | CONSUMPTION AND USES discoloration from ultraviolet light and and consuming companies decreased 54%. 

—_—________________—__—— | against browning caused by high-energy sumin 
Lae Bastnasite concentrate stocks held by the 

. radiation, as dopants in laser glass, as rincipal producer and six other processors 

Domestic rare-earth processors consum- | modifiers to increase the refractive indices prineipa’ P P 
; decreased 59% from the 1988 level. 

ed 72% more rare earths in 1989 than they | and decrease dispersion, and as absorbers 1s 
. Yearend stocks of monazite increased 35%, 

consumed in 1988. Bastnasite consumption | of ultraviolet and visible light. while stocks of yttrium concentrate 

was 73% higher than in 1988, but monazite Phosphors containing rare earths were decreased 10% y 

consumption was 42% lower. Shipments of | used in color television tubes, radar screens, .. 
ar . : Stocks of other rare-earth concentrates 

rare-earth products from domestic pro- | avionic and data displays, X-ray intensify- ; 
; . fell 43%. Stocks of mixed rare-earths com- 

cessors of ore, concentrates, and in- | ing screens, low- and high-pressure mercury ; 
; pounds increased 12%, as stocks of 

termediate concentrates was equivalent to | vapor lights, electronic thermometers, and . 
purified compounds decreased 55%. 

12,975 tons of rare earth oxide (REO), up trichromatic fluorescent lamps. ; 
. . i, ; Yearend stocks of mischmetal, rare-earth 

31% from the 9,867 tons shipped in 1988. The ceramics industry used purified rare | ..,._. - 
; . ar é silicide, and other alloys containing rare 

Consumption of mixed rare-earth com- | earths in pigments, heating elements, . : ; 
, ; earths gained 37%, as inventories of high- 

pounds decreased 49% from the 1988 level, | dielectric and conductive ceramics, ther- urity rare-earth metals were off 78% 

while consumption of purified compounds | mal and/or flash protective devices, | P ly 7 

increased 98%. Higher consumption of | stereoviewing systems, data printers, image _ 

purified compounds was the result of con- | storage devices, and as principal consti- | PRICES 

tinued strong demand for neodymium, | tuents and stabilizers in high-temperature | —————@—-§ ——_____________ 

dysprosium, and certain other rare earths | refractories, such as yttria-stabilized zir- 

used in high-strength permanent magnets, | conia, and in glasses and paints. Published prices for the rare earths were 

cerium used in automotive catalytic con- Rare-earth compounds had applications | generally nominal and subject to change 

verter materials and glass, and for yttrium | in petroleum fluid cracking catalysts, non- | without notice. Increased foreign competi- 

used in a variety of ceramic and refractory | cracking catalysts, oxygen-sensing elec- | tion resulted in competitive pricing policies 

applications. trolytes, computer bubble domain | in the United States in 1989 with prices for 

The producers of mischmetal, rare-earth | memories, dyes and softeners for textiles, | most rare-earth products quoted on a daily 

silicide, and other rare-earth alloys con- | electronic components, nuclear fuel repro- basis. 
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Prices quoted by Molycorp for Molycorp also quoted prices for lan- SSS ide? price 
unleached, leached, and calcined bastnasite | thanide (rare earth) compounds, net 30 | Element per kilogram 
in standard quantities, containing 60%, | days, f.o.b. York, PA, or Louviers, CO, ef- Cerium SOS $80.00 
70%, and 85% REO, were $1.15, $1.20, and | fective November 15, 1989, as follows: Dvsorosha a . ysprosium 230.00 $1.40 per pound of contained REO, respec- | Erbium 870100 
tively, at yearend 1989. These prices were Price? | 
respectively $0.10 per pound more than at Product Percent! Quantity jer | Europium 1900.00 
yearend 1988. (compound) purity (Pounds) jound | Gadolinium 180.00 

The price range of Australian monazite | Gorm carbonate 99.0 150 $5.19 | Holmium 610.00 
(minimum 55% rare-earth oxide, including | ———H+—_——___—__—__ Lanthanum 55.00 
thoria, f.o.b./f.i.d.),2 as quoted in | Cetum fluoride rea 250 3.00 | Lutetium 9,000.00 — 
Australian dollars (A$), increased from |---| Neodymium 130.00 
A$700-A$780 per ton at yearend 1988, to | Cerium nitrate 96.0 250 2.35 | Praseodymium 160.00 
Agr 80-A$880 per ton by yearend ee The | Lanthanide chloride 46.0 525 1.00 _| Samarium 380.00 

.S. price range, converted from = |-—2 —H\H——— Tebum = ~~SOCS*~CS 2250.00 
| Australian dollars, increased from | L@nthanum carbonate 99.9 175 5.90 Tee 

US$598-US$6664 in 1988 to US$616- | Lanthanum-lanthanide Yuerbium 800 
US$6955 in 1989. The average declared | chloride 46.0 525 95 | Xterbum 75.00 
value of imported monazite increased in | | anthanum-lanthanide Metrum S50 
1989 to $685 per ton, up $85 from the 1988 carbonate 60.0 200 2.45 ‘Minimum 99.9%-pure, 1- to 20-kilogram quantities. 

value. . _, |Lanthanum-lanthanide ~~ ~+'| No published prices for scandium oxide 
Minewate (Lon on) fe quoted in eusirial nitrate 39.0 250 1.75 | were available. Yearend nominal prices for 

inerals (London) for yttrium concen —_ 
(60% Y,0;, f.0.b. Malyysia) was $32-$33 | Neodymium carbonate 96.0 300 4.50 eee perk KV ogram, complet ty 

per kilogram. Fray exbrossed’ in terms Of REO equivalent from several suppliers, were as follows: The price of cerium concentrate quoted | “Pree? 0” 4 contained REO basis. 99% purity, $5,000; 99.9% purity, $9,000; 
| by American Metal Market was $1.55 per ; 

pound of contained cerium oxide at yearend | Rhone-Poulenc quoted rare-earth prices, $10,000. Peanciuen metal *rices "elise 
1989, an increase of $0.15 from the previous | per kilogram, net 30 days, f.o.b. New by the Johnson Matthey Aesar Group were 
year. The yearend price of lanthanum con- | Brunswick, NJ, or duty paid at point of en- as follows: 99.99% purity, lump, sublimed 
O88 Ie Pa ed onchange? ft mG try, as follows: dendritic, $248.20 per gram; 99.9% puri- | 

evel at $1. er pound o $$ 
contained. PerP Product Percent Quantity Price per ty, 250 nd 99.9 Pow an 00 per 2 

Mischmetal (99.8%, lots over 100 (oxide) purity (kilograms) kilogram esnelted.. $322 00 ee name ow 
pounds, f.o.b. shipping point) prices for | Cerium 99.5 20 $25.75 ° om Pere § 
1989, quoted by Reactive Metals and Alloys | 5 ; 95.0 20 132.00 | 
Co., were $5.00 per pound. —eeeen 220 FOREIGN TRADE 

The price for neodymium-iron-boron | E*m 96.0 20 £90.00} 
alloy, iled by the B f Mines, | E i 99.99 10 1,960.00 . . . oy, compi y the Bureau of Mines uropium Rare imports increased atical- 
averaged $15 per pound, f.o.b. shipping Gadolinium 99.99 50 136.50 ; earth dram ; 
point, 1,000 pound minimum. ee ly in 1989 from the previous year. Brazil, 
Molycorp quoted prices for lanthanide | Holmium 99.9 5 510.00 China, France, and India dominated the 

(rare earth) and yttrium oxides, net 30 days, | Lanthanum 99.99 25 23.99 | Uport market as shown in figure 1. Japan 
| and Korea were the principal destinations f.o.b. Louviers, CO, Mountain Pass, CA, utetium 99.99 5 7000.00 ‘ 

or York, PA, effective October 1, 1988, and | YOY | Of U.S. exports as shown in figure 2. 
throughout 1989, as follows: Neodymium 95.0 20 20.00 

| Praseodymium 96.0 20 38.85 | WORLD REVIEW 
Product Percent' Quantity Priceper |, . |, »o a ef (oxide) purity (pounds) pound | Samarium 96.0 25 175.00 

Cerium 99.0 200.0 $8.75 | Terbium 99.9 5 880.00 Bastnasite was the world’s principal 
Europium 99.99 25.0 745.00 | Thulium 99.9 5 3,600.00 | Source of rare caine. It was mined as a 
Gadolinium 99.99 55.0 65.00 |v. oon a mg | Primary product in the United States and Lanthanum 99.99 300.07 75 fo erOtum (99.0 10 aa | asa byproduct of iron ore mining in China. 

| XV Atrium 99.99 50 115.50 | Monazite was the second leading source of Neodymium 96.0 300.0 6.75 ee 
“De 88.50.00” rare earths and was produced largely as a 

aE nn EEE Scop ene ee byproduct of processing minerals sands for 
Praseodymium 96.0 __300.0__16.80 | Nominal prices for various rare-earth ox- | titanium and zirconium minerals or tin 
Samarium 96.0 55.0 65.00 | ides and metals were quoted by Research | minerals. The leading monazite producers 
Terbium 99.9 44.1 375.00 | Chemicals, per kilogram, net 30 days,.| were Australia, Brazil, China, India, 
Yttrium 99.99 50.0 52.50 | f.o.b. Phoenix, AZ, for yearend 1989 as | Malaysia, the Republic of South Africa, 
'Purity expressed as percent of total REO. follows: Taiwan, and the United States. Xenotime 
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TABLE 2 

U.S. IMPORTS FOR CONSUMPTION OF MONAZITE, BY COUNTRY 

a 
1985 1986 1987 1988 1989 

Country Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Australia 5,694 $1,984 2,660 $978 — _— 382 $237 180 $117 

India —_— — 300 128 — — — — _ _ 

Indonesia — — — — — _— 1,144 687 794 557 

Malaysia — — — — 527 $298 197 125 — — 

Thailand — — — — 594 _329 201 105 = = 

__Total 5,694 _1,984 2,960 1,106 1,121 £21 1,924 115400 574 74 
REO content” 3,132 XX 1,628 XX 617 XX 1,058 XX  -536 XX 
“Estimated. XX Not applicable. 

Source: Bureau of the Census. REO content estimated by the Bureau of Mines. | 

FIGURE 1 was the major source for yttrium and a 

U.S. IMPORTS OF RARE EARTHS minor source for the lanthanides. Xenotime 

was recovered primarily as a byproduct of 

Federal Republic of Germany 1.84% | processing for tin minerals in Indonesia, 

ve Malaysia, and Thailand, but was also pro- 
7 ll 17. COS ? ? See 

Brazil 17 O88 duced as a byproduct of processing titanium 

| [eS and zirconium minerals in Australia and 

[ESS \, China. Increasing supplies of rare earths, 

YT yg ES including yttrium, were produced from 
China 5.78% Y A . ; . . ° 

Wi rare-earth minerals in clay in China and 

HEE from spent uranium leach solutions in 

india 0.40% (2 ean Canada. Scandium was recovered as a by- 

cP om France 57.14% product of processing tungsten, tin, iron, 

AH and beryllium ores in China and was pro- 

Canada 1.97% a duced as a byproduct of uranium process- 

Japan 5.35% 9“ A\\ ing in the United States up to February 1989. 
| Other 0.94% S P 

Capacity 

Source: Bureau of the Census. _ Capacity to p roduce rar e-earth minerals 
increased significantly in the 1980’s. China 
and India installed the largest share of 

FIGURE 2 capacity during the decade. 

| U.S. EXPORTS OF RARE EARTHS 
Reserves 

Vapan 83.00% World reserves of rare earths were 

{| estimated by the Bureau of Mines at 45 

AH million tons of contained REO, of which 

| AGEN 23% is in market economy countries® 
Korea 15.01% ARR | Ws - > 54% China had the largest share of world 

PEN | IIA tance 2.54 reserves at 76%. 
EERE Nee] Teal wan 2.72% 
ZW irre Australia 

Dominica 10.87% SS iN \\ Brazil 3.56% Newmont Australia Ltd. and Western 

SS 7 N Canada 3.82% Rare Earths NL (previously Golden Cue 

— aS United Kingdom 4.87% NL) entered a 60-40 venture, respective- 

Other 9.04% —=  ominican & ‘1 ly, to assess the Yangibana rare-earth 

Federal Republic of Germany 6.31% ominican Republic 5.92% deposit in Western Australia. Located about 
-| 400 kilometers northeast of Carnavon, 

Source: Bureau of the Census. Western Australia, the deposit repo rtedly 
contained 3.1 million tons of ore averaging 

1.7% rare-earth oxide.’ 
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TABLE 3 

U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY’ 

1987 1988 1989 
Coun ti uanti uanti fry Aloe: as) Value ddlogan Value Ailoprans) Value 

Cerium compounds: | 
Austria — — — — 591 $4,606 
France 80 $1,068 77,387 $38,592 221,019 964,289 
Germany, Federal Republic of 370 34,223 523 42,731 3,669 154,565 
Italy — — | — — | 173 42,413 
Japan — — 105 1,434 25,353 770,381 
Norway — — _— — 1 4,000 Switzerland 2 2,863 - - _— _— 
United Kingdom — — 1 1,530 — — Total 452 38,154 78,016 84,287 250,806 1,940,254 

Other mixtures of rare-earth oxides — 
or rare-earth chlorides: 

Canada — — — — 3,628 $504,186 
China — — — — 90,485 2,336,173 
France — — — — 6,827,238 18,806,732 
Germany, Federal Republic of — — — — 252,066 2,141,690 
Hungary — — — —_ 2,519 9,260 
Japan — — — — 132,180 1,949,341 
Netherlands — — ~— — 4,000 4,720 | 
Norway — — — — 11,619 1,089,092 
South Africa, Republic of — — — — 106 1,067,415 
Switzerland — — — — 985 19,396 
U.S.S.R. —_— | — — = 24,864 2,157,938 
United Kingdom | — — — — 40,905 598,972 Other | oo. — — - 94 24,333 Total NA NA __NA NA 7,390,689 30,709,248 

Rare-earth oxide, excluding | — 
cerium oxide: 

Brazil — — — — 15,061 23,645 
Canada 430 54,197 — — — — 
Chile 100 8,334 — — — — 
China 9,319 1,015,770 5,470 377,200 2,108 156,719 | 
France 216,869 13,995,531 52,197 4,597,098 168,978 3,638,954 
Germany, Federal Republic of 10,848 263,889 334 38,893 1,050 232,266 
Hong Kong 20 29,188 — — 200 12,084 

India — — — — 290,800 460,000 
Japan 5,595 611,937 2,343 318,210 11,358 1,051,525 
Malaysia 5,980 119,364 — — — — 
Netherlands 3,815 915,912 754 135,174 — — 
Norway 3,073 426,143 1,460 152,624 1,313 125,261 
South Africa, Republic of 3 38,594 — — — — 
Sweden — — 1,000 84,721 — — 
Taiwan — — — — 78 5,339 
U.S.S.R. 26,516 1,663,127 7,764 484,079 4,019 381,893 
United Kingdom 744 328,392 11,567 1,052,925 6,933 898,581 
Total 283,312 19,470,378 82,889 7,240,924 501,898 6,986,267 See foomous atendofuble. == SSSS*~<CS~<S Eee 
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TABLE 3—Continued 

U.S. IMPORTS FOR CONSUMPTION OF RARE EARTHS, BY COUNTRY’ 

OO 

| 
1987 1988 1989 

Coun uanti Quanti Quanti 

try dlopran) Value (kiloerams) Value (iloetams) Value 

Rare-earth metals, including 
| 

scandium and yttrium: 
| 

Austria 1,284 $35 ,487 — — 4,031 $43,785 

Brazil | — — — — 139,896 728,099 

Canada | — — 3,147 $27 ,692 7,191 228,706 

China 6,619 392,069 12,677 392,468 110,860 754,063 

Germany, Federal Republic of 1,541 114,011 — — 1,906 28,619 

Hong Kong 5 12,738 1,000 62,018 — — 

Japan 1,724 181,385 125 18,432 7,338 259,851 

Kiribati — — 100 4,900 — — 

Norway — — — — 222 19,450 

Sweden — — — — 980 182,139 

U.S.S.R. 500 32,469 403 59,765 150 23,250 

United Kingdom 1,817 581,821 2,635 341,608 21,632 1,908,627 

Other — — — — 30 4,232 

Total 13,490 1,349,980 20,087 906,883 294,236 4,180,821 

Other rare-earth metals:? 
| 

Australia — — 752 22,282 — — 

Austria 3,733 97,314 4,108 201,193 — — 

Brazil — — — — 837,746 1,250,378 

China — — 1,818 24,500 35,590 297,734 

France 17,971 593,959 23,853 666,018 — — 

Germany, Federal Republic of 469 13,211 946 20,577 38 3,998 

India — — — — 302,000 575,000 

Japan 72 5,872 1,011 30,196 221,379 5,409,189 

Norway — — — — 1,686 181,197 

United Kingdom (°) 1,272 — — 3,990 364,140 

Other — — — - 19 4,319 

Total 22,245 711,628 32,488 964,766 1,402,448 8,085,955 

Ferrocerium and other 
| 

pyrophoric alloys: 

Austria — — 3,258 81,084 4,083 103,494 

Brazil 35,890 475 256 39,075 516,944 37,031 482,609 

Canada 10,142 75,057 — — 97,490 209,155 

China — — — — 1,425 1,376 

Finland — — — — 1,140 3,778 

France 43,701 656,671 43,714 702,545 42,541 633,583 

Germany, Federal Republic of 890 24,633 _ — 5,333 42,039 

Hong Kong — — — — 1,840 13,104 

Italy — — 12,600 29,610 — — 

Japan 202 5,203 — — 30 2,890 

Korea, Republic of — — — — 18,890 109,877 

Netherlands 3,280 43,434 — — 2,100 1,785 

Sweden — — — _ 189 10,725 

Switzerland — — — — 12,591 56,133 

Taiwan 319 1,273 — — 1,055 4,973 

Thailand 257 2,329 — — — — 

United Kingdom 148 10,301 2,015 18,270 18,533 14,211 

Total 94,829 1,294,157 100,662 1,348,453 244,271 1,689,732 

NA Not available. 

‘Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those of previous years. 

2Listed as ‘‘Other compounds of rare-earth metal, including scandium and yttrium’’ under the Harmonized Tariff System. 

3Less than 1/2 unit. 

Source: Bureau of the Census. 
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TABLE 4 Carr Boyd Minerals Ltd., owner of the 
U.S. EXPORTS OF RARE EARTHS, BY COUNTRY? Mount Weld rare-earth carbonatite deposit near Laverton, Western Australia, 
TS  ——— reportedly upgraded its measured reserves 

Country “Quantity at a 20%-REO cutoff to 1.35 million tons 
| , Value of ore averaging 23.6% REO, including ST Clograms) | ttrium. At a 10%-REO cutoff grade, the Thorium ore and concentrates: reserves were 6.31 million tons at a grade Austria 180 $117,045 | of 16.2% REO.8 

France 2 29,780 Rhone-Poulenc SA of France continued 
Indonesia 594 413,249 | its quest to gain approval for a rare-earth 

Total 716 560,074 | separation plant at Pinjarra, Western 
Cerium compounds: ~~ — Australia. Environmental concerns related 
Argentina ~~~SOC~CS~CS<( CSCS 1,440 12,280 | t0 the disposal of naturally radioactive 

— thorium have delayed the project. Rhone- Australia 34,063 292,140 . “Bwil 67.103 222.198 P oulenc proposed anew plan to dispose of —. ’ ° the thorium by injecting it into deep wells Canada 20,246 130,596 | drilled into a saline aquifer.® 
Che 558 3,465 The Nissho Iwai Corp. of Japan pur- 
Colombia 2,124 15,175 | chased RZ Mines (Newcastle) Ltd. and 
France 47,754 296,549 | Cable Sands Pty. Ltd. for A$240 million 
Germany, Federal Republic of 107,816 777,276 | from Pioneer International Ltd. Nissho had 
Greece 1,926 10,120 | been importing rutile and zircon produc- 

“HongKong 53,681 304,077 | ed by RZ Mines for 20 years before the 
Inda SS”t~CStStstSSSS 1,440 7,382 | Purchase. Nissho’s purchase was reported- 

‘| Wreland 1,920 8.258 ly in response to anticipated growth in de- 
a mand for zircon resulting from Japan’s in- Israel 2,860 14,627 . . ——_—__- crease in steel production and from expan- 
Maly 10,353 62,109 ding European markets for fine ceramics. 

i 599,253 2,684,774 | Combined, Cable and RZ Mines produc- Korea, Republic of 282,524 1,092,363 | ed about 1,200 tons of monazite per year. 1° 
Malaysia 963 274,334 Cable Sands continued development of 
Mexico 13,563 99,636 | the Jangardup heavy-mineral deposit in 
Portugal 960 3,907 | southwestern Western Australia. The com- 
Singapore | 5,047 30,923 | pany expected to begin mining in 1990 or 
Spain 14,609 90,884 | 1991.1! | 

Thailand ss—<“StsSSS 47,140 176,249 | An appeal to the Land and Environment Te : ourt concerning environmental issues 
a 3,190 182,979 delayed the startup of Australmin Holdings rinadad and Tobago 8,628 105,000 ; . “United Kingdom 71.300 85.779 Ltd.’s mine at Newrybar, New South 
a , , Wales. However, the appeal was not 
Uruguay 960 4,214 | upheld, and the company expected produc- OS ___ 791 __ 38,884 | tion to begin in early 1990. Annual pro- 

Total 1,432,672 7,026,174 | duction of 30,000 tons of heavy- mineral 
Rare-earth metals, including concentrate was expected to yield 12,000 

scandium and yttrium: tons of rutile, 10,000 tons of zircon, and 
Australia 2,313 22,646 | smaller quantities of monazite. Reserves 
Canada 43,036 356,612 | at Newrybar were 22.3 million tons of ore 

China t=<CS=‘<C; 2C xX! 300 95,400 | averaging 1.1% heavy minerals. !? 
“Dominica = SS*=~CS=CSsS 170,697 87,664 | _Renison Consolidated Goldfields sub- 
~ Dominican Republic. ~~~ SOS 92.896 20,000 sidiary, Associated Minerals Consolidated, 
Frnce 670 17,907 began development of the Eneabba West 

~ Germany, Federal Republic of 9243 300.203 deposit in Western Australia. Initial min- 
———— ’ ing was expected to start in 1990 or 1991. 

Maly 3,364 94,888 | The deposit reportedly contained 230 Japa 22,252 2,997,590 | million tons of sand with a heavy-mineral 
Korea, Republic of 213 15,686 | grade of 3.1%. Approximate annual pro- 
Netherlands 268 25,580 | duction of monazite was expected to reach 
Norway 11,442 523,043 | 2,500 tons. !3 
Panama 3,938 6,902 BHP-Utah Minerals International in- 

See footnote at end of table. vestigated the Beenup heavy-mineral sands 

RARE-EARTH MINERALS AND METALS YEARBOOK—1989 | 831



na 

TABLE 4—Continued containing 18.3 million tons of heavy 

U.S. EXPORTS OF RARE EARTHS, BY COUNTRY’ reported including monazite, were 

a 
1989 Brazil 

Country dclograms) Value Production of monazite concentrates in 

> F 28 S*S*~*~*«SS;« 208 1987 was 4,332 tons, with 177 tons from 

—_ ° the State of Espirito Santo, a decrease from 

_Singapore : 781 53,475 | the 197 tons produced in 1986; 3,271 tons 

_ Switzerland 1,163 171,519 | from the State of Rio de Janerio, a decrease 

Taiwan 20,010 49,973 | from the 1986 production of 3,421 tons; and 

United Kingdom 31,156 174,788 | 884 tons from the State of Bahia, which 

Venezuela 10,433 160,000 | produced no monazite in 1986. 

Other 274 51,483 Measured reserves of monazite in 1987 

Total 424,837 4,800,623 | were 36,806 tons. Estimated rare-earth 

‘Because of the implementation of the Harmonized Tariff System in Jan. 1989, exports are not necessarily comparable with those of oxide content based on these reserves was 

previous years. 18,376 tons. Monazite reserves were located 

Source: Bureau of the Census. in the States of Bahia, Espirito Santo, 
Minas Gerais, and Rio de Janeiro.!* 

| Production of rare-earth compounds, as 

TABLE 5 reported by the Government in 1987, was 

MONAZITE CONCENTRATE: WORLD PRODUCTION, BY COUNTRY’ _ | 22,500 kilograms of rare-earth carbonate, 
2,422,000 kilograms of rare-earth chloride, 

| (Metric tons, gross weight) and 66,000 kilograms of rare-earth oxides.!9 

Companhia Vale do Rio Doce (CVRD) 

Country? 1985 1986 1987 1988? 1989° | planned to construct a rare-earth separa- 

Australia 18,735 14,822 12,813 11,872 13,500 | tion plant at Araxa, Minas Gerais, utiliz- 

Bail tst—“‘iéOCOC;*;*;C;*‘CS'S«#9#S3 3,618 4,332 F €4 500 4,500 Ne een Co mnie from a s 
—_ 

itsubishi Corp. The company reported- 

Indi 4009 “009 “mm #,000 4,000 ly will be able to produce 3,000 tons of 

Malaysia 5,808 5,959 2,908 2,920 3,100 REO b ducts fr its 

— : per year as byproduc om i 

Mozambique” 4 3 © ® — | titanium operation at Tapira?° 

South Africa, Republic of* 1,000 1,000 1,200 1,200 1,250 | 

SriLanka® 200 200 200 200 200 Canada 

Thailand 663 1,609 458 590 600 . — 

United Sates Sst—=<Ctsti‘S~S~™S Ww Ww Ww Ww Ww Yttrium concentrate production in 1989 

uie OS _ 7 97 168 4175 | from uranium ores at the Elliot Lake Mine 

Total 34,363 31,218 «26,008 75450 «27,325 | 12 Ontario, on an yttttum oxide content 

Estimated. PPreliminary. "Revised. W Withheld to avoid disclosing company proprietary data; excluded from ‘*Total.’’ basis, increased from 50 tons to 100 tons. 

‘Table includes data available through June 27, 1990. ) The yttrium operations were a joint ven- 

2In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, Nigeria, and the U.S.S.R. may produce ture of Unocal Canada Ltd. 5 SM Yttrium 

monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for formulation of reliable Ltd. and D enison Mines Ltd 21 

estimates of output levels. 
; ee 

sRevised to zero. Joint-venture partners Hecla Mining Co. 

‘Reported figure. and Highwood Resources Ltd. decided not 

to develop the Thor Lake beryllium- 

. . niobium-rare-earth deposit in the Nor- 

deposit in the Scott River area of Western estimated to contain 25 million tons of ore | thwest Territories because of poor market 

Australia. Initial studies indicated that the grading 5.2% heavy minerals.!> outlook. The deposit reportedly contained 

Beenup deposit could support dredging Mineral Deposits Ltd. (MDL), a sub- 8.600 tons of yttrium oxide along with other 

operations of up to 500,000 tons of heavy- | sidiary of the Australian company Broken | ,are earths. 

mineral-bearing ore per year. Encouraging | Hill Pty. Ltd., announced the development 

concentrations of heavy-mineral sands were | of a mineral sands deposit near Agnes China 

reportedly found on Scott River area leases | Water, Queensland. Startup of the mine was 

held by joint-venture partners Golden | scheduled for 1991.16 China remained the world’s leading pro- 

Plateau NL, Kingsgate Consolidated Ltd., Minproc Chemicals Pty. Ltd. and | ducer of rare earths despite reduced out- 

and Wynarde Pty. Ltd.'* KMCC Western Australia Pty. Ltd., asub- | put from southern mines.” Decreased pro- 

North Broken Hill Peko Ltd. was | sidiary of the U.S.based Kerr-McGee duction was reportedly caused by a drop 

evaluating the feasibility of the Naracoopa | Corp., planned to start mining the Cool- | in domestic and foreign demand during the 

mineral sands project on King Island, | jarloo heavy-mineral sand deposit near | second half of 1989. Production of various 

situated midway between Victoria and | Cataby, Western Australia, in the first half | mixed and separated rare-earth products 

Tasmania in the Bass Strait. Reserves were | of 1990. Reserves of 569 million tons of ore reportedly reached 19,670 tons of equivalent 
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| FIGURE 3 | were ilmenite, rutile, zircon, and, in some 
WORLD RESERVES OF RARE EARTHS deposits, monazite?” 

(REO CONTENT) : Japan 

lia -\ | : 2 2 2 | , Japanese demand for scandium was Australia : | : | , primarily for metal halide lamps, consum- 
Brazil - : 3 : 3 2 ing about 50%. An estimated 30% is con- 

| : 2 : 7 sumed in gadolinium-scandium-gallium | 
Canada + 2 3 : garnets (GSGG) and the balance consum- 
China edn the electron guns of CRTs 

Malaysia : | : ! : | Madagascar 
| | | 2 | 2 QIT-Fer et Titane Inc. (QIT), a sub- Other Countries (\) : | | sidiary of RTZ Corp. PLC (RTZ), an- 

Thailand : | 2 2 nounced that its joint-venture heavy- 
: : 3 | _| | mineral sands project would be delayed at 

United States : : : least until 1995, a result of problems en- 
U.S.S.R. + 2 : : : countered in negotiations with the 0.0.F. “HY , : | , : Government. 

0 5 10 15 20 25 30 35 

MILLION METRIC TONS Malawi 
The French group, BRMG, investigated 

| the well-known Kangankunde Hill rare- 
earth carbonatite in 1988, and was reported- 
ly preparing a prefeasibility report29 
Monazite in the carbonatite was en- 
vironmentally acceptable because of its low 

REO, an increase of 5.4% from 1988’s | Denmark thorium oxide content, 0.08%. 
-level. Growth sectors for the rare earths in , ; ; 
China were petroleum cracking catalysts, M orstral Minerals mn vestigated a heavy- New Zealand agricultural fertilizers, permanent magnets mineral sands deposit near Hanstholm, — 
and phosphors ° ’ | northern Jutland. The deposit, covering 100 Fletcher Titanium Products Ltd. started 

Seon di Pa was roduced at five locations | Tze kilometers, contains the minerals il- | production of heavy minerals at a pilot 
in China and t a ed at four locati menite, rutile, zircon, and monazite24. | plant located on the west coast of South 
foll eo © ur focalions as Island at yearend. Production of 400 tons 
Om ows: Greenland per yea of rutile, zircon, and monazite was 

Scandium mine locations Hecla Mining Co. (47%), Nuna Oil P 
1. Jiangxi Province, tungsten mines (50%), and Gewerkschaft Wilhelm | gouth Africa, Republic of > Cranoy) Pravince tin ming | Bergbaugesellschaft (3%) formed a consor- 

2. Guangxi Province, tin mines tiur, caned Sarfartc. 2 explore for are General Mining Corp. Ltd. continued to 
3. Guangdong Province, tin mines earths and niobium in southeastern Pree Pyproduct monazite from Hs 4. Fujian Province. iron (masnetite) mines | Greenland 25 aboomspruit fluorspar operations in the 
4. Fujian Province, iron (magnetite) mines Others including A/S Carl Nielsen of | [tansvaal. Monazite reportedly was 
5. Zhejian Province, tungsten and ° 6M ; ted during processin f th he ium Bue’, TDS Denmark and a Canadian triventure com- | S©P@tated Curing processing of the 
_ tym mnes posed of Platinova Resources Ltd. (40%), fluorspar by wet high-intensity magnetic 

Scandium processor Principal | Highwood Resources Ltd. (30%), and | S¢parators. 
locations product | Aber Resources Ltd. (30%), explored a The Anglo American Corp. of South L - Jiangxi Province Guizhou | banded nepheline syenite (kakortokite) in Africa Ltd. studied the feasibility of 

Cobalt Smelter Tungsten | the Ilimaussagq intrusive complex that con- | developing heavy-mineral sand deposits in 
> Guan ha | tains the rare-earth and zirconium-bearing | Namaqualand. The deposits were on lands 2. Guangxi Province, mineral eudialyte26 owned by De Beers Consolidated Mines 

Pingkwa NA near the west Cape coast, 30 miles north 
3. Hunan Province, Taujian, Guyana of the Olifants River. A wet concentration 

Rare-Earth Metal Smelter NA pilot plant was operated during the year. — An estimated 450 river-based diamond | If a decision is made to proceed with the 
4. Hunan Province, Hunan and gold dredges were reportedly process- | project, production was planned to com- 
Rare-Earth Metal ing heavy-mineral-containing resources. | mence in 1992, with an expected monazite 

__Research Institutes Tin___s|_ Other heavy minerals identified as poten- | output of 1,000 tons per year. Rutile and 
NA Not available. tial byproducts of the dredging operations | zircon production were expected to be 
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25,000 and 100,000 tons per year, respec- TABLE 6 

tively. RARE EARTHS: WORLD MINE PRODUCTION, BY COUNTRY 
Severin Mining and Development Co. | 

(Pty.) Ltd. conducted pilot plant tests on (Metric tons of REO equivalent) 

samples of a deposit 30 miles south of 

Richart Se oi ee ae deposit Country 1987 1988? 1989° 
resem e Richards Bay deposit and | ———_—_———__—____—___4947  ~+6,530~«~:~C~«ST 0 

was reported to have a 10% heavy-mineral Australia 7047 6,950 7a 
. . Brazil 2,383 2,475 2,475 

grade. A decision was expected in early | ———————______—_—__ 

1990, following completion and analysis of Canada 100 100 100 

pilot plant tests. Ching 15,100 29,640 25,220 

Richards Bay Minerals reportedly delayed | India’ . 2,200 _ 2,200 2,200 

exploration and development work on its | Malaysia 1,618 1,630 1,730 

project at Lake St. Lucia in the Natal Pro- Mozambique” (?) (2) — 

vince because of environmental concerns. | Sri Lanka® 110 110 110 

Rio Tinto Minerals Development Ltd., |Thaand SSOt=<“‘i‘:;S; ;OUO~*~*~*~*~*~™ 267 375 1365 

a subsidiary of RTZ, acquired total owner- | United States’ | 16,710 11,533 120,787 
ship or a from ee Minerals ey Faure 53 92 196 

men ., a subsidiary of British | —JVWWJ_— 45.588 ty cae se 

Petroleum. QIT holds a 50% interest in tea __ es 

Richards Bay Minerals in the Republic of | Reported figure. 

South Africa> 2Revised to zero. | 

3Comprises only the rare earths derived from bastnasite as reported in Unocal Corp. annual report, 1989. 

Taiwan 

Pacific Ocean Rare Earth Industry Co. 

(POR), continued production of heavy directly to mischmetal or alloyed simultan- | a few traditional markets have been in 

minerals, including monazite, on the west eously without prior melting or heating** | decline (petroleum cracking catalysts and 

coast. Monazite reserves in Yuanlin and Magnesium Elektron announced the | mixed metallurgical additives), increased 

Chiai Counties were 50,000 tons. Ore from | development of a new rare-earth- | rare earth use is expected in the near-term 

the area was shipped to Hsinchu for pro- magnesium alloy as a replacement for cer- | in permanent magnets, automotive catalytic 

cessing and separation of the rare earths tain magnesium-thorium alloys. The new | convertors, glass additives, and industrial, 

from monazite. The POR rare-earth plant | alloy, WE43, contains 3.75% to 4.05% yt- | medical, and communications lasers. Re- 

at Hsinchu was capable of processing 1,000 | trium, 2% to 2.5 % neodymium, 0.75% to | cent advancements in high-temperature 

tons of monazite per year with annual separ- 1.25% heavy rare earths, a minimum 0.3% superconductor technology indicate a large 

ation capacity as follows: lanthanum oxide, zirconium, and the balance magnesium. | potential for long-term growth. 

100 tons; cerium oxide, 240 tons; didymium | The alloy can reportedly substitute for the World supplies of rare earths are ex- 

oxide (Pr-Nd), 100 tons; samarium oxide, magnesium-thorium alloys presently used | pected to be adequate to meet demand, in 

12 tons; europium oxide, 2 tons; mixed | in several aerospace applications.” part because increased demand for titanium 

gadolinium-terbium-dysprosium oxide, 20 Researchers at the Aluminum Company | and zirconium minerals has initiated expan- 

tons; and yttrium oxide, 4 tons.* of America created a high-temperature | sions in both the mining and processing 

aluminum alloy using a rare earth. The | sectors. Australia, China, and the United 

Thailand rapidly cooled cerium-iron-aluminum alloy | States should continue as the principal 

The Office of Atomic Energy for Peace had an extremely fine-grained microstruc- | sources of ‘supply. 

of Thailand was building a rare-earth ture, in the 5 to 40 micron range. Economic projections forecast only a 

Designated Cu78, the new alloy reported- | modest advance in the economy in 1990, 
separation plant to process 300 tons of 

: ly has improved strength and fracture | followed by a resurgence of consumer de- 

monazite per year. The plant was schedul- to 349° C. Cu78 ted d in 19914! Rare-earth d dj 

ed for completion in late 1990.’ ughness up to was exper mane im ee emane 's 
to be used in airframe structural parts and | predicted to outperform the domestic 

| other aerospace components.” economy in 1990, especially in the non- 

CURRENT RESEARCH traditional markets. Continued diversifica- 

eNO Es MS | tion in rare-earth markets is expected to 

OUTLOOK provide increased stability to the industry. 

Carr Boyd Minerals Ltd. reported a |} _————Y————___ | 

breakthrough in beneficiation of the rare — TT TT 

earths. Company-funded research at the | The outlook for rare earths was promis- BACKGROUND 

University of Western Australia discovered | ing. Exhibiting a wide range of chenical | ——-.WVJTYW 

that mixed rare earths could be mechanical- | and physical properties, the rare earths have ess . . 

ly separated from the ore using high-energy | found increased use in an expanding Definition, Grades, and Specifications 

ball mills instead of conventional chemical | number of applications. The demand pat- The rare earths are a group of I7 

treatment. Rare earths produced from the | tern was expected to continue to favor | elements comprised of scandium, yttrium, 

new process can reportedly be reduced | separated high-purity products. Although | and the lanthanides. 
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TABLE 7 Scandium, atomic number 21, is the | Australia typically contain 25% to 30% yt- 
_ lightest rare-earth element. It is the 31st | trium oxide. Xenotime is often upgraded 

WOR NERAL PRODUC OE most abundant element in the Earth’s crust | by acid leaching to produce an yttrium con- 
CAPACITY with an average crustal abundance of 22 centrate grading 60% yttrium oxide and the 

DECEMBER 31 ° 1989 parts per million. Although it occurs in | balance primarily other rare earths. 

~~ greater quantities in crustal rocks than lead, The term “‘mischmetal” is used to denote 
(Metric tons of rare-earth oxides) mercury, and the precious metals, scan- | a mixture of rare-earth elements in metallic 

dium rarely occurs in concentrated quan- | form. It generally has the same ratio of 
Rated capacity tities as a result of its aversion to combine | rare-earth elements as that found in the ore. 

Nomh American | with the common ore-forming anions. Ferrocerium is. a pyrophoric alloy of 
Canada Yttrium, atomic number 39, is chemical- | mischmetal and iron. Rare-earth silicide is 

—Vonaite? brane? 1.000 ly similar to the lanthanides and often oc- | an alloy containing about one-third 
——— ° curs in the same minerals. Yttrium’s | mischmetal, one-third iron, and one-third 
_Umited States: average concentration in the Earth’s crust | silicon. The rare-earth content in master 
__Bastnasite 26,000 is 33 parts per million and is the second | alloys ranges from tenths of a percent in 
__Monazite’ WwW most abundant rare earth in the Earth’s | nodularizing alloys for ductile iron to 10% 
South Americas crust. or more in inoculants for gray cast iron. 
_Brazily The lanthanides comprise a group of 15 | Alloys containing nearly 100% rare-earth 
___Monazitet 2,200 elements with atomic numbers 57 through | metals, such as mischmetal, are additives — 
Europe: 71, and include lanthanum, cerium, | to certain steels. | 

U.S.S.R.° praseodymium, neodymium, promethium, The purity. of separated rare-earth 
Monazite? 500 samarium, europium, gadolinium, ter- | elements, produced primarily by solvent 
Other* 1,000 bium, dysprosium, holmium, erbium, | extraction or ion exchange, usually grade 

Africa:° thulium, ytterbium, and lutetium. Cerium, | 96% or higher in purity. High-purity rare- 
Mozambique: the most abundant of the group at 60 parts | earth compounds and metals are produced 

Monazite5 2 per million, is more abundant than copper. | up to 99.9999% purity. Rare-earth products 
~ South Africa, Republic of: _ | Thulium, the least abundant of the lan- | grading higher than 99.9% purity are often 
- Monazit? #2. NA thanides at 0.48 parts per million, occurs | produced to specification. As a result of the 
—Monazite#~O~=CS NA in the Earth’s crust in higher concentrations | wide range of products in which rare earths 

Jaire”~*~—C—sSSSSS than thallium, antimony, cadmium, and | are consumed, many grades of rare-earth 
Monazite* 55 bismuth. concentrates, compounds, alloys, and 

Asian Largely because of differing ionic radii, | metals are marketed. Analyses of the rare- 
Chna®’ the rare-earth elements are broadly | earth contents of selected ores are shown 
Fuse’ 20.000 classified into two groups: the light or | in table 8. 
Vous \ 0. 000 cerium subgroup, comprised of the first 

—Xnoumer , 50 seven lanthanides (atomic numbers 57 

__“Snotimes through 63), and the heavy or yttrium | Industry Structure 
Other 1,000 subgroup, comprised of the remaining lan- 

india thanides and yttrium (atomic numbers 64 Rare-earth ore minerals are sold by pro- 
__Monazites 2,200 through 71 and 39, respectively). Yttrium | ducers directly to processors, consumers, 

Malaysia is classed with the heavy subgroup because | and commodity brokers, usually as a con- 
___Monazite? 3,300 of its occurrence, ionic radius, and other | centrate. Of the three principal ore 

Xenotime* 600 similar properties. minerals bastnasite, monazite, and 
Sri Lanka:° Bastnasite can theoretically contain | xenotime, only bastnasite concentrate may 
Monazite! 110 74.81% REO? Flotation concentrates of | be used in certain industrial applications 

Thailand:° bastnasite average 60% REO, which can be | with little or no processing. Most rare-earth 

Monazite® 1,100 upgraded to 70% REO by acid leaching, | concentrates undergo extensive processing 
Xenotime’ 75 and to 85% REO by a combination of acid | to produce mixed or separated compounds 

Oceania: leaching and calcining. and metals. Few companies in the rare- 
Australia: Monazite theoretically can contain | earth industry are fully integrated. Most 

~~ Monazit! 11,000 69.73% REO. Monazite concentrate is | companies that mine rare earths sell their 
~ Xenotimeéiiti(its~™S 20 usually sold at 55% minimum REO con- | concentrates to processors that separate the 
~ World total (rounded) 91,000 tained plus thorium, with most product | rare earths by chemical processing, 
estimated. NA Not available. W Withheld to avoid disclosing | Stading 59% to 65% REO. Thorium con- | primarily solvent extraction or ion ex- 

proprietary data. tents are variable, but typically occur in the | change. Processors producing separated 
Byproduct of processing for titanium and zirconium minerals. range of 4% to 10% equivalent thorium ox- | rare-earth products are often partially in- 
aorta! OF Provessing for uranium, Tecovered as yerium ide. Monazite with a low thorium content | tegrated, manufacturing fabricated and 
*Byproduct of processing for gold. commands a premium price. semifabricated products that are sold 
mehr Orocessing De hsp ee Xenotime can theoretically contain | directly to manufacturers or end users. The 
‘Byproduct of processing for iron minerals. 61.40% yttrium oxide. However, xenotime | distribution of the global mining industry 
"Residual weathering product in clay. concentrates from Southeast Asia and | is illustrated in figure 7. 
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TABLE 8 

| RARE-EARTH CONTENTS OF MAJOR SOURCE MINERALS 

(Percent of total rare-earth oxide)! | 

Bastnasite Bastnasite Monazite Monazite Monazite Monazite 

Rare earth Mountain Pass, Nei Monggol, Capel, North Stradbroke Island, Green Cove Springs, Nangang, 

California, USA? China? Western Australia* Queensland, Australia® Florida, USA® Guangdong, China’ 

Lanthanum 33.2000 23.000 23.8938 21.5000 17.5000 23.0000 

Cerium 49.1000 50.0000 46.0177 45.8000 43.7000 42.7000 

Praseodymium 4.3400 6.2000 5.0442 5.3000 «5.0000 4.1000 

Neodymium 12.0000 18.5000 17.3805 18.6000 17.5000 17.0000 

Samarium -7890 .8000 2.5310 3.1000 4.9000 3.0000 

Europium .1180 .2000 .0531 .8000 .1600 .1000 

. Gadolinium . 1660 .7000 1.4867 1.8000 6.6000 2.0000 

Terbium .0159 .1000 .0354 .2900 .2600 | .7000 : 

Dysprosium .0312 .1000 | .6903 .6400 9000 .8000 

Holmium .0051 trace .0531 | .1200 .1100 .1200 

Erbium .0035 trace .2124 | .1800 trace .3000 

Thulium .0009 trace .0177 .0300 trace trace 

Ytterbium .0006 trace 1239 .1100 .2100 2.4000 

Lutetium .0001 trace .0354 .0100 trace .1400 

| Yttrium .0913 .5000 2.4071 2.5000 | 3.2000 2.4000 

Total 99.8615 100.1000 99.9823 100.7800 100.0400 98.7600 

Monazite Xenotime Xenotime RE minerals in clay RE minerals in clay RE in uranium residues 

Southwest Coast Lahat, Southeast Xunwu, Longnan, Elliot Lake, 

Taiwan® Perak, Malaysia? | Guangdong, China? Jiangxi Province’® Jiangxi Province’® Ontario, Canada!!! 
a ee eaae a EIEEEIIEIEIESIEE NESE EISSISSE SESS ESSSSSS SSS SESE 

Lanthanum 20.0000 1.2400 1.2000 43.3700 1.8200 .8000 

Cerium 46.0000 3.1300 3.0000 2.3800 .3700 3.7000 

Praseodymium 5.0000 .4930 .6000 9.0200 -7400 1.0000 

Neodymium 20.0000 1.5900 3.5000 31.6500 3.0000 4.1000 

Samarium 3.7000 1.1400 2.2000 3.9000 2.8200 4.5000 

Europium -.9800 .0120 .2000 .5000 .1200 .2000 

Gadolinium 2.0000 3.4700 5.0000 3.0000 6.8500 8.5000 

Terbium .3000 .9060 1.2000 trace 1.2900 1.2000 

Dysprosium .4500 8.3200 9.1000 trace 6.6700 11.2000 

Holmium .0900 1.9800 2.6000 trace 1.6400 2.6000 

Erbium — 6.4300 5.6000 trace 4.8500 5.5000 

Thulium .9800 1.1200 1.3000 trace . 7000 .9000 

Ytterbium — 6.7700 6.0000 .2600 2.4600 4.0000 

Lutetium — .9880 1.8000 . 1000 .3600 .4000 

Yttrium .9000 61.0000 59.3000 8.0000 65.0000 ~ 51.4000 

Total 100.0000 98.5890 102.6000 102.1800 98.6900 100.0000 

1Some analyses previously adjusted to 100%. 

2Johnson, G. W. and T. E. Sisneros. Analysis of Rare-Earth Elements in Ore Concentrate Samples Using Direct Current Plasma Spectrometry. Proceedings of the 15th Rare-Earth Research Conference, Rolla, 

Mo, June 15-18, 1981. The Rare Earths in Modern Science and Technology, Plenum Press, NY, v. 3, 1982, pp. 525-529. 

3Zang, Z., et al. Rare-Earth Industry in China. Hydrometallugy, v. 9, No. 2, 1982, pp. 205-210. 

‘Westralian Sands Ltd. Company Brochure. Product Specifications. 

SAnalysis from Consolidated Rutile Ltd. 

SAnalysis from Associated Minerals, Green Cove Springs, FL. 

7Xi, Zhang. The Present Status of Nd-Fe-B Magnets in China. Paper presented at The Impact of Neodymium-Iron-Boron Materials on Permanent Magnet Users and Producers Conf. Gorham International Inc.., 

Clearwater, FL, Mar. 2-4, 1986, 5 pp. 

8Lu, Daluh, Horng, J., and C. Tung. The Separation of Europium from Taiwan Black Monazite. In the Proceedings of the CIChE-AIChE Symposium on Modern Chem. Eng. T ech., Taipei, Taiwan, Sept. 

16-19, 1986, pp. 57-59. 
9Nakamura, Shigeo. China and Rare Metals-Rare Earth. Ch. in Industrial Rare Metals, No. 94, May 1988, pp. 23-28. 

1°[ntroduction to Jiangxi Rare-Earths and Applied Products. Jiangxi Province Brochure at the International Fair for Rare Earths, Beijing, China, Sept. 1985, 42 pp. (in English and Chinese). 

11Trends in Usage of Rare-Earths. National Materials Advisory Board. Pub. NMAB-226, Washington, DC, Oct. 1970, 67 pp. 
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PRINCIPAL WORLD RARE-EA 
. 

f 

a 

7 : RARE-EARTH PRIMARY , 

COMPANY LOCATION MINERALS MINERALS oon 

UNITED STATES | oe 

1. Associated Minerals (USA) Green Cove Springs, Florida Monazite Titanium minerals | Gy 

_ Ine. 
and zircon 

a7 

2. Molycorp, Inc. Mountain Pass, California Bastnasite Bastnasite  — Sh - 

3. Imperial Mining Co. _ Marion, North Carolina Monazite, Gold and industrial | Y 

| | xenotime sand and gravel _ = 

AUSTRALIA | a . | 

4. Associated Minerals Con- _ Capel and Eneabba, Western Monazite Titanium minerals 
2 

solidated Ltd. Australia and zircon - — 

5. Consolidated Rutile Ltd. Amity, Bayside, Gordon, ~ Monazite Titanium minerals _ \ 

Dunwich, and Pinkenba, and zircon 

| Queensland _ 
| 

6. Currumbin Minerals Pty. Kirra, Kingscliff, Gympie, Gold Monazite : Titanium minerals 

Ltd. Coast, Rainbow Beach, Cudgen, and zircon | 

. and Currumbin, Queensland . 

7. Cable Sands (WA) Pty. North Capel, Waroona, and Monazite, Titanium minerals 

Ltd. Bunbury, Western Australia xenotime and zircon 

8. Mineral Deposits Ltd. Stockton and Durness (Tea Monazite Titanium minerals 

Gardens), New South Wales and zircon 

9. RZ Mines (Newcastle) Pty. Tomago and Nabiac, New Monazite Titanium minerals 

Ltd. South Wales and zircon 

10. Westralian Sands Ltd. Yoganup (Yoganup Extended), Monazite Titanium minerals : 

| Boyanup (Yoganup North), and zircon 

| and Capel (North Capel), | 

a _ Western Australia SC 

BRAZIL | | 
| 

11. Nuclebras de Monazita e Alcobaca, Porto Seguro, and Monazite Titanium minerals 

Associados Ltda. Prado, Bahia _ and zircon 

(NUCLEMON) | 
| : : 

12. Nuclebras de Monazita Aracruz, Guarapari, and Monazite Titanium minerals 

Associados Ltda. “Itapemirim Espirito Santo . and zircon 

(NUCLEMON) 
: | ~T€ 

13. Nuclebras de Monazita e Sao Joao da Barra, Rio de Monazite Titanium minerals | 

Associados Ltda. _ Janeiro and zircon 

(NUCLEMON) | a 

CANADA 
| COMPANY LOCATION 

eee 

14. Denison Mines Ltd. Elliot Lake, Ontario Monazite, Uraninite, brannerite 

| | brannerite INDIA 
28. Indian Rare Earths Ltd. Chavara, Alwaye 

CHINA 
vara, mmey 

15. State-owned Baiyunebo, Inner Mongolia Bastnasite, Magnetite, 29. Indian Rare Earths Ltd. Manavalakurichi 

Autonomous Region monazite specularite and 

hematite , , 

; 30. Indian Rare Earths Ltd. Chatrapur, Oriss 

16. State-owned Weishan, Shandong Province Bastnasite Unknown 

17. State-owned Longnan, Xunwu, and Ding- RE minerals in RE minerals in clay 31. Kerala Minerals & Chavara, Kerala 

nan, Jiangxi Province clay Metals Ltd. 

19. State-owned Xihuashan, Jiangxi Province RE minerals Wolframite, scheelite 

20. State-owned Yangjiang (Nanshanhai), Xitou, | Monazite, Titanium minerals INDONESIA 

Dianbai, Zhanjiang, and Hai- xenotime and zircon ; ; . 

kang, Guangdong Province 32. PT Tambary Timah ae O eta 

21. State-owned Nangang, Guangdong Monazite, Titanium minerals —_—_—_—_—— rrr 

Province xenotime and zircon MALAYSIA 

22. State-owned Pingyuan, Qingyuan, Long- RE minerals in RE minerals in clay , 

chuan Heping, and Ruyuan, clay 33. Malaysian Mining Corp. _- Various locations 

Guangdong Province 
Berhad and Selangor St 

23. State-owned Qinzhou and Beihai, Guangxi = Monazite Titanium minerals 34. Beh Minerals Sendirian —_ Lahat, Perak 

Province and zircon Berhad 

24. State-owned Sai-Lao, Wuzhaung, and Xing- | Monazite Titanium minerals 35. Others Various locations 

long, Hainan Island and zircon _ 

25. State-owned Yueyang, Hunan Province Monazite NA 

26. State-owned Tongsalin, Hunan Province RE minerals in RE minerals in clay SOUTH AFRICA 

clay 36. General Mining Corp. Ltd. | Naboomspruit, T 

27. State-owned Fujian Province RE minerals in RE minerals in clay 37. Richards Bay Minerals Richards Bay, N 
clay . 

. 
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RARE-EARTH PRIMARY RARE-EARTH PRIMARY 
MINERALS MINERALS COMPANY LOCATION MINERALS MINERALS —_——_— ws CEE NS 

—— SRI LANKA 

rala Monazite Titanium minerals 38. Ceylon Mineral Sands Pulmoddai Monazite Titanium minerals and zircon Corp. and zircon nil Nadu Monazite Titanium minerals eee 
and zircon 

Monazite Titanium minerals TAIWAN 

and zircon : 39. Pacific Ocean Rare Yuanlin and Chiai Counties Monazite limenite and zircon Monazite Titanium minerals Earth Industry Co. 
and zircon 

THAILAND 
1 Sing- Monazite, Cassiterite 40. Various companies Prachuap Khiri Khan, Chum- = Monazite Cassiterite xenotime phon, Phuket, and Takua Pa 

eee 

>erak Monazite, Cassiterite U.S.S.R 
xenotime 41. State owned Lovozero complex, Kola Loparite Apatite 
Monazite, Cassiterite Peninsula 
xenotime 42. State-owned Khibiny complex, Kola Apatite Apatite 
Monazite, Cassiterite Peninsula 
xenotime 43. State-owned Synnyr, Khrebet Bastnasite NA 

eee 

vaal Monazite Fluorite 

Monazite Titanium minerals 
and zircon hl 
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a 

however, that very little exploration is con- | solvent extraction process to separate the Byproduct Scandium.—There is no 

ducted specifically for rare earths. Two | rare earths into two concentrates. One con- | domestic exploration or mining conducted 

world-class bastnasite deposits are | tains lanthanum, praseodymium, and | solely for scandium. This is because it oc- 

developed and dozens of heavy mineral neodymium and the other samarium, | curs only in trace amounts ranging from 

sand deposits are being worked for their | gadolinium, and europium. Each of these | about one part per million in uranium ores 

combined mineral suite. Most of the | concentrates is then put through other sol- | to between 500 and 800 part per million 

mineral sand deposits were found during | vent extraction circuits, and proprietary | in tungsten concentrates. Scandium has 

| exploration conducted for ilmenite or other | processes are used to separate the in- | recently been recovered as a secondary 

titanium minerals. dividual rare earths from each other. byproduct of copper mining at the Bingham 

Monazite and xenotime concentrates can | Canyon Mine in Utah. It was recovered 

Mining.—Mountain Pass bastnasite is | be processed by dissolution in either | there from barren copper leach solutions 

mined as a primary product from car- | sodium hydroxide or sulfuric acid. The first | that were processed by ion exchange and 

bonatite, an intrusive igneous rock | process is preferred because of its effec- | solvent extraction to produce uranium con- 

associated with alkaline intrusive igneous | tiveness in removing phosphate. In either | centrates. Because of low uranium prices, 

rocks. The hard rock is mined via bench- | method, thorium and certain other | recovery operations for this commodity 

cut, open pit methods. Blasted ore is truck- | elements are separated, and the rare earths | and, hence, the byproduct scandium were 

ed to the mill where it is crushed, screen- | are subsequently recovered as mixed or in- | placed on standby status in February 1989. 

ed, and heated to improve flotation. | dividual compounds. The leach solution, after completing its 

Bastnasite recovered from the flotation cir- In the alkaline process, the concentrate | course through the copper recovery cir- 

cuit is thickened, filtered, and dried to pro- | is finely ground and reacted with a hot | cuits, was obtained and processed by 

duce a 60% REO concentrate. The concen- | (140° to 150° C) solution of sodium | Energy Fuels Nuclear Corp. using an ion- 

trate can be upgraded to 70% REO by | hydroxide for several hours. The rare earths | exchange method to recover uranium. In 

leaching with 10% hydrochloric acid to | and thorium form insoluble hydroxides, | this method, metal cations contained in the 

consume any remaining calcite. Subsequent | and trisodium phosphate is dissolved. | solution were adsorbed on resins in the ion 

roasting can further increase the REO con- | Water is added for thinning purposes, and | exchange columns. Upon successive passes 

tent to 85% by liberating carbon dioxide | after settling, the hydroxide precipitates are | through this circuit, the solution was de- 

from the carbonate portion of the mineral. | recovered by filtration, sodium hydroxide | pleted of uranium, scandium, and other 

Heavy-mineral sands are the sources of | is recycled, and trisodium phosphate is impurities. The resins were then stripped of 

most monazite and xenotime mined in the | recovered by crystallization. their adsorbed materials via solvent extrac- 

world. Almost all mining of these sands is The next processing step is to separate | tion. Uranium products became entrained 

done by floating dredges that concentrate | the rare earths and thorium. Two common | in the solvent and a sludge developed. 

the heavy minerals onboard and discharge methods exploit solubility differences for | Scandium was contained in the sludge in 

the unwanted tailings back into the | the separation. One way is to dissolve the | concentrations ranging from 5% to 10%. 

previously mined areas. Dredging is par- mixed hydroxides in nitric or hydrochloric | The sludge was then processed at a refinery 

ticularly well-suited for the mining of un- | acid. Thorium can then be selectively | to recover scandium oxide or other specific 

consolidated sands. Dredged ore is mined | precipitated by partially neutralizing the | compound products. 

with either cutter-head suction dredges or | solution with the addition of sodium 

bucketwheel excavators. The onboard wet | hydroxide or ammonium hydroxide. The | Economic Factors 

mill separates the economic heavy minerals | solution is filtered to remove the thorium 

(“heavies”) from the gangue through a | precipitate. Another method selectively Prices.—Trends for bastnasite and 

series of equipment that may include | dissolves the rare-earth hydroxides in | monazite concentrate prices are shown in 

hydrocyclones, screens, spirals, and cones. hydrochloric acid. Rare-earth chlorides are | figures 8 and 9. Both concentrates exhibited 

Indurated sand deposits that are too dif- | dissolved, and thorium hydroxide is | a fairly steady growth in prices except for 

ficult to extricate by dredging are mined | precipitated and separated by filtration. | a few years following the 1979-81 economic 

with typical earth-moving equipment (e.g., Solvent extraction also may be employed | recession. Time-price relationships, based 

dozers, loaders, and/or scrapers). to separate the two materials. Tri-butyl | on 1982 constant dollars, are shown in 

phosphate or certain amine nonaqueous | table 9. 

| Processing.—Bastnasite is processed by | solvents can be used, but amine extractants 

leaching 85% REO roasted calcine with | are reported to perform best in sulfate solu- Tariffs.—In 1989, the classification of 

hydrochloric acid to yield soluble | tions and form a high-purity thorium | imports to the United States was revised 

chlorides. Cerium, oxidized during | complex. under the Harmonized Tariff Schedule of 

roasting to a higher valence, is insoluble In the acid digestion process, monazite | the United States. The new system of 

and passes through a countercurrent decan- | is finely ground and reacted with concen- | classification was enacted to facilitate trade 

tation and thickening circuit. The thicken- | trated sulfuric acid at about 200° C. | between the United States and the rest of 

ed material is then filtered to collect the | Temperature and acid concentration are | the world. The tariffs on imported rare- 

precipitate, containing about 70% REO, controlled during digestion, and both rare- | earth materials are shown in table 10. 

90% of which is ceric oxide, which is dried | earth and thorium sulfates are formed. The 

and sold as cerium concentrate. The leach | sulfates are then dissolved in water and Depletion Provisions.—The U.S. 

solution overflowing the thickener circuit | separated from the insoluble impurities by | Government’s tax depletion allowance on 

contains the remaining rare earths in the | filtration. Thorium is then separated by domestically produced monazite was 22 7% 

form of chlorides and is put through a | precipitating with ammonia. | on the thorium content and 14% on the 
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se 

| FIGURE 8 mental guidelines for air, water, and soil 
1 quality. Reclamation of land currently min- 

| BASTNASITE CONCENTRATE’ PRICES ed for materials other than coal, including 
4 008 EE Se Se Se See eee eee eee rare earths, was controlled by State authori- 

ee ee ee ee : i: y | ty. Requirements differed by State jurisdic- PoE GG PoP UE OA tion, with most requiring the mined land 
oo 7s EE Uf: | be returned to its original use or trans- 

Se po: i: & _: | formed into recreational and agricultural 

ee PoE: PL: Naturally radioactive thorium-bearing of 2) eee fF | | rare-earth ‘minerals and their byproducts oc PoP Gb PO oP oP Gobo oP oP ob ok Eb ee EOL : | were controlled by Federal and State regula- 
S$ 2-4 47 SE | tory agencies. State requirements differed 

5 PoP oP PP bob Gg / ib oP 2 4} 4 | 4 3 | by jurisdiction, but typically controlled the Oo PoP EP POG Gb | Sf i obo: od i: 4 4} 4: | handling, shipping, and storage of materials PoP PP EG Poi oP od oi 2: 2 $$ £ 3 | | containing thorium. Thorium-bearing resi- 
Bob GE Ko EE tt i i if | dues were required to be disposed of only 

1 pe p bob op oo: i oi +: 3: 2: £ 4 ££ | im Federally licensed fee-for-burial sites. 
Ko oP oi oi ob ob boi od £ £ 4 4 + | The domestic rare-earth industry has incur- 

eb io bog bo o£ boi of o£ £ } 4 4  £ | ved substantial costs to properly store and 
Popo bod bod bo bob ob bo bob Po bo EG : i 4 | dispose of radioactive waste products. 0 : : : : : : : : : : : : : : : : : : : : 

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 Toxicity—The rare-earth elements are 
1 considered only slightly toxic.42 However, 
60% REO content. the production of skin and lung granulomas 

| after exposure to oxides, fluorides, 
chlorides, and metals by prolonged 

FIGURE 9 breathing, intradermal injection, or sub- 
1 7 cutaneous implantation requires extensive 

MONAZITE CONCENTRATE’ PRICES protection to prevent exposure through cuts 
and abrasions of the skin and inhalation. 

00 oT rr Symptoms of toxicity include writhing, 
ataxia, labored respiration, walking on the 

1.40 |__| —* Actual price = —*- 1982 Conatant U.S. $ —y toes with arched back, and sedation. 
PoE EP GP PO EO EP GG PPP GP EG ay Research has shown males are less suscep- 

1.20 }-—+ + x tible than females to the toxic effects of the 
Pop EP PoP Eo PoP PoE Eo EG CNT rare earths. Extreme care must also be 

1,00 K+ i pK i taken when exposed to finely divided rare- 
& a WV PG earth metals and metallic powders to avoid 
 9.g9 pee pyrophoric burns from rapid and possibly 5 PoP EE PG JO PoP PG! instantaneous oxidation, especially if inhal- 
O o60 en a ee ee ee _ ed. Certain finely divided rare-earth 

. PoP op EO EEG ee metals, alloys, and powders, may also pre- nae Sent the additional hazard of oxidivng 0.40 
rapidly enough to explode. 

0.2 Employment.—Rare-earth mine and mill 
0.00 1 1 1 1 1 ho average number of workers, is shown in 

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 figure 10. Data were furnished by the U.S. 
"55% REO content. Department of Labor and compiled by the 

Bureau of Mines. , 

Productivity Trends.—The 11-year trend 
for U.S. rare-earth mine productivity, based 
on capacity utilization, shows a slight in- 

rare-earth content. Monazite produced in | Operating Factors crease for monazite and a slight decrease 
foreign countries was permitted a 14% for bastnasite. However, gains were made 
depletion allowance. The domestic deple- Environmental Requirements.—Domes- | during the period as improved mining plans 
tion allowance for U.S. and foreign produc- | tic mines and processing plants were | and recovery methods were initiated at the 
ed bastnasite and xenotime was 14%. required to meet Federal and State environ- | rare-earth mines in California and Florida. 
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1Renison Goldfields Consolidated Limited. Annual Report, from Japanese). China and Rare Metals. No. 94, May 1988, TABLE 9 

oR, . bo d/free d : salad al Minerals (London). Danish M d E 
ree on boar into container depot. lustri inerals ndon). Danis insands 

3Metal Bulletin (London). Non-Ferrous Ores in Europe. Evaluated. No. 267, Dec. 1989, p. 9. CONCENTRATE PRICES 

Dec. 30, 1988, p. 36. 25Jones, Grayden. Hecla Seeking Rare Minerals in (Dollars per kilogram of 

4Values have been converted from Australian dollars (A$) | Greenland, (Article in the Spokane Spokesman newspaper), rare-earth oxide contained) 

to U.S. dollars.(US$) at the exchange rate of A$1.1710-US$1.00 | Aug. 9, 1989. 

based on yearend 1988 foreign exchange rates reported by 26Bondam, Jan. Greenland. Min. Annu. Rev., p. A184. 

the Wall Street Journal. 27Russell, A. Guyana’s Industrial Minerals. Ind. Miner. No. Monazite 

SValues have been converted from Australian dollars (A$) | 260, May 1989, pp. 61-67. Bastnasite concentrate, 

to U.S. dollars (US$) at the exchange rate of 28Roskill’s Letter from Japan. Demand for Scandium in concentrate, 55% REO 

A$1.2660-US$1.00 based on yearend 1989 foreign exchange | Japan: 50% goes to Metal Halide Lamps. No. 154, Feb. 1989, | year 60% REO plus thoria 

rates reported by the Wall Street Journal. p. 9. Actual Constant 1 Constant Actual Constant 

Hedrick, James B. Availability of Rare Earths. Am. Cer. 29Ottley, Derek. Mineral Resources Potential of Malawi. _ Actual Constant Awe 

Soc. Bull., v. 67, No. 5, May 1987, pp. 858-861. Min. Mag. Feb. 1989, p. 129. 1970 $0.66 $0.28 $0.37 $0.16 

Industrial Minerals (London). New J-V to Evaluate |  s9fndustrial Minerals (London). Fletcher Ilmenite Progress. | 1971 66 29 38 17 

Yangibana Rare Earths. No. 261, June 1989, p. 8. No. 257, Feb. 1989, p. 1. BBS 

s_ Rare Earths Refining Development. No. 267, Dec. |  siGriffiths, Joyce. South Africa's Minerals: Diversity in | 12/* 9?) 16 

1969, p: 8. Adversity. Ind. Miner. No. 263, Aug. 1989, p. 30. 1973 .66 33 .40 .20 

———. Rhone Poulenc RE Interest. No. 267, Dec. 1989, 32Mining Magazine. Namaqualand Sands. V. 161, No. 3, pa 9”~C B(‘a#*‘“‘;‘«~«*S;:! 79 B D 73 

p. 68. Sept. 1989, p. 179. i Ac 

ae O89, p. 2. Nissho-Iwai Buys RZM, Cable |  ssyfetal Bulletin (London). QIT Unit Puts Off South | 1975 _ 99 58 41 .24 

° 7 7B African Titanium Exploration. No. 7419, . 25, 1989, p. 15. 
11Mining Annual Review. Pacific and Australasia. p. A7l. ad astrial Mi i ais (London). RBM aa i Mi P ds 1976 1.10 69 36 23 

12Industrial Minerals. Australmin Minsands Production. " 1977 1.43 .96 35 24 

No. 268, Jan. 1990, p. 8 Output. No. 265, Oct. 1989, p. 18. lt 

. 268, Jan. , p. 8. 5 

|  13Mining Magazine. Eneabba Sands Go-Ahead. Aug. 1989, ; - Sale of the Century. No. 257, Feb. 1989, p. 14. 1978 STAB 5B 

p. 99. 6Nakamura, Shigeo. Taiwan Rare Earths (translated from 1979 1.87 1.47 6 60 

. 

14Industrial Minerals (London). Australia-Scott River Japanese). China and Rare Metals. No. 94, May 1988, p. 87. 1980 1.87 1.60 81 69 

Mineral Sands Interests. No. 265, Oct. 1989, p. 12. 7Mining Magazine. Mining Annual Review-1989. Ind. | “77 ____ 

15Mining Journal (London). North Broken Hill Rings New | Miner., p. A103. 1981 2.03 1.91 83 .78 

Changes. V. 313, No. 8044, Nov. 3, 1989, pp. 376-377. **Work cited in footnote 8. 1982 2.20 7.20 75 75 

16Work cited in footnote 11. 39Materials Edge. Magnesium Elektron-Opportunity ea 

17Mining Magazine. The Sands of Cooljarloo. V. 160, No. Knocks for Yttrium-Based Castings. V. 1, No. 12, July-Aug. | 1983 2.03 2.11 71 73 

7, July 1989, pp. 6-7. 98p2 86S el—=*e | 1984 2.03 2.19 64 10 
184 nuario Mineral Brasileiro 1988. Monazita (translated 40Materials Engineering. High-Temperature Aluminum | ——————————_———————— Ot 

from Portuguese). pp. 264-265. Alloy. V. 106, No. 106, Aug. 1989, pp. 12-17. 1985 2.03 2.25 1.09 1.12 

19____ Terras Raras (translated from Portuguese). pp. .41The Outlook-Annual Forecast. Standard & Poor’s Corp. 1986 2.03 9.94 1.06 1.22 

320-321. V. 61, No. 46, P. & 1987 2.20 2.58 90 1.06 
20Mining Magazine. Rare Earths from Brazil. V. 160, No. 42Mariano, A. N. Economic Geology of Rare Earth | 7°)" 

7, July 1989, p. 19. Elements. Chap. li in Geochemisty and Mineralogy of Rare | 1988 2.31 2.80 1.15 1.39 

21Robjohns, Nicola. Rare Earths. Met. & Miner. Annu. Earth Elements. Mineralogical Soc. of America, Review in ee 

Rev., p. C84. Mineralogy, v. 21, pp. 309-337. 1989 2.54 3.21 D0 

22China Rare Earth Information. China Rare Earth 1989. 43Haley, T. J. Ch. 40 in Handbook on the Physics and 

No. 17, May 1990, pp. 1-2. Chemistry of Rare Earths, v. 4: Non-Metallic Compounds 

23Chori Co. Ltd., High-Tec Division. Scandium (translated | II. North-Holland Publ. Co., 1979, pp. 553-585. 

TABLE 10 

| TARIFF RATES 
I (GIT 

Most favored nation (MFN) Non-MFN 

Jan. 1, 1989 Jan. 1, 1990 Jan. 1, 1989 Jan. 1, 1990 

Thorium ores and 

concentrates (monazite) 2612.20.0000 Free Free Free Free. 

Rare-earth metals, 

intermixed or alloyed 2805.30.0000 $0.705/kg $0.705/kg $4.41 kg $4.41 kg. 

Cerium coumpounds! 2846.10.0000 7.2% ad val. 7.2% ad val. 35% ad val. 35% ad val. 

Mixtures of rare-earth oxides 

or rare-earth chlorides 2846.90.2000 Free Free 25% ad val. 25% ad val. 

Rare-earth oxides except 
cerium oxide 2846.90.2010 Free Free 25% ad val. 25% ad val. 

Other rare-earth compounds 

or mixtures 2846.90.2050 Free Free 25% 25%. 

Other rare-earth oxides or 
other rare-earth chlorides? 2846.90.5000 3.7% ad val. 3.7% ad val. 25% ad val. 25% ad val. 

Ferrocerium and other 3606.90.3000 $.485/kg + $.485/kg + $4.41 kg + $4.41 kg + 

pyrophoric alloys 2.6% ad val. 2.6% ad val. 25% ad val. 25% ad val. 

iDuty of 3.7% ad val. on certain yttrium, ore material, and compounds suspended through 1993. 

2Duty on yttrium bearing material and compounds temporarily suspended in 1989 and 1990. 
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By John W. Blossom 

Mr. Blossom, a physical scientist/engineer with 42 years industry and Government experience, has been the commodity specialist 

for rhenium since 1983. 

n 1989, domestic demand for rheni- | TABLE 1 

| um metal and other rhenium pro- SALIENT U.S. RHENIUM STATISTICS 
ducts was met by domestic recovery, (Pounds of contained rhenium) 

: domestic stocks, and imports. 
Rhenium is a byproduct of molybdenite | ———————_____—————————————————————SSSSSFSSFSSsSsSseseseF 

recovered as a byproduct of porphyry cop- 1985 1986 1987 1988 1989 
per ore from seven mines in the Western | Mine production! 21,100 21,700 21,800 26,300 38,500 | 

United States. Consumption of rhenium in- | Consumption® 13,000 13,000 15,500 17,000 18,000 

creased about 6% in 1989. Imports for con- | Imports (metal) 4,943 5,495 7,436 6,821 8,346 
sumption apparently decreased about 23%. | Imports for consumption of  — ti—(‘é;O;™*~*~*~*~*~*~™OCOCOOOOOO 
Some of this apparent decrease in imports | ammonium perrhenate 3,325 12,189 7,225  —- 5,979 2,089 
was caused by category changes under the | ‘Estimated. 
Harmonized Tariff Schedule, which | ‘C™cu™*4 *entum comamed in molybdentte concentrates. 
became effective January 1, 1989. The ma- , 
jor uses during the year were bimetallic 
platinum-rhenium catalysts and jet engine 
high-temperature components. The price of 
rhenium metal was about $700 per pound, | —_________________________—_ |_ many of the monometallic catalysts. 
and the price for ammonium perrhenate CONSUMPTION AND USES Rhenium catalysts tolerate greater amounts 

about $650 per pound of contained metal | _—S—S—S~S~<;7«7;7;]73}PTFSCSC<CS<;7<S;«S;7; STtStSé<S*é*«w*tS of carbon formation and make it possible 
The major uses of rhenium are in | to operate at lower pressures and higher 

Tre wear ee ana, | petroleum-reforming catalysts and in high- | temperatures, which leads to improved 
DOMESTIC DATA COVERAGE temperature super alloys used in jet engine | yields and octane ratings. 

components. These two uses each repre- Catalytic units employing platinum-— 
Domestic mine production data for | sent about 45% of the total demand. rhenium catalysts are used in about 80% 

rhenium are developed by the Bureau of Rhenium is used in petroleum-reforming | of total U.S. reforming capacity. Platinum- 
Mines from reported molybdenum produc- | catalysts for the production of high-octane | rhenium catalysts are also used in the pro- 
tion at the seven operating porphyry | hydrocarbons which are used in the pro- | duction of benzene, toluene, and xylenes, 
copper-molybdenum-rhenium mines in the | duction of lead-free gasoline. Bimetallic | although this use is small compared with 
United States. platinum-rhenium catalysts have replaced | that used in gasoline production. . 

TABLE 2 

HARMONIZED TARIFF OF THE UNITED STATES (1990) RHENIUM 

Duties import only 

Action HTS No. Commodity description Unit Most favored nation (MFN) Non-MFN 
percent ad valorem percent ad valorem 

Export 2811.19.0000 Other inorganic acids: Other-Rhenium, etc. kg _— — 

Import 2811.19.5050 do. kg 4.2 25 

Export 2841.90.0000 Salts of peroxometallic acids: 
Other-Rhenium, etc. kg — — 

Import 2841.90.2000 Salts of peroxometallic acids: 
Other-Ammonium perrhenate kg 3.1 25 

Export 8112.91.0000 Rhenium, etc. (metals)-Unwrought; 
Waste and scrap; powders kg — — 

Import 8112.91.0500 Rhenium, etc. (metals)-Waste and scrap kg Free Free 

Do. 8112.91.5000 Rhenium, (metal)-Unwrought; Powders kg 3.7 25 

Export 8112.99.0000 Rhenium, etc. (metals)-Wrought; etc. kg — — 

Import 8112.99.0000 do. kg 5.5 45 
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TABLE 3 a _ | molybdenum concentrates; however, the 

U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM PERRHENATE, | 72Xtity of rhenium actually recovered is 
much lower since not all concentrates are 

BY COUNTRY processed to recover the rhenium values. 
(Rhenium content) Rhenium was recovered from some 
a s|sézyproduct molybdenite concentrates from 

1987 1988 1989 porphyry copper deposits in Canada, 

~ Country - Quantity Value Quantity Value —. Quantity Value Chile, China, Iran, Peru, the U.S.S.R., and 
_ (pounds) (thousands) (pounds) (thousands) (pounds) (thousands) the United States. In addition, the U.S.S.R. 

Brazil 440 $27... 24+ ==. | also recovered rhenium as a byproduct 

Chile ~—~—~—«4,906 1,426 3,449 «$1,892 579 $151 | from the Dzhezkazgan sedimentary copper 
aim 4 3 _ _ _ _ deposit in Kazakhstan. Rhenium metal and 

| | compounds were recovered from 
Ecuador 154 61 a 7 7 i” molybdenum concentrates in Chile, 
Repubhe reer 547 176 407 378 _ _ France, the Federal Republic of Germany, 

Jaan 309 30 192 05 _ _ Sweden, the U.S.S.R., the United 
apan Kingdom, and the United States. 
Netherlands | — — 761 390 — —_ 

Sweden 1,040 272 1,150 729 290 188 _ 

Switzerland - — ~ — ~ 1,220 610 WORLD REVIEW - | 
United Kingdom 2955 9 = — a 

Torah 2S 22D TSG 2089 The definitions of reserves and reserve 
Source: Bureau of the Census base are published in U.S. Geological 

: Survey Circular 831, “Principles of a 
Resource/Reserve Classification For 

TABLE 4 Minerals,’ which is reprinted in the in- 

U.S. IMPORTS FOR CONSUMPTION OF RHENIUM METAL, troduction of “Mineral Facts and Problems, 
BY COUNTRY 1985 Edition” and “Mineral Commodity 

Summaries, 1990.” 
a Estimated world reserves and reserve: 

| | 1987 1988 1989 base of rhenium appear in table 5. They are 

Country Gross Gross - Gross contained primarily in molybdenite in por- 
weight Value weight Value weight Value phyry copper deposits. U.S. reserves are 
(pounds) (pounds) (pounds) concentrated in Arizona and Utah, but are 

Chile 5,463 $1,445,049 5,359 $2,144,211. 3,710 $1,582,515 | also found in Montana, Nevada, and New 
Germany, Federal _ Mexico. Canadian reserves are located in 

Republic of 1,867 593,093 1,442 1,003,724 4,623 2,588,163 | British Columbia, primarily on Vancouver 
Other! #§  ~ 106 34,342 0 13,100 12 25,880 | Island. Chilean reserves are found primari- 
“Total ~—S—=*«<“‘«i‘«Sz«CABGSC*««OT2, BA 6,821 3,161,035 8,345 4,196,558 ly at four large porphyry copper mines and 
"Includes France, Japan, Sweden, Switzerland, and Urmguay.=~*~SC~C*”C*CS~C—S~SSSCS~CSstSSSSCOWS-—CY:-s An Lesser deposits in the northern half of the 
Source: Bureau of the Census country. In Peru, reserves are concentrated 

primarily in the Toquepala open pit por- 
phyry copper mine, and in about a dozen 

A significant property of rhenium is its | spectrographs, electron tubes and targets, ov deposits located in the southern halt 
ability to alloy with molybdenum and | electrical contacts, metallic coatings, ° S € country. ; al h 
tungsten. Molybdenum alloys containing | vacuum tubes, crucibles, electromagnets, oviet reserves are In several porphyry 
approximately 50 weight percent rhenium | and semiconductors. These varied uses COP ot dep Osis ane “the Seciientary COP ; 
have greater ductility and can be fabricated | have represented only about 10% of total eth eposit mainly in he C. van S P yi 
by either warm or cold working. Unlike | demand over the past year. of the country between e Caspian Sea an 
other molybdenum alloys, this alloy is duc- northwestern China. Other world reserves 

tile, even at temperatures down to 196° C, | —_____.__-—...... are located in Europe and mn sedimentary 
and can be welded. Also, alloys of tungsten FOREIGN TRADE copper-cobalt deposits in Zaire, in Africa. 

with 24 weight percent rhenium haveim- |" © 
proved ductility and lower ductile-to-brittle Imports for consumption of ammonium OUTLOOK 
transition temperature than pure tungsten. | perrhenate came from Chile, Sweden, and | — 
Rhenium improves the strength properties, | Switzerland, whereas Chile, the Federal 
at high temperatures (1,000° C), of nickel | Republic of Germany, France, Japan, Mex- In the next 5 years, demand for rhenium 
alloys. Some of the uses for these alloys are | ico and Sweden supplied rhenium metal. | metal could double to about 45,000 pounds 
in thermocouples, temperature controls, World production of rhenium was | annually, with propulsion component needs 

heating elements, ionization gauges, mass | estimated to be 75,000 pounds contained in | at 60%, petroleum-reforming catalysts 
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30% and the various other uses consum- TABLE 5 
ing 10%. This increase in demand may be WORLD RHENIUM RESERVES 

| met by processing a greater amount of con- AND RESERVE BASE 
centrates containing rehenium, and increas- | (Pounds) 
ing the rate of recovery into the 90% range. 
Recycling of rhenium-bearing waste and | Country ——sReserves_—_Reserve base 

spp mane gray improved THEA | Gace. nw 
. Chile 2,880,000 5,600,000 

technologies. $$ 
Peru 100,000 1,200,000 

U.S.S.R. 1,310,000 1,700,000 : 

| United States 850,000 10,000,000 

Other countries 200,000 800,000 

World total 5,410,000 22,700,000 
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By Dennis S. Kostick 

Mr. Kostick, a physical scientist with 11 years Bureau of Mines experience, has been the commodity specialist for salt since 
1980. Domestic survey data were prepared by Ms. Carleen Militello, mineral data assistant; and international data tables were 
prepared by Mr. Peter Roetzel, international data section. — 

he U.S. salt industry continued | furan or -TCDF) released by the processes. | preferred method of manufacture until it 
to restructure itself through con- | Dioxins are toxic synthetic compounds that | was replaced by the electrolysis of salt 
solidations, name changes, and | have been identified as carcinogenic to | around the turn of the century. 
domestic and foreign acquisi- | some animals, but their effect on humans 

tions to become a more integrated North | is controversial and inconclusive. The issue 
_| American industry competing in the | is whether or not the quantity of dioxin that PRODUCTION 

Western Hemisphere. The United States | has migrated from milk carton stock into 
continued to be the world’s largest producer | milk or from other paper products, such According to the Bureau of Mines survey 
of salt, accounting for about 18% of total | as paper towels, coffee filters, disposable | for 1989, 31 companies operated 69 salt- 
world production. Production and trade of | diapers, and sanitary paper products is | producing plants in 13 States. Eight of the 
salt increased slightly compared with the | harmful. Some pulp mills are considering | companies and 11 of the plants produced 
previous year. World production of all | converting from chlorine-base bleaching | more than 1 million short tons each and ac- 
types of salt rose about 4%. The greatest | chemicals to environmentally safe oxygen- | counted for 85% and 58%, respectively, of 
increase in production was in China, which | base chemicals, such as hydrogen perox- | the U.S. total. Several companies and plants 
reported a 27% increase in output, mainly | ide and sodium chlorate. Although less | produced more than one type of salt. In 
for use in its expanding chemical industry. | chlorine would be made, more sodium 1989, 12 companies (16 operations) produc- 
Environmental problems associated with | chlorate, which also uses salt as feedstock, | ed solar-evaporated salt; 6 companies (17 
emissions of chlorinated compounds may | would be produced. operations), vacuum pan salt; 10 companies 
affect the short-term status of the domestic The environmental issues that affected | (14 Operations), rock salt; and 16 com- 
chloralkali industry, which is the largest | chlorine have caused a tightness in the | panies (30 operations), salt brine. 
single consumer of salt. caustic soda market that resulted in higher The five leading States in terms of total 

caustic soda prices. Since 1986, when there | salt sold or used were Louisiana, 34%; 
ISSUES were large inventories of caustic soda in the | Texas, 20%; New York, 14%; Ohio, 11%; 
UE world, prices have risen fourfold as de- | and Kansas, 5%. Although Louisiana, New 

mand increased. Although certain uses for | York, and Ohio were major rock salt- 
About one-half of the domestic produc- | chlorine are expected to decrease during | producing States, a substantial amount of 

tion of salt is for use as feedstock by the | the next several years, one major sector is | salt was produced in Alabama, Kansas, 
chloralkali industry to manufacture chlorine | anticipated to have favorable growth, | Louisiana, New York, North Dakota, 
and coproduct caustic soda. Environmental | polyvinyl chloride (PVC). PVC, which is Ohio, Texas, Utah, and West Virginia as 
concerns regarding emissions of chlorine- | the second most widely used plastic after | brine for the chemical industry. 

. base compounds, such as those used in | low-density polyethylene, remained the The U.S. salt industry continued to 
chlorofluorocarbons (CFC’s) and in paper | main use for vinyl chloride, chlorine’s | restructure with changes of ownership, ac- 
bleaching, have reduced the demand of | primary market accounting for 24% of the | quisitions, and name-change an- 
chlorine and caustic soda since 1988. A | end use. Although domestic demand for | nouncements. Great Salt Lake Minerals 
decrease in chlorine production because of | PVC pipe and fittings has been decreasing | and Chemical Corp. (GSL) was acquired 
demand changes will have a corresponding | since 1988, which indicated a slowdown in | in March for $34.5 million by D. George 
affect on salt production. The pulp and | domestic construction starts, exports of | Harris and Associates and GSL senior 
paper industry, which consumes about 14% | PVC have been strong. Demand for vinyl | management. Aside from salt, the Utah 
and 24% of the domestic chlorine and caus- | chloride is anticipated to grow by more | facility also produced potassium sulfate, 
tic soda production, respectively, has been | than 4% through 1994, which should ease | sodium sulfate, and magnesium chloride. 
under investigation for discharging harmful | some of the tightness for caustic soda as | American Salt Co. , which also is owned 
effluents into the environment. Although | more chlorine will be required. To alleviate | by Harris, markets GSL’s salt. Domtar 
dioxin investigations have been conducted | some of the caustic soda shortages, some | Inc.’s Sifto Salt Div. was tentatively sold at 
since 1983, 104 bleached pulp mills were | chlorine and caustic soda manufacturers yearend, pending final approval by the U.S. 
studied in April 1988 by the U.S. Environ- | reportedly are also evaluating the | Department of Justice, to Carey Salt 
mental Protection Agency to determine the | possibilities of producing caustic soda Holdings Inc., the parent organization of 
cumulative risk of a certain dioxin (2, 3, | directly from trona, the ore of natural soda American Salt Co. and Carey Salt Inc. The 
7, 8 tetrachlorodibenzo-p-dioxin or TCDD) | ash, or from soda ash directly. Production | purchase was to include Domtar’s rock salt 
and a furan (2, 3, 7, 8, tetrachlorodibenzo | of caustic soda from soda ash was the mines in Goderich, Ontario, and Baldwin, 
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| LA. The vacuum pan plants in Nappan, TABLE 1 

Nova Scotia; Goderich, Ontario; and Uni- 

ty, Saskatchewan; were also included. The SALIENT SALT STATISTICS 

acquisition of Domtar, which was the third (Thousand short tons and thousand dollars) 

largest salt producer in North America, | 

would double Carey’s annual sales. 1985 1986 1987 1988 1989 
The salt division of Morton Thiokol was Unied Suess Ce 

spunoff in July into Morton International, a =e 

separate business composed of other chem- Production! 39,217 357,282 36,943 89TH 8D 

ical operations. Another major U.S. salt _Sold or used by producers! 40,067 36,663 36,493 38,940 38,856 

producer, International Salt Co., was renam- Value «$739,609 $665,400 $684,170 $699,323 $776,846 

| ed to Akzo Salt Inc., as part of a worldwide | _ Exports 904 1,165 341 884 1,567 

name change by its parent corporation in the Value $15,988 $16,928 $8,217 $10,858 $20,211 

_| Netherlands. The change also affected In- Imports for consumption 6,207 6,665 5,716 5,474 6,084 

ternational’s solar salt subsidiary in Utah, Value $65,593 $79,709 $66,936 $77,357 $74,474 

which was renamed Akzo Salt of Utah, Inc. | Consumption, apparent? 45,370 42,163 41,668 43,530 43,373 

| World: Production “190,629 “192,755 196,852 P202,785 “209,988 

CONSUMPTION AND USES _| @sinses. "Pslininary. "Revised 
1Excludes Puerto Rico. 

?Sold or used plus imports minus exports. 

More than 43.8 million tons of domestic 

and imported salt was consumed in the TABLE 2 

United States in 1989, based on the annual SALT PRODUCTION IN THE UNITED STATES 
survey of the U.S. salt producers. The re- 

ported percent distribution of salt by major (Thousand short tons) 

end use was chemicals, 46%; ice control, 

26%; distributors, 10%; food and agricul- Vacuum pans 

tural, 6%; industrial, 5%; primary water and Solar Rock Brine Total! 

treatment, 1%; and other combined with ex- open pans 

ports, 6%. For a more complete analysis of | 1985 3,613 2,549 13,990 19,065 39,217 

end-use markets, specific sectors of distribu- | i936 3,637 2,679 13,333 17,633 37,282 

fon "I a 7 iv be compan such ch 1987 3,716 3,120 12,230 17,817 36,943 

oericultural and Vater conditioning distribu. 1988 3,824 3,379 12,750 19,218 39,170 

tion, respectively. On an annual per capita 1989 3,975 3,140 13,979 18,184 39,278 

basis, th e avera g e citiz en consumes about Data may not add to totals shown because of independent rounding. 

352 pounds, based on an estimated U.S. 

population of 247 million and total reported TABLE 3 

consumption data in table 7. This total in- SALT PRODUCED IN THE UNITED STATES, 
cludes the amount of salt used by everyone BY TYPE AND PRODUCT FORM 

in the above categories. Using the data for 

the food processing and three-fourths of the (Thousand short tons) 

grocery wholesalers sectors from table 7, the 

quantity of salt used for direct human con- Vacuum pans 

sumption is about 16.6 pounds per person and Solar Rock Brine Total! 

per year. open pans 

The chemical industry is the largest con- 1988 

sumer of salt, primarily salt brine. Although | Bulk 686 2,516 12,142 19,218 34,562 

most salt brine is captively produced by | Compressed pellets 1,023 108 XX XX 1,130 

chemical producers, many chloralkaliman- | packaged 1,803 672 539 XX 3,014 

ufictures now puchased brine fom inde- | reset vids ———=*«=<«~CS BK 
cases, brine is captively produced by one __TotalY 3,824 3379 12,730 19,218 39,10 

chemical company, and any excess brine is 1989 

sold to neighboring competitors. According | Bulk 850 2,136 13,292 18,184 34,462 

to a survey of domestic salt-base chlorine | Compressed pellets 1,146 164 XX XX 1,310 

facilities, about 48% of the salt used to | Packaged 1,655 761 652 XX 3,068 

manufacture chlorine was captive, and 31% | pressed blocks” 324 82 33 XX 439 

was purchased brine. Purchased solar or | Toh 3,975 3,140 13,979 18,184 39,278 

rock salt comprised 12%, and imported | xjnamaaue COC applicable. 
rock, solar, and vacuum pan salt was 9%. 1Data may not add to totals shown because of independent rounding. 
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FIGURE 1 SSS 

U.S. SALT PRODUCTION LOCATIONS IN 1989 PRICES 

Price quotations are not synonymous 
’ with average values reported to the Bureau 

[Fy Ax | of Mines. The quotations do not necessari- 
ae | C\ ly represent prices at which transactions | | \> ae actually occurred, nor do they represent 

¥. bid and asked prices. They are quoted here 
. so PS , to serve only as a reference to yearend price 
5 3 9 ry SH levels. The following yearend prices were 

TS quoted in Chemical Marketing Reporter. 
6 

& fo | f—Z 3 Salt, evaporated, common: 

truckloads: 
@ BA TV North, works, 80 pounds $4.02 

Type of Salt s yr Bulk, same basis, per ton 60.00-61.20 

eee N Salt, chemical-grade, same basis: 

° cute 80 pounds 4.30 
O Solar Salt, rock, medium, coarse: 
M@ Rock Same basis, 80 pounds 2.70 
& Vacuum pan Bulk, same basis, per ton 8.00-25.00 
@ Brine Sodium chloride, USP: 

Granular bags, per pound 29 

| FOREIGN TRADE 

The chlorine and caustic soda industry Table 16 lists the domestic chlorine- 
consumed about 19.5 million tons of salt | producing facilities that used only salt as Section 1205 of the Omnibus Trade and 
for feedstock, based on the industry average | feedstock. Based on these estimates and | Competitiveness Act of 1988 required the 
ratio of 1.75 tons of salt required to pro- | using Bureau of the Census chlorine | United States to adopt an international 
duce 1.0 ton of chlorine and 1.1 tons of | production data, the U.S. salt-base chlorine | nomenclature and metric units for repor- 
coproduct sodium hydroxide. Reported con- | industry operated at 88% of capacity. | ting trade information. On January 1, 1990, 
sumption of domestic and imported salt for | According to The Chlorine Institute, the | the Harmonized Commodity Description 
chlorine manufacture was 18.8 million tons, | industry operated at an average of 90% of | and Coding System (HTS) replaced the 
as noted in table 7. The difference between | nominal capacity and 95% of effective | Tariff Schedule of the United States, An- 
the calculated and reported quantities was | capacity in 1989. Because these capacities | notated, for import data and schedule B for 
the amount of salt unreported to the Bureau | include chlorine produce from nonsalt | exports. Previously, salt imports had three 
of Mines from imports or captive brine | sources, i.e., from the electrolysis of | different categories—bulk, other (former- 
production of chloralkali producers. Pro- | magnesium chloride and the oxidation of | ly known as bags, sacks, and barrels), and 
duction of chlorine gas and liquid sodium | hydrochloric acid, this data may differ from | Salt in brine. Exports had one classifica- 
hydroxide, as reported by the Bureau of the | other reported chlorine capacity utilization | tion, sodium chloride-salt. Under the new 
Census and The Chlorine Institute, was as | information. HTS nomenclature, imports only have one 
follows, in thousand short tons: category known as “Salt (including table 

—_— ——_ } and denatured salt) and pure sodium 
$$ ______________ | SJOCKS chloride, whether or not in aqueous solu- 

Organization i9gg"igg, | ss CC”C*~=“‘“C””_T tion, seawater.’ The same classification 
Bureau of the Census: also applies to exports. The trade tables in 

Chlorine gas (100%) 11,257 11,161 Total yearend stocks reported by | this report list the previous and current 
Sodium hydroxide, producers were 2.4 million tons. Most of | identification codes for salt. 
liquid (100%) 10,527 _:11,075 | these inventories were rock salt and solar The United States imported in 1989 near- 

The Chlorine Institute: salt. Many States, municipalities, | ly four times the quantity of salt that it ex- 
Chlorine gas (100%) 11,597 11,909 | distributors, and road-deicing contractors | ported. Although this would indicate that 
Sodium hydroxide, 4 ~~-| Stockpiled additional quantities of salt | the United States is import reliant on salt 

liquid (100%) 12,262__:12,507 | in anticipation of adverse weather | to meet its salt requirements, the majority 
"Revised. conditions. of imported salt was brought into the 
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| TABLE 4 

| SALT SOLD OR USED! IN THE UNITED STATES, BY TYPE AND PRODUCT FORM 

(Thousand short tons and thousand dollars) 

ee 
Vacuum pans and ; 

Solar Rock Brine Total? 
Product form open pans —_— —— — 

Quantity. Value Quantity Value Quantity Value Quantity Value Quantity Value 

1988 

Bulk 682 29,482 1,684 25,028 12,222 155,046 19,601 70,084 34,189 279,640 

Compressed pellets 1,022 103,315 107 7,814 NA XX XX XX 1,130 111,129 

Packaged: 

Less-than-5-pound units 155 NA 1 NA 35 NA XX XX 194 NA 

More-than-5-pound units 1,648 NA 742 — NA 574 NA XX XX 2,966 NA 

Total? 1,803 209,860 743 34,531 609 30,469 XX XX 3,159 274,861 

Pressed blocks: a oO | | 

For livestock 150 NA 49 NA 1 NA XX XX 200 NA 

For water treatment _ 161 NA __ 33 NA 67 NA XX XX 261 NA 

Total? _3il 22,830 __ 82 5,580 68 5,284 XX XX 462 33,693 

1989 ne ne nn CO 

Bulk 837 36,321 1,822 26,929 13,261 192,143 18,198 103,244 34,118 358,637 

Compressed pellets 1,142 119,355 148 10,539 NA XX XX XX 1,290 129,894 

Packaged: 

Less-than-5-pound units 123 NA — NA 75 NA XX XX 198 XX 

More-than-5-pound units 1,543 NA __708 NA 569 NA XX XX 2,820 XX 

Total? 1,666 182,323 __ 708 37,217 644 35,695 XX XX 3,018 255,235 

Pressed blocks: TO TO nn 

For livestock 154 NA 60 NA 7 NA XX XX 221 XX 

For water treatment 168 NA 16 NA 26 NA XX XX 210 XX 

Grand total? 3,967 362,730 2,754 80,338 13,938 230,534 18,198 103,244 38,856 776,846 
NA Not available. XX Not applicable. 

1As reported at salt production locations. The term ‘‘sold or used’’ indicates that some salt, usually salt brine, is not sold but is used for captive purposes by the plant or company. Because data do not include 

salt imported, purchased, and/or sold from inventory from regional distribution centers, salt sold or used by type may differ totals shown in tables 7 and 8, which are derived from company reports. 

2Data may not add to totals shown because of independent rounding. 

country by foreign subsidiaries of major | Atochem North America (Pennwalt), and | and estimated information. World produc- 

U.S. salt producers. Generally, imported | Weyerhaeuser Co. The salt and chloralkali | tion increased 4% in 1989 compared with 

salt can be purchased and delivered to | producers imported 76% of total imports; | that of the previous year. Since 1970, world 

many customers at costs lower than the | the remainder were to many small direct | salt production has increased more than 

comparable domestic product because pro- | buyers. Eight domestic salt producing com- | 30%, whereas world population has risen 

duction costs are less expensive abroad and | panies exported 87% of the 588,306 tons | 44%, from 3.63 billion to 5.19 billion in- 

currency exchange rates are more | exported in 1989, according to PIERS. The | dividuals. Based on these statistics, the 

favorable. Journal of Commerce data contains only | world annual per capita consumption has 

The Journal of Commerce’s Port Im- | ocean commerce and no rail or truck trade | decreased from 89 pounds to 80 pounds. 

port/Export Reporting Service (PIERS) | between Canada and Mexico. These data 

reported that Carey Salt Co., Cargill Inc., | may differ from total data reported by the Industry Structure 

Domtar Industries Inc., International Salt | Bureau of the Census. Tables 10 through 

Co., and Morton International imported | 13 list the import and export statistics The United States remains the world’s 

47% of the total imports of 4.9 million | reported by the Bureau of the Census for | leading salt-producing nation, representing 

tons. Five companies that manufacture | 1988 and 1989. about one-fifth of total world production. 

chlorine, which was the single largest The structure of the U.S. industry has 

domestic salt market, consumed 29% of changed throughout the years. In 1970, 

total imports, which were primarily solar WORLD REVIEW there were 50. companies operating 95 

salt. These companies were Brunswick plants in the United States. Market compe- 

Pulp and Paper Co., LCP Chemical & Table 14 lists world salt production | tition, energy and labor costs, less expen- 

Plastics Inc., Occidental Chemical Corp., | statistics for 97 countries based on reported | sive imports, and an excess of production 
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TABLE 5 capacities for mines and refineries and salt 
SALT SOLD OR USED’ BY PRODUCERS IN THE UNITED STATES, _| T@@uirements for salt-base chlorine | . facilities as of December 31, 1989. Rated BY STATE ws , capacity is defined as the maximum quan- (Thousand short tons and thousand dollars) tity of product that can be produced in a 

| period of time on a normally sustainable ‘ 1988 1989 rong term porate rate, based on the tate ——_ Quantity. Wailua’~«|: Physical equipment of the plant, and given 
Quantity Value Quantity Value Quantity Value acceptable routine operating procedures in- Kansast 1,778 72,965 1,634 71,189 | volving labor, energy, materials, and Louisiana 14,274 108,982 13,219 115,342 | maintenance. Capacity includes both New York 4,614 127,994 | 5,424 161,427 | operating plants and plants temporarily Ohio 3,795 115,860 WwW W | closed that, in the judgment of the author, 

Texas 8,202 64,425 7,856 69,935 | can be brought into production within a Utah 1,055 35,730 1,246 40,719 | short period of time with maximum capital Othe? 5,222 173,367 9,226 307,192 expenditure. Tables 5 and 16 list the an- Total* 38,940 699,323 "38,856 776,846 | nual production capacities of domestic rock Puetto Rico’ 
salt, solar salt, vacuum pan salt, and salt erto Rico 40 900 45 1,250 . . Estimated. W Withheld to avoid disclosing company proprielary dais inclade) aah “OMeD DR | brine producers. Table 17 incorporates the timated. W Withheld to avoid disclosing company proprietary data; included with ‘‘Other. . . . . ‘The term ‘‘sold or used’’ indicates that some salt, usually salt brine, is not sold but is used for captive purposes by the plant or domestic capacity data with foreign . salt company. 
capacities. Capacity data were derived Quantity and value of brine included with ‘‘Other.”’ 

. ° “Includes Alabama, Arizona, California, Kansas (brine only), Michigan, New Mexico, North Dakota, West Virginia and data indicated from industry Sources, p ublished reports, by symbol W. and estimates based on production trends. ‘Data may not add to totals shown because of independent rounding. 

Rock.—Because the majority of rock salt 
was used for deicing, the operating rate of 

TABLE 6 rock salt facilities fluctuated with the de- 
EVAPORATED SALT SOLD OR USED' BY PRODUCERS IN THE ang Jor deicing Soe again “ependént on UNITED ST ATES, BY STATE e severity Or winter weather conditions. 

} During periods of strong demand, produc- 
(Thousand short tons and thousand dollars) tion levels often achieve, or exceed in cer- 

| tain situations, the rated capacities. Full 
1988 1989 mine capacity generally is a function of the State Quantity Valo Quantity Value” hoisting capabilities of the mines. Assum- 

Value Quantity Value ing that the workweek is 5 days (250 work- Kansas’ 915 63,572 880 63,120 | days per year), two working shifts and one Louisiana 213 20,405 214 20,582 | maintenance shift per day, and at least one New York 771 65,647 783 65,173 | short-term planned turnaround for the mine Utah 992 34,652 1,171 37,119 | and mill per year, tables 15 and 17 list the Other? 3,548 254,164 2,647 157,679 | production capacities for domestic and Total 6,439 438,440 6,570 431,204 | foreign rock salt operations. 
Puerto Rico® 40 900 45 1,250 Estimated. 

. 
The tenn sold or used”’ indicates that some salt, usually salt brine, is not sold but is used fo tive purposes by the plant m Solar.—Solar salt, also known as © 

1 “ r used’’ in , 1 ut i r captive Ses plant or company. . ° “Includes Arizona, California, Michigan, New Mexico, North Dakota, Ohio, and Texas. and sea salt, is obtained from the solar *Data do not add to total shown because of independent rounding. evaporation of seawater, of landlocked 
bodies of saline water, and of discharged 
brines. Because evaporation rates must ex- 
ceed the precipitation rates, the climatic capacity reduced the size of the industry | mined. Some countries, such as the United | conditions and geographic locations of to 31 companies and 69 plants by 1989. | States, import a substantial amount of salt | solar evaporation facilities are critical to the Most countries possess some form of salt | to meet total demand requirements because | successful production and harvesting of production capability with production | of economic factors. solar salt. Therefore, rated capacities levels set to meet their own domestic generally are based on the historical demand requirements with additional quan- Capacity evaporation patterns within a region and tities available for export. Many develop- vary depending on the location and the sur- ing nations tend to develop their Each type of salt produced in the world | face areas of the evaporation ponds. Only agricultural resources first to feed their | has unique mining, processing, and | unpredictable seasonal precipitation and population. Development of easily extrac- | marketing characteristics that determine the market conditions usually affect the pro- table mineral resources follows with salt | criteria for deriving rated capacities. The | duction, and market conditions usually af- being one of the first commodities to be | data shown in tables 15 through 17 are rated | fect the production rates of the facilities. 
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TABLE 7 

DISTRIBUTION OF DOMESTIC AND IMPORTED SALT BY PRODUCERS IN THE UNITED STATES, 

. BY END USE AND TYPE 

(Thousand short tons) 

I Ii i 09090909909 

| Vacuum pans 

Standard — and Solar Rock Salt Total! 

7 End use industrial open pans a in a Grand 

classification Do- Im- Do- Im- Do- Im- brine Do- Im- total 

| mestic ported? mestic ported? mestic ported? mestic _ ported? 

1988 

Chemical: 

Chloralkali producers 2812 55 — 351 — 1,277 135 =18,150 =: 19,833 135 19,968 

Other chemical 28 (Excludes 2812,2899) _ 359 _24 _ 91 37 __218 2 ___ 35 __703 __ 63 766 

Total “4424 2371495 137 18,185 20,536 _ 198 20,734 
Food-processing industry: an a a a ne 

Meat packers 201 183 14 53 9 196 4 — 432 28 460 

Dairy 202 107 — 3 2 4 — — 114 2 116 

Canning 2091,203 131 — 40 23 78 4 1 250 28 278 

| Baking 205 128 — 11 1 11 — — 150 2 152 

Grain mill products 204 (Excludes 2047) 67 — 1 () 7 — — 75 — 75 

Other food processing __ 206-208,2047,2099 14 00¢«~CO 3 TB _ BAT _ 

To | “70 7S 8B SASS 132 
General industrial: an a _ EE 

Textiles and dyeing 22 90 54 10 35 33 1 6 139 90 229 

Metal processing 33,34,35,37 14 1 20 15 318 6 (°) 352 22 374 

Rubber 2822,30 (EX3079) 2 — 4 (°) 2 — 19 27 — 27 

Oil 13,29 44 — 334 23 81 — 337 796 23 819 

Pulp and paper 26 22 5 230 41 72 — 6 330 46 376 

Tanning and/or leather 311 11 — 42 2 67 1 — 120 3 123 

Other industrial 9621 __ 89 — _ 65 18 — 7 5 = __225 23 248 

Total’ 3720S 135 ASG 86898] _ 207 2,198 
Agricultural: a a _ To 

Feed retailers and/or 
___dealers-mixers 434 1 203 28 332 — — 969 29 998 

__Feed manufacturers 2048 69 — 89 17 262 — — 420 17 _ 437 

_Direct-buying end users 02 318 = _b = _ 6 _= _= _* - _# 

Total “td 4S OL 
Water treatment: a _ a _ 

Government (Federal, 

State, local) 2899 24 — 28 12 181 2 3 236 14 250 

Commercial or other 2899 __ 20 — 110 23 _ At = __ 1 __ 190 __23 __ 213 

Tol 4 = 138 34 2 _ 8 
Ice control and/or a _ a _ To 

Stabilization: 
Government (Federal 

__ State, local) 9621 6 1 160 85 8,168 2,171 1 8,335 2,257 10,592 

_ Commercial or other 5159 12 = _7 MN _ 3” 33 l 469 64 33 

Total 18 186 G87 2.924 28804 2921 NAS 
Distributors: a _ a a To 

Agricultural distribution 3159 101 15 85 21 108 23 — 294 59 353 

Grocery wholesalers 

and/or retailers 514,54 630 — 162 58 105 — — 897 58 955 

Institutional wholesalers 

and end users 58,70 29 — 33 5 113 — — 175 5 180 

See footnotes at end of table. 
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TABLE 7—Continued 

DISTRIBUTION OF DOMESTIC AND IMPORTED SALT BY PRODUCERS IN THE UNITED STATES, 
BY END USE AND TYPE 

(Thousand short tons) 

Vacuum pans 

Standard and Solar Rock Salt Total! 
End use industrial __OPen pans —( tg _ Grand classification Do- Im- Do- Im- Do- Im- brine Do- Im- total 

mestic ported? mestic ported? mestic ported? mestic ported? 
Water-conditioning 
distribution 7399 309 2 294 167 220 58 1 824 227 1,051 
U.S. Government resale 9199 7 — 3 — — — — 10 — 10 
Other wholesalers | 

and/or 
retailers 5251 673 10 114 149 618 9 — 1,405 168 1,573 Total! 1,749 27 690 400 1,164 91 1 3,605 517 4,122 

Other n.e.s.4 __ 96 _7 _217 12 __ 378 _ Si 883 _1,574 __70 1,644 
Grand total! 3,884 137 2,879 805 13,388 2,537 19,462 39,613 3,479 43,092 

1989 oe _ a OO OO 
Chemical: | 

Chloralkali producers 2812 51 (?) 399 — 1,347 117 16,865 18,663 117 18,780 
Other chemical 28 (Excludes 2812,2899) 339 396 141 22 244 2 33 757 420 1,177 

Food-processing industry: oo _ oO _ OO 
Meat packers 201 181 16 50 11 171 4 1 403 31 434 
Dairy 202 133 — 3 2 4 (?) — 139 2 141 
Canning 2091 ,203 144 (?) 37 19 84 5 1 266 24 290 
Baking 205 146 (7) 11 (?) 12 — — 168 (3) 168 
Grain mill products 204 (Excludes 2047) 77 (7) ) (7) 11 — — 88 (*) 88 
Other food processing 206-208 ,2047 ,2099 183 1 47 4 41 7 — 271 12 283 Toa “30 1) 4836) 6S ss 90 aoe 

General industrial: oe a oe _ OO OO 
Textiles and dyeing 22 93 55 14 38 27 1 4 139 94 233 
Metal processing 33,34,35,37 12 (?) 30 5 346 6 (°) 388 12 400 
Rubber 2822,30 (Excludes 3079) 2 — 4 (3) 3 — 26 34 (*) 34 
Oil 13,29 34 — 297 6 78 3 302 711 9 720 
Pulp and paper 26 24 4 237 32 65 3 7 334 39 373 
Tanning and/or leather 311 14 (3) 36 1 64 2 — 113 3 116 
Other industrial 9621 113 1 64 12 83 4 3 263 16 279 Toa mms 5s mm Tass 

Agricultural: a _ _ EEE 
~ Feed retailers and/or | 

dealers-mixers 309 11 189 28 356 1 (3) 853 40 893 
Feed manufacturers 2048 37 — 90 14 240 (?) — 386 14 400 
Direct-buying end user 02 17 — 13 — 18 — — 48 — 48 Toa 36 Tl [2 @ Tee “i Oo lw a Tan 

Water treatment: oe _ oe _ OO — 
Government (Federal, 
State, local) 2899 28 — 64 6 223 5 2 317 12 329 

Commercial or other 2899 16 — 102 14 _ 49 (°) 8 174 14 188 Toa ~4# = 76 2 Tm Ts Ta Tw Te osm 
Ice control and/or — a a _ OO oe 
Stabilization: 

Government (Federal, 
State, local) 9621 4 1 171 54 9,123 1,577 1 9,298 1,632 10,930 

Commercial or other $159 6 (°?) 62 4 347 99 12 428 103 531 Total? 10 1 233 58 9,470 1,676 13. 9,726 »=—«'1,735~—«*11,461 See foomotes atend oftwble. 
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TABLE 7—Continued | 

DISTRIBUTION OF DOMESTIC AND IMPORTED SALT BY PRODUCERS IN THE UNITED STATES, 

BY END USE AND TYPE 

(Thousand short tons) 

I I 99 

Vacuum pans 

Standard and Solar Rock Salt Total! 

End use industrial open pans in Grand 

classification Do- Im- Do- Im- Do- Im- brine Do- Im- total 

mestic ported? mestic ported? mestic ported? mestic ported? 

Distributors: 

Agricultural distribution 5159 249 10 97 72 122 33 (7) 469 115 584 

Grocery wholesalers 

and/or retailers 514,54 611 2) 190 40 ~ 129 (?) — 930 40 970 

Institutional wholesalers 

and end users 58,70 26 — 22 4 27 1 (°) 77 5 82 

Water-conditioning 

distribution 7399 275 — - 310 155 196 31 4 785 185 970 

U.S. Government resale 9199 6 — 2 — 1 — — 9 — 9 

Other wholesalers 

and/or 

retailers 5251 755 _6 240 48 740 4 () 1,735 58 1,793 

Total! 1,922 16 861 319 1,215 69 4 4,005 403 4,408 

Other n.e.s.‘ 112 _10 199 31 1,056 191 967 2,334 232 2,566 

Grand total! 4,013 511 3,121 623 15,208 2,097 18,236 40,578 3,230 43,808 

'1Data may not add to totals shown because of independent rounding. Because data includes salt imported, produced and/or sold from inventory from regional distribution centers, salt sold or used by type may 

differ from totals shown in tables 1, 4, 5, and 6, which are derived from plant reports at salt production locations. Data may differ from totals shown in table 8 because of changes in inventory and/or in- 

complete data reporting. 

2Imported for distribution by U.S. producers only; included in totals in tables 11, 12, and 13. 

3Less than 1/2 unit. 

‘Includes exports. 

| TABLE 8 

DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND 

ROCK SALT! IN THE UNITED STATES, BY DESTINATION 

(Thousand short tons) 

1988 1989 

i, Evaporated Evaporated 

Destination _—————— ——___—_—_ 

Vacuum pans Rock Total Vacuum pans Rock Total 
Solar Solar 

and open pans and open pans 

Alabama 55 (7) 363 418 57 (7) 355 412 

Alaska 1 W — 1 1 WwW () 1 

Arizona 8 74 W 82 9 72 13 94 

Arkansas 33 WwW 86 119 36 W 97 133 

California 162 894 W 1,056 169 981 WwW 1,150 

Colorado 21 121 73 215 20 91 81 192 

Connecticut 11 11 225 247 11 9 165 185 

Delaware 17 12 21 50 2 17 6 25 

District of Columbia 1 (7) W 1 1 5 W 6 

Florida 97 51 28 176 101 64 31 196 

Georgia 80 30 92 202 233 35 83 351 

Hawaii W WwW — 0 18 3 — 21 

Idaho 6 71 W 77 8 60 W 68 

Illinois 378 91 1,453 1,922 391 82 1,464 1,937 

Indiana 161 45 737 943 176 48 792 1,016 

See footnotes at end of table. 
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TABLE 8—Continued 

DISTRIBUTION OF DOMESTIC AND IMPORTED EVAPORATED AND 
ROCK SALT" IN THE UNITED STATES, BY DESTINATION 

(Thousand short tons) | 

gg SSsS—~—S—SSSS ggg 
. Evaporated Evaporated 

Destination ‘Vacuum pans StS Rock Total ‘Vacuum pans St Rock Total 
and open pans Solar and open pans Solar 

Iowa 166 44 249 459 172 46 305 523 
Kansas 95 11 315 421 98 6 394 498 

7 Kentucky 40 Ww 393 433 «52 Ww 393 445 
Louisiana 37 WwW 357 414 52 WwW 344 396 
Maine | 6 54 116 176 132 3 248 383 
Maryland 57 94 165 316 63 101 295 459 | 
Massachusetts 39 37 508 584 38 6 323 367 
Michigan 236 21 1,330 | 1,587 246 25 1,355 1,626 
Minnesota 173 129 420 722 157 118 548 823 
Mississippi 22 (7) 128 150 28 (7) 143 171 . 
Missouri 116 22 415 553 127 17 360 504 
Montana 2 46 W 48 1 31 W 32 

| Nebraska 90 4 152 246 91 22 147 260 
Nevada 1 192 WwW 193 1 222 W 223 
New Hampshire 2 27 96 125 3 3 136 142 
New Jersey 127 166 270 563 122 121 299 542 
New Mexico 6 W 2 8 6 97 1 104 
New York 266 75 2,172 2,513 249 61 2,345 2,655 
North Carolina 173 100 53 326 263 105 . 51 419 
North Dakota 38 14 5 57 20 15 4 39 
Ohio 347 29 1,787 2,163 347 28 1,778 2,153 
Oklahoma 42 WwW 80 122 42 WwW 72 114 
Oregon 12 64 — 76 13 46 (7) 59 
Pennsylvania _ 152 111 1,078 1,341 192 185 1,258 1,635 
Rhode Island 6 23 11 40 6 2 68 76 
South Carolina 46 12 1] 69 50 9 11 70 
South Dakota 42 36 40 118 36 25 41 102 
Tennessee 67 () 629 696 75 1 632 708 
Texas 180 98 229 507 178 120 219 517 
Utah 5 289 W 294 4 259 WwW 263 
Vermont 5 WwW 190 195 6 WwW 265 271 
Virginia 71 49 154 274 82 60 212 354 
Washington 18 278 (7) 296 18 230 (7) 248 
West Virginia 12 WwW 178 190 12 WwW 157 169 
Wisconsin 231 55 939 1,225 227 65 919 1,211 
Wyoming 1 33 1 35 (?) 23 1 24 
Other? 56 303 489 848 83 139 536 758 

Total’ 4,036 3,816 16,040 23,892 4,525 3,658 16,947 25,130 
W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ 
‘Each salt type includes domestic and imported quantities. Brine is excluded because brine usually is not shipped out of State. 
2Less than 1/2 unit. 

*Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some shipments to unspecified destinations, and shipments to States indicated by symbol W. 
“Data may not add to totals. shown because of independent rounding. Because data include salt imported, purchased and/or sold from inventory from regional distribution centers, evaporated and rock salt 
distributed by State may differ from totals shown in tables 1, 4, 5, and 6, which are derived from plant reports at salt production locations. Data may differ from totals shown in table 7 because of changes in 
inventory and/or incomplete data reporting. 
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TABLE 9 | . Vacuum Pan.—The mechanical evapora- 

AVERAGE VALUES! OF SALT, BY PRODUCT FORM AND TYPE _| tion of salt by the vacuum pan Proce he 
Doll hy | } dependent on the number and size of the 

(Dollars per short ton) vacuum crystallizers operating in series. 

Tr Rated capacities are usually easier to 

| and open ‘pans Solar Rock Brine | establish because of the proven design per- 

$$$ anc 1988 : formance of the equipment. 

Bulk 43.22 14.86 12.69 3.581 7. o. - . 
Compressed pellets 101.09 73.02 XX Xx Brine.—Brine capacities are difficult to 

—— derive because they are based on the 
Packaged 116.39 46.48 50.03 XX  aeqege Lt gs 

— —— a ——— —— | variabilities of the injection rate of the sol- 
Average? 97.71 26.59 . 14.46 3.58 eae 

$< vent and the solubility rates of the 
Pressed blocks 73.41 68.05 77.71 XX . . 

089 —— — — ——= | underground salt bodies. Both determine 

Buk = © 43.39 14.78 14.49 5.67 the quantity of brine produced. In addition, 

—— production levels are dependent on the de- 
Compressed pellets 104.51 71.21 XX XX d for th ducts that the brine is b 

Packaged : 109.44 52.57 55.42 xx | Mand for the products that the brine Is be- 
ny ee aA a7 ee a ae -- | ing used to manufacture. Therefore, in- 

___ Average? 92.73 27.88 16.38 5.67 dividual d bri 

Pressed blocks 76.80 74.38 81.69 xx | dividual company an¢ country brine 
ee ccc spplicable. capacities are not included in tables 15 and 

INet selling value, f.0.b. plant, excluding container costs. - bulk , a st packazed salt F 17, expect in cases where capacities were 

2Salt value. data previous] re an aggregate value per ton of bulk, compress ets, and pac salt. For time series : . 4 ° 

continuity, an average ‘of these three types of product forms is presented, which is based on the segregated values and quantities of the derived from actual published brine 

product form for each type of salt shown in table 4. statistics and the assumption made that 

: brine capacity was equal to brine produc- 

TABLE 10 | tion. Table 16 lists the quantity, type, and | — 

source of the salt required to manufacture 

U.S. EXPORTS OF SALT, BY COUNTRY’ chlorine. The amount of brine purchased 

(Thousand short tons and thousand dollars) or used captively is close with the quanti- 

. | | ty of brine used for chloralkali production 

| 1988 | 1989 as noted in table 7. 

Country Quantity Value Quantity Value Country capacities in table 17 may in- 

Argentina 2 17 _ — | clude data on solution-mined brine. or 

Australia. ~OCOC=stC‘Cs~Sstststs™s~s~S~™S 2 18 3 132 | naturally occurring brine, which were in- 

Bahamas Sst=<CS~Sst‘S~*~*~*~*~*~ 1 41 6 962 | corporated with other salt production 

| Bahrain 7 74° 10 " - 45g | Statistics. 

Belize ] 2) 3 1 20 . a 
Bolivia — — 10 115 | Brazil 

| Brazil : 2 17 (7) 8 The Government announced plans to 

Canada 717 _ 8,469 1,367 14,465 | construct a 138,000-ton-per-year chlorine 

Chile (7) 2 1 6 | facility in Sergipe that will use rock salt 

Costa Rica 2 27 (7) 11 | from nearby deposits. The plant was 

Denmark : 1 9 — — | scheduled to come on-stream in the early 

Dominican Republic 7 58 3. 152 | 199Q’s. 

El Salvador 5 39 3 160 

France 4 30 3 61 | Netherlands 

Comaty. Fete eee ‘ - ° “ Akzo NV, the world’s largest producer 

sronduras of salt, will spend $50 million to moder- 
Japan 3 124 8 184 _ . . 

Sn nize its salt processing plant in Hengelo. 
Mexico 41 646 66 1,178 . . 

a The project, scheduled to commence in 
Netherlands Antilles 3 47 1 64 . . 

ne 1990 and be completed in 1992, will feature 

Panama 2 118 ° 72 | new automated control equipment 
Saudi Arabia | 48 606 43 2,072 quipmen". 
Taiwan "14 117 1 19 | ——————_ 

Trinidad 1 7 ) 133 | OUTLOOK 

United Arab Emirates 1 11 3 102.0 §$ —————————  eeefef 

United Kingdom () 71 4 331 ; 

Venezuela 6 54 1 25 The environmental concerns raised dur- 

Other 26 210 11 479 | ing 1989 will continue into the 1990's. 

Total 884 10,856 1.567 50.211 | Greater emphasis will be placed in stricter 
’ ? > : . 

Revised. —— ) air and water quality controls. The 

Beer oe ne, Schedule B export code no. was 4209500. In 1989, it was changed to Harmonized Tariff System code No. 2501000000. deterioration of the ozone layer because of 

Source: Bureau of the Census. the breakdown of CFC molecules in the up- 
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7 TABLE 11 of certain underground salt formations in 

U.S. IMPORTS FOR CONSUMPTION OF SALT south-central Kansas, which led to con- | tamination of fresh water wells and salini- 
| (Thousand short tons and thousand dollars) | ty increases in rivers. Other releases have 

been attributed to runoff from highway 
Salt in brine! In bags, sacks, barrels, bulk deicing and discharges from water soften- 

t in brine or other packages ing units. Objective scientific investigations 
rs Ty Quantity Vale | regarding the source of salt discharges can ti Val t Val uanti Val 5 ____ Quantity Value Quantity Value Quantity Value alleviate most of the public’s concern about 

es AT 8H 1388 61,682 water quality without having to reduce sales 
860 O88 6595 76,505 | of water conditioning salt, which is used 
1987 1 67 44 5,122 *5,671 61,747 | to regenerate ion exchange water softening 
1988 2 125 78 6,682 5,394 70,550 | units, and highway salt. 
I  —— 

e . 1989 (4) (4) | (4) (4) 6,084 74,474 The salt industry has been responsive to 
~ | 1Anhydrous salt content. | the public’s awareness of the corrosion pro- *Less than 1/2 unit. | . . . blems associated with highway deicing. *Data was adjusted to correct for erroneous notation of shipment from Italy in August. . . 

“Included in bulk because categories were merged under Harmonized Tariff System code No. 2501000000 in 1989. Before 1989, salt im- Five of the major salt p roducers have ports were listed under TSUS code Nos. 4209200 for salt in brine, 4209400 for bulk salt, and 4209600 for other salt. developed corrosion inhibitors that, when 
Source: Bureau of the Census. added to rock salt, will reduce the cor- 

| rosive action to bridges and roads using 
regular rock salt during the winter. 

TABLE 12 Although calcium magnesium acetate 
U.S. IMPORTS FOR CONSUMPTION OF SALT, BY COUNTRY! (CMA) is a non-corrosive deicer, it is very 

expensive when compared with regular 
(Thousand short tons and thousand dollars) rock salt or the corrosion inhibitor-treated 

salt. The outlook for these treated-salt pro- 
TT ——— 

e e eo C 1988 1989 | ducts is very favorable, especially in areas 
oun rr — , try Quantity Value Quantity Value | Of the country that want to regulate the use 

Bahamas? s—“‘éOOSO*™*é*#*~*~#é;«MW8”~#«<S«B85~)~C*«‘é*S GOT 97.405 of deicing salt. a , , Between 1970 and 1989, world salt pro- 
Canadat 2,659 33,221 2,260 29,501 | duction has increased about 1.3% per year, 
Chile 348 3,083 335 3,320 | while the United States had a -1% per year 
France? 7 497 243 579 | rate of decline in production and -0.7% per 
German Democratic Republic 83 306 107 343 | year decline in consumption. The negative 
Germany, Federal Republic of* 5 563 90 927 | growth rate for the United States was for 

Ireland ~ _ 34 246 | total salt. It should be ncted that the dry 
Italy 58 894 39 424 | Salt component (vacuum pan, solar, and 
Korea Republic of 25 180 25 180 | Fock) grew at about 0.5% per year. Pro- Mexico5 1,139 16,332 1,502 17,227 duction and consumption of brine declin- 
a ed since 1970, causing the growth rate for Netherlands 341 8,198 459 10,233 . . . Netherlands Audis 300 3 168 9 i gi7 | ee commodity to decline proportionally. —A , , Brine consumption decreased because of 
Spam 22 252 28 102 | the demise of the synthetic soda ash in- 
Tunisia — — 60 462 | dustry, which used salt brine as feedstock. 
United Kingdom 7 — 126 1,272 | In 1970, there were eight synthetic soda ash 
Other 134 3,958 47 436 | plants in operation in the United States; 

Total 5,474 77,357 6,084 74,474 | only one was in existence by 1980. It closed et A 
‘Before 1989, salt imports were listed under TSUS code Nos. 4209200 for salt in brine, 4209400 for bulk salt, and 4209600 for other in 1986. 
salt. In 1989, it was changed to Harmonized Tariff System code No. 2501000000. In the 1980’s world production was 
7Includes salt in bags, sacks, and barrels through nine customs districts, 70,892 short tons ($3,077,427) in 1988. ? . . 
Includes salt in bags, sacks, and barrels through four customs districts, 135 short tons ($107,304) in 1988. 1.2% per year, while U.S. production 
‘Includes salt in bags, sacks, and barrels through eight customs districts, 2,918 short tons ($528,926) in 1988. declined -0.8% annually, and consumption 
“Includes salt in bags, sacks, and barrels through two customs district, 292 tons ($30,052) in 1988. . ‘ 
‘Includes salt in bags, sacks, and barrels through two customs districts, 11 tons ($10,053) in 1988. decreased about 0.5 % Pp or year. As with 

the previous assessment of the industry, Source: Bureau of the Census. f 

domestic dry salt usage grew 1.2% per year 
since 1980 while salt brine consumption 
decreased. Despite the adverse publicity in 

per atmosphere and dioxin contamination | brine and also a lot of purchased rock and | the 1980’s regarding the use of salt (i.e., 
of surface waters from chlorine-base paper | solar salt. Discharges of salt into ground | salt contributes to hypertension in some 
bleaching chemicals have begun to affect | water supplies will also be more thoroughly | humans, corrosion from oversalting the 
the future outlook of the chlorine industry, | studied. Some releases are of natural highways, high sodium levels in drinking 
which uses a tremendous amount of salt | origin, such as the dissolution and collapse | water), the dry salt industry has managed 
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TABLE 13 The outlook for salt in the 1990's is op- 

U.S. IMPORTS FOR CONSUMPTION OF SALT, timistic. The major producers have diver- 
BY CUSTOMS DISTRICT? sified into all types of salt across the Nation 

and have developed reliable import sources 
(Thousand short tons and thousand dollars) in Canada, the Caribbean, and Mexico. 

Consolidations and restructuring within the 

: 1988 1989 U.S. salt industry have strengthened it in- 
Customs district ——_—_—__——— ——______—————_ | to acompetitive North American enterprise 

fo Quantity Value Quantity «Value | in the Western Hemisphere. Domestic salt 

_ | Anchorage, AK (?) 159 12 475 | consumption is forecast to grow about 
| Baltimore, MD 278 2,473 304 3,418 | 1.3% to 1995. 

Boston, MA 216 3,248 202 2,271 

Buffalo, NY 100 987 32 837 || lr - —"™™”” 

| Chicago, IL 388 5,321 453 6,160 | BACKGROUND | 
Charleston, SC 79 3,115 122 2,428 | OO 

Cleveland, OH 29 449 85 938 . ; 

Dallas Fort Worth, TX. _ _ @) 299 Salt has been an important commodity 

Detroit, MI t—~™S 683 9,574 769 10,625 | throughout history. Its presence has deter- 
Duluth, MN. 107 1.174 97 1.120 mined the location of cities, migration of 

$$ populations, and routes of trade caravans. 

Great Falls, MT () 7 @) 19 | One of the earliest accounts of using salt 

Houston, TX — () 24 | in political-economic societies was traced 
Laredo, TX 1 77 (?) 49 | to about 2000 B.C. in China where 

Los Angeles, CA 126 1,959 97 2,050 | Emperor Yu decreed that Shandong Pro- 

Miami, FL 2 117 () 92 | vince would supply the court with salt. The 

Milwaukee, WI 642 9,607 540 6,909 | Phoenicians (1200 B.C.-300 B.C.) were one 

Minneapolis, MN t—~wtS _ _ (2) 6 | of the first maritime civilizations to trade 

New Orleans, LA t—~S~S 63 653 157 1,756 | Salt. Salt became an important universal 

New Youk,NY 408 5,046 586 4,609 medium of exchange. The English word. 

Noses AZ _ _ \ 31 “salary” is derived from the Latin term 
g > 

66 . 99 ; 

Noflk VA 133 1.20 07 1468 Salarium argentum, which were the salt 

$$ ° rations that Roman soldiers were partially 

Ogdensburg, NY 31 460 B 668 paid for their services. Aside from its use 

Pembina, ND 1 35 () 15 | as a medium of monetary exchange, salt 

Philadelphia, PA 129 1,410 263 2,657 | has also been used to signify hospitality. 

Portland, ME 432 6,031 368 4,459 | The custom of presenting newlyweds wine, 

Portland, OR 290 4,775 449 4,216 | bread, and salt shows salt as a lifegiving 

Providence, RI 177 1,651 63 416 | and sustaining substance. In many areas of 

St. Albans, VT t—t~™S 1 nN 1 63 | the world, it is still the custom for the host 

St.Louis, MO }|©=——~ _ _ 40 219 | to offer bread and salt upon entering the 

San Diego, CAOSO™~™S 2) 7 2) ) home. The custom is also practiced “out 

San Francisco, CASS ?) 268 44 378 of this world“‘—it has been a tradition that 

Sanju. PR 30 355 16 368 all U.S.S.R. staffed spaceflights carry aloft 

$$ ___—_—— bread and salt and leave them behind on 

Savannah, GA 359 5,116 309 5,505 | the orbiting space station as presents for 

Seattle, WAC 435 6,786 585 6,425 | the next visiting crew. 
Tampa, FL 104 1,474 123 1,051 The first production of salt in the United 

Washington, DC (?) 1 — — | States was in 1614 by the Virginia colonists 

Wilmington, NC 220 3,915 165 2,378 | who evaporated seawater. The practice of 

Total3 5,474 77,357 6,084 74,474 | extracting salt from subsurface brine was 

‘Before 1989, salt imports were listed under TSUS code Nos. 4209200 for salt in brine, 4209400 for bulk salt, and 4209600 for other first employed in the United States at Onon- 

salt. In 1989, it was changed to Harmonized Tariff System code No. 2502000000. daga, NY, in 1788. In 1862, the first rock 

2Less than 1/2 unit. . . . 

3Data may not add to totals shown because of independent rounding. salt mine in Nort h America began 

Source: Bureau of the Census. operating at Avery Island, LA. Solution 

mining of salt began in about 1882 and con- 
sisted of drilling a small diameter well 

to strengthen its position by developing sen- | which is the trade association for the ma- | down to a salt bed, pumping freshwater 

sible salting policies for deicing salt and | jority of the producers, and the U.S. salt | down to dissolve the salt, and pumping the 

working cooperatively with the food pro- | industry have worked closely and effective- | resultant brine to the surface for subsequent 

cessing industry to address the salt in | ly with salt consumers and the public to | evaporation. In 1887, the vacuum pan was 

human nutrition issue. The Salt Institute, | educate and promote the benefits of salt. | invented, which incorporated a vacuum 
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TABLE 14 during evaporation to allow the water to 

SALT: WORLD PRODUCTION, BY COUNTRY! boil from the brine at a lower temperature. 
This technological achievement reduced 

(Thousand short tons) fuel consumption below that of direct- 
$$ $$ SSS | heated units. 

Country? 1985 1986 1987 1988 1989° 

Afghanistan’ 11 11 11 39 39 | Definitions, Grades, and Specifications 

————— 80 8 S e 8 ®0 Technically, salt is a generic term that 
geria 185. 209 220 220 220 . 

SOIL Pr Sane i : ' describes compounds formed by the par- 
Angola 55 61 66 77 77 . 

SS tial or complete replacement of the 
Argentinas — hydronium ion of an acid by a metal or 
Rock salt I I 1 I | | metallic radical. Water and salts are the end 

_Other salt 1,595 1,342 1,048 1,372 1,210 | products from the chemical reaction bet- 
Australia (marine salt and brine salt) 6,432 6,758 7,150 7,690 8,100 | ween acids and bases. Through time, 

Austria: __ however, “‘salt” has become synonymous 
Rock salt 1 2 2 1 1 | with sodium chloride (common salt) and 
Evaporated salt 483 536 534 455 440 | will be considered equivalent throughout 
Salt in brine 980 "937 198 282 270 | this chapter. 

Bahamas “937 991 811 679 3946 Naturally occurring sodium chloride is 

Bangladesh* 539 “550 459 451 440 | mineralogically known as halite. Pure salt 
Benin® (5) (5) (5) (5) (5) | contains 39.3% sodium and 60.7% chlorine 

Brazil: by weight. Halite deposits usually contain 

Rock salt 1,053 661 1,047 1,473 1,420 | between 1% and 4% impurities, mainly 
“Marine salt 1,911 1,764 3,968 3,329 3,420 | gypsum, shale, dolomite, and quartz. Rock 
Bulgaria (i‘iéC;C;*;™~™ 98 100 101 114 110 | salt is halite that is mined underground by 
Buma®stst—<‘i™SOSOCOC~C~COCOCOCOCOOTOOOOOOS 353 °354 376 38°74 275 | conventional room-and-pillar techniques. 

Cambodi® #8 © 45 45 45 45 45 Evaporated salt is the term applied to fine 
CanadaSs”=*~—“—SsSsSsSTTC*«‘*d‘;*;«SLT=«=«dd389°—=«11165 11,781 12,279 | Crystals of salt obtained by evaporating 
Chile = © 831 —«'1,138 954 1,149 1,100 | Drines, either natural or manufactured from 
Chin®SSSOSC~C~SCSOSSSS:~C*«S'S92S«19,070 19,800 24,250 30,850 | SOMUHON mining, in large, vacuum-enclosed 
Colombia or open steam-heated kettles. Solar 

SSF Sa aE evaporated salt is the product harv 
Rock salt 260 250 226 230 239 from shallow ponds after the brine has been 

_Marine salt 345 >> 2 496 921 930 exposed to solar and wind evaporation. 
Costa Rica (marine salt) 0 33 33 14 300 300 The physical characteristics of salt varies 
Cuba 244 293 255 222 220 | with the type of production process. Salt 
Cyprus i 7 — (*) — | specifications from vacuum pan operations 
Czechoslovakia 385 373 99 97 97 | are the same because the process is similar 
Denmark 586 622 585 714 717 | throughout the country. Rock salt, however, 
Dominican Republic 52 “60 “61 19 22 | can vary in color and composition with 
Egypt 1,170 91,400 1,115 1,017 990 | locality, and these characteristics influence 
El Salvador “3 3 3 4 3 | the specification of the final product. Some 
Ethiopia:° “ impurities must be removed by chemical 

Rock salt 17 17 17 17 11 | treatment or filtration to meet specifica- 
Marine salt 130 130 130 130 110 | tions for certain end uses. 

France: There are various standards issued by 
“Rock salt 407 425 1,627 °1,650 1,650 | different organizations that apply to salt. 

“Brinesat 1,272 1,240 = °1,180 += °1,200~—«:1, 200 | These standards may vary, depending on 
“Marine salt = ss—S 1,569 1,775 1,795 1,820 ~—:1, 930 | the intended end use. For example, salt for 
“Saltinsolution ———Sssss=~=<“<—~*sé‘“—s~s~s~*s~S«SGBSs«36B_°4,040 © 4,050 4,080 | huMan consumption requires different 
German Democratic Republic: ——~—~S~S specifications than those of salt for deic- 

“Rocksal® = | 3,395 3,390 3,300 +~=«3,300:~S«3,300 | 88 highways. 
Marine salt 64 65 65 66 64 

Germany, Federal Republic of: Marketable: Products for Trade and Industry 

Rock salt and other? 10,642 13,777 14,178 “14,330 13,780 Salt for human consumption is packag- 
Marine salt? "3,777 666 666 “667 660 | ed in different sized containers for several 

Ghana® 55 55 55 55 55 | specialized purposes. Table salt can con- 
Greeceet—(‘iOCOO;*;*;*”C! 3915 210 210 210 210 | tain 0.01% potassium iodide as an additive 
Guatemala oo © 19 43 Al 46 59 | that provides a source of iodine that is 

Seefoomotesatendofuble~=~CS*~*=“‘—‘—sSs*~sCsSsSsSSSSSSSSSSSOSSOSSSOO «| ential to the oxidation processes in the 
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TABLE 14—Continued body. Kosher salt, seasalt, condiment salt, 

SALT: WORLD PRODUCTION, BY COUNTRY! | and salt tablets are special varieties of salt. 
Water conditioning and animal feedstock 

(Thousand short tons) salt are made into 50-pound pressed 
$$ eSeSsSsSSssSssSSssSSSSssSsssSsssSSssssssssse | dblocks. Sulfur, iodine, trace elements, and 

Country? 1985 1986 1987 _:1988°__—-1989" | vitamins are occasionally added to salt 
Honduras° | 35 35 35 35 35 | blocks to provide missing nutrients not 
Iceland” 3] 2 2 2 2 | found naturally in the diet of certain 

India: livestock. Salt is also compressed into 

Rock salt® 4 2 2 "4 4 | pellets and used for water conditioning. | 
Marine salt | 10,885 11,151 10,913 10,141 9,900 

Indonesia® 660 660 660 660 660 | Geology-Resources 
e 10 3 

eS ie m™ m m m™ The definitions of reserves and reserve 
aq 80 80 80 80 110 . . . 

ily. Survey Circular 831, Principles of a 

Rock salt and brine salt 3,501 3,784 4,072 4,069 4,079 eecourcels eserve Classification for 
_Marine sate) “628 ‘635 "630 "750 735 The oceans are the world’s largest 

Jamaica _ 14 7 17 “11 | resource of salt. Seawater contains 3.5% 
| Japan 7,00 1,510 1,540 1,502 1,490 | dissolved solids by weight with sodium 

Jordan 35 °35 20 °20 20 | chloride representing the major compo- 
Kenya (crude) | ‘73, -**100 79 104 = *114 | nent, approximately 2.5% by weight. The 
Korea, North’ 630 630 630 630 630 | world’s oceans contain about 44 x 1015 
Korea, Republic of | 709 804 732 1,124 1,100 | tons of sodium chloride, which is 
Kuwait 23 31 39 “40 40 | equivalent to 4.5 million cubic miles in 
Laos” 11 33 33 33 33 | volume or a cube measuring 165 miles on 
Lebanon 6 "3 i) "3 3 | edge. 

Leeward and Windward Islands 55 55 55 55 55 Domestic salt resources are found main- 
Libya® : 13 13 13 13 13 | ly in four large depositional basins, cover- 
Madagascar® i tti(i‘s™SCS 33 33 33 33 33 | ing an area totaling about 0.5 million 
Mali® ©... 5 5 5 5 5 | Square miles in 18 States. These basins are 

| Malta‘ (3) (5) (3) (5) (5) | C1) the gulf coast, which covers part of 
Mauritania®ssSsté=<“‘i‘=~S*s*s*s*~s~*s*S*S:::::COOSCSOSOSS 6 6 6 6 6 | Florida, Alabama, Mississippi, Arkansas, 
Mauritius’. 7 7 7 7 7 | eastern Texas, and all of Louisiana; (2) the 

Mexioo 7,129 6,840 7,047 7,924 +8.435 | Permian, which is in part of New Mexico, | — 
Monsola®’ 18 1 18 18 18 Colorado, Kansas, Oklahoma, and West- 

g | . 
Morocco 102 106 119 146 145 | et Texas; (3) the Salina, covering part of 
Mozambiqu® SOO 30 30 30 30 39 | New York, Pennsylvania, West Virginia, 

oe Ohio, and Michigan; and (4) the Williston, 
Namibia (marine salt) 169 148 138 138 140 | encompassing part of North and South 
Netherlands 4,579 4,148 4,386 4,071 4,080 | Dakota, Montana, and Wyoming. The gulf 
Netherlands Antilles’ 390 390 390 390 390 | coast and Permian basins extend into 
New Zealand 57 — “70 "70 70 | Mexico; the Salina and Williston both 
Nicaraguay VY 17 17 17 17 | extend into Canada. The identified salt 
Niger® 3 3 3 3 3 | resources of the United States are 
Pakistan:* estimated at 61 x 10! tons and are being 

Rock salt 643 635 554 554 550 | depleted at the rate of about 39 million tons 
Other salt 296 267 277 293 300 | annually. At the present level of produc- 

Panama (refined salt) 18 11 “11 “11 11 | tion, the United States has enough salt to 

Peru 226 440 490 “390 390 | mine for more than 1.6 million years. 
Philippines 464 866 492 542 550 | Solar evaporation of coastal seawater 

Poland: . would extend this rate virtually forever. 

Rock salt 1,323 1,346 1,357 °1,320 1,320 Salt can be geologically classified by its 

Other salt 4,040 4,630 5,442 °4 960 4.960 | Occurrence as evaporite deposits and in 

Potugl: #88 solutions. 

Rock salt “512 506 566 “550 550 

Marine salt® 3936 220 220 220 720 Evaporite Deposits. —Bedded, diapiric 

Romania 5,532 5,903 5,947 °5,950 5,500 | flow, and playa salts are the major types 
ee 176 160 "110 83 110 of dry salt deposits. Bedded salt deposits 

See footnotes atendoftable. =~=~CS~*é“‘“‘S~S*”S”SS”S”™*~C~CsC~CsCstCtSSSSSSSSS:C*«dE were formed by the accumulation of 
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TABLE 14—Continued precipitated salts on the seafloor of ancient 

SALT: WORLD PRODUCTION, BY COUNTRY’ __| landlocked marine bodies of water. Exten- 
) sive and widespread evaporation was essen- 

| | | (Thousand short tons) tial to form these massive rock salt 

, | | _ | deposits, some of which measure up to 

Country? -4985~=—Ss«1986~=Ss«é987~—Ss«s988P~— 199° | 3,000 feet in thickness. = 
Sierra Leone® 50 390 220 220 20 Salt domes form when vertical or lateral 

Somalia’ — 33 33 33 33 33 | Pressures are applied to stratified salt 
Sf 309 778 748 163 deposits in which low-density salt will flow 

South Africa, Republic of Africa, Republic of : 796 plastically through the surrounding rocks 
Spams . of higher density. The salt domes of 

Rock salt _ 2,381 2,316 2,481 2,300 2,300 | Romania, the Federal Republic of 
_ Marine salt and other evaporated salt 1,190 1,102 1,041 “1,100 1,100 | Germany, and the gulf coast of the United 

Sri Lanka ) 85 115 127 118 110 | States are examples of diapiric salt flows. 

Sudan — «42 “44 57 °55 3100 | The appearance is usually cylindrical with 
Switzerland . 412 429 - 430 34] 3968 circular or elliptical diameters. A cap rock 

Syria £100 ©100 39 140 1 43 | Of anhydrite is common with overlying 
Talwan 206 150 110 123 i95 | layers of gypsum and calcite. Oil, gas, and 

a sulfur are associated with many domes and 
Tanzania 23 24 45 22 22 |. ; . | 
Thala represent large mineral resources. There 

a , are 329 proven salt domes in the gulf 
Rock salt | 4 2 4 6 17 | coastal province and offshore regions of the 
Other salt | 180 180 180 180 _—«*180'| United States. Louisiana has 183 domes 

Tunisia __ | | 421 457 468 535 530 | onshore and offshore; Texas, 83; Mississip- 
Turkey oe . | ~ 1,311 1,292 1,342 “1,490 1,490 pi, 61; and Alabama, 2. | 

Uganda®. | 6 6 «6 6 6 Playas are flat, vegetation-free floors of 
U.S.S.R. Ce 17,747 16,865 16,976 16,314 16,300 | an undrained desert basin that may occa- 

United Kingdom: — | | sionally be covered by water. Post evapora- 
Rock salt 2,238 2,249 ~=—-2,045 967 1,100 | tion minerals such as sodium carbonate, 

Brine salt!2_ ; 471,664 «1,713,572 1,320 | Sodium wate, sodum con’. borates. 
Other salt}? a 3.998 «3,643. «4,048 =~ «4,219 ~—« 3,970 | Mltrates, phosphates, anc potash result trom | - 

oo the leaching of the rocks surrounding the 
United States including Puerto Rico (sold or . . . | | 
“used by producers): : - basin by water flowing into the playa. 

“Rock salt = —s—s—<—s~sts‘sSS™:”:::C«d6BOs«*12,59B— 11,965 12,900 313,938 Searies fake in halifornia’ 1S a classic ox 
Other salt: | | P & Pisy 

., OE 3 . ° United States 24,377 24,065 24,528 25,428 324,918 Salt in Solution.—Ocean, lake, and 

_Puerto Rico 35 40 40 40 45 | ground water are the primary aqueous 
Venezuela’ . _ 37400 * 8565 * *550* °550 550 | mediums in which salt is dissolved. 
Vietnam® Co | "418 500 250 330 350 | Seawater contains many dissolved 
Yemen (Aden)° , ~ 80 80 80 80 80 | minerals, the major one being sodium 

Yemen (Sanaa) - 165 330 180 165 165 | chloride. Other dissolved minerals include 
Yugoslavia: | various sulfate, magnesium, calcium, and 

Rock salt ] 164 163 169 140 13g | potassium compounds. 
Brine salt 213 311 312 221 2290 | _ Water tends to accumulate on land in 
ST To topographic depressions created by tectonic 

Mane salt 0 uplifts or subsidences of the Earth’s upper Total 190,629 192,755 196,852 202,785 209,988 | “P'S° ene TMS PPE 
————_ | crust. As mineralized solutions from 

Estimated. PPreliminary. ‘Revised. land drain into these basi 
1Table includes data available through June 13, 1990. up an sour ces Tain into ese basis, 

2Salt is produced in many other countries, but quantities are relatively insignificant and reliable production data are not available. Some solar evaporation concentrates the salts to 

salt brine production data for manufacture of chlorine, caustic soda and soda ash are not reported because of incomplete data reporting form saline lakes. The Aral Sea in the 

b ies. ° 
sReported figure. | U.S.S.R., Great Salt Lake in Utah, and the 
“Year ending June 30 of that stated. Dead Sea between Jordan and Israel are ex- 
SLess than 1/2 unit. . 

‘Brine salt production as reported by the Burmese Government in short tons, was as follows: 1985—49,061; 1986— 57,413; amples of this Process. . . 

1987—70,220; 1988—73,260; and 1989—65,000 (estimated). Ground water is composed of mineraliz- 
nevised to 2270, 08s. | ed connate and meteoric water found in 
®Roc. t only for . . . . 
’Marine salt and other for 1985. permeable sedimentary formations. In 
Data are for year beginning Mar. 21 of that stated. some areas, sodium chloride-rich brines 
"Does not include production from Sardinia and Sicily, estimated at 220,000 short tons annually. migrate to the surface through intersecting 

'12Data captioned ‘‘Brine salt’’ for the United Kingdom are the quantities of salt obtained from the evaporation of brines; that captioned oe . . 

‘‘Other salt’ are the salt content of brines used for purposes other than production of salt by evaporation. fractur es and joints in the rock Strata to 

: | | form local salt springs. 
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TABLE 15 | Technology 

U.S. SALT ANNUAL PRODUCTION CAPACITIES IN 1989 . ; 
Exploration.—Exploring for new salt 

(Thousand short tons) deposits is based on examination of various 
geochemical and. geophysical information. 

Type of salt Analysis of the underlying strata by core 
Company Plant Rock Solar. «| W8™™ Toa drilling, oil and water well logs, or other 

pan techniques is the basis for establishing the 
Akzo Salt Inc.! Avery Island, LA 2,400 — — 2,400 | size of the deposit. Usually the most 

Do. St. Clair, MI — — 395 395 | favorable areas for mine development will 
Do. Manistee, MI — = 325 325 | be located near the market regions and con- 
Do. Retsof, NY 4,000 — — 4,000 | venient transportation routes. 
Do. Watkins Glen, NY _ _— 335 335 The development of mines incorporates 
Do ..©)—... Akron, OH _ _ 300 300 | strict safety precautions while permitting 

- Do. Cleveland, OH 2,300 _ _ 2,300 | for the maximum economic recovery of 
Do Lakepoint, UT _ 150 _ 150 | Salt. During shaft sinking, water-bearing 

American SaltCo.~—~~—iLyons, KS 250 — 300 550 | Strata may be encountered, and waterproof- 
— po —~—~”~«*GYranntsville, UT _ 300 _ 309 | ing techniques must be employed to pre- 
Carey SaltCo.. Hutchinson, KS 300 _ 25 525 | Vent mine flooding. At least two access 

CargillInc. ~—~—~SSs«Hutchinson, KS — = 250 250 | Shafts are constructed in room-and-pillar 
ee ¥ mines to provide adequate safety and 

Do. Breaux Bridge, LA — — 150 150 ventilation. 

Do. Lansing, NY 1,300 — — 1,300 

Do Wartiins Glen, NY 7— = 280 290 | Mining.—Rock Salt.—Rock salt is min- 
— Do Amboy, CA _ p a > | ed by the room-and-pillar method, which 
— Do Napa, CA — 2 — 279 | is similar to that used in coal and trona 
_ Do —C~—=é“NN@'waarr, CA — 730 150 900 mining. The salt is drilled, cut, blasted, 
_ Do Cs«éRedwovoodd City, CA — 350 — 350 | mucked, crushed, and transported to the 
Domtar Industries Inc. ss Baldwin, LA 1,700 — — 1,700 | surface for processing, which usually in- 
Great Salt Lake Minerals and volves removing the impurities and screen- 
Chemicals Corp. Ogden, UT — 1,500 — 1,900] ing the material to finer size fractions. 
Huck SaltCo. ‘Fallon, NV 15 — — 15 | Underground mining practices of bedded 
Independent SaltCo. —s‘Kanopolis, KS 400 — — 400 | rock salt and domal salt formations are 
Moab Salt Inc. SS Mott, UT — 1D — 73 | similar except for the height differences 
Morton International Inc.®» ss Glendale, AZ — 100 — 100 | within the mines of the two types of opera- 

Do. Hutchinson, KS _ — 350 350 | tions. For example, bedded formations 
Do. Weeks, LA 1,500 —- 125 1,625 | usually are laterally extensive but are 
Do. Manistee, MI — — 360 360 | vertically restricted. Salt domes are lateral- 
Do. Silver Springs, NY — — 275 275 | ly restrictive but are vertically extensive. 
Do. Fairport, OH 2,000 — — 2,000 | Many salt domes have depths in excess of 
Do. Rittman, OH — — 600 600 | 20,000 feet, yet many outcrop at the sur- 

Do. Grand Saline, TX 400 — 100 500 | face. Most gulf coast salt mining operations 
Do. Salt Lake City, UT — 200 _ 200 | are generally less than 1,000 feet below the 

New Mexico Saltand surface. Working at deeper depths is dif- 
Mineral Corp. Carlsbad, NM — 30 — 30 | ficult because of higher temperatures and 

Pacific Salt and Chemical Co. Trona, CA — 175 — 175 | denser rock. 

Redmond Clay and Salt Co. Inc. Redmond, UT 80 — — 80 

Salt Products Co. Milligan, CA — 10 — 10 Solar Evaporation.—Solar evaporation 
United Salt Corp. Carlsbad, NM — 250 — 250 | is an effective method of producing solar 

Do. Hockley, TX 150 _ _ 150 | Salt in areas of high evaporation and low 

“Do. ~~. Houston, TX _ _ 125 125 | precipitation. Along coastal margins in 
Western SaltCo. ~—~—CChulia Vista, CA — 125 _ 125 | Many parts of the world, seawater is col- 
Williams Brine Service ~~ Carlsbad, NM — 10 — 10 | lected and allowed to evaporate in special- 
Toa 16,795 4,375 4,615 25,785 | ly constructed evaporating ponds. Saline 

Brine producers? a rn = - = SO ed lakewater is also processed using this 
SEP SuNENT EPUINSEE ERLE ——_ —— — = — | method. The ponds are separated by levees 

et SSE that isolate the brine during different stages 
2Formerly Morton Thiokol Inc. of fractional crystallization. 
“Includes brine for sale and for captive use. Brine production capacity is assumed to be equal to the quantity of annual brine production, The initial step concentrates the brine to 

as shown in tables 2 and 3. Brine producers include those chloralkali manufacturers that purchase brine or use captive brine, as listed in increase the s alini ty and allow many 

Note.—Cargill’s Freedom, OK, solar plant; Akzo’s Williston, ND, vacuum pan plant; and Morton’s Trona, CA, solar plant have been closed. | calcium, magnesium, and iron compounds 
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TABLE 16 

U.S. CHLORINE FACILITIES THAT REQUIRE SALT! 

(Thousand short tons) 

Annual chlorine Salt Source of 
Company | Location production requirements? salt 

Capacity requirements 
Akzo Chemicals Inc. Lemoyne, AL 74 129 Purchased. 
Atochem North America‘ Portland, OR 150 263 Imported. 

Do. Tacoma, WA 91 159 Do. 
Brunswick Pulp and Paper Co. Brunswick, GA 36 63 Do. 
Dow Chemical USA Freeport, TX5 2,856 4,998 Captive brine. 

Do. Pittsburgh, CA 199 348 Purchased. 
Do. Plaquemine, LA 997 1,745 — Captive brine. 

E.I. DuPont de Nemours & Co. Inc. Niagara Falls, NY 84 147 Purchased. 
Formosa Plastics Corp USA Baton Rouge, LA 200 350 Purchased brine. 
Fort Howard Corp. Green Bay, WI 9 16 Imported. 

Do. Muskogee, OK 9 16 Purchased. 
General Electric Co. Burkville, AL 27 47 Do. 

Do. | Mt. Vernon, IN 70 123 Do. 
Georgia Gulf Corp. Plaquemine, LA 452 791 Purchased brine. | 
Georgia Pacific Corp. Bellingham, WA 91 159 Purchased. 
BF Goodrich Group Calvert City, KY 128 224 Do. 
LaRoche Chemicals Gramercy, LA 219 — —- 383 Captive brine. 
LCP Chemicals & Plastics Inc. Acme, NC 53 93 Imported. 

Do. Brunswick, GA 108 189 Do. 
Do. Moundsville, WV 91 159 Captive brine. 
Do. Orrington, ME 80 140 Imported. 

Niachlor (DuPontOlin) Niagara Falls, NY 240 420 Purchased brine. 
Occidental Chemical Corp. Convent, LA 296 518 Do. 

Do. Corpus Christi, TX 460 805 Do. 
Do. Deer Park, TX 383 | 670 Do. 
Do. Delaware City, DE 139 243 Imported. 
Do. | LaPorte, TX 515 901 Purchased brine. 
Do. Muscle Shoals, AL 146 255 Purchased. 
Do. Niagara Falls, NY 350 613 Purchased brine. 
Do. Tacoma, WA 237 415 Imported. 
Do. Taft, LA 611 1,069 Purchased brine. 

Olin Corp. Augusta, GA 115 201 Purchased. | 
Do. Charleston, TN 256 " 448 Do. 
Do. McIntosh, AL 365 639 Captive brine. 
Do. Niagara Falls, NY 91 159 Purchased. 

Pioneer Chlor-Alkali Co. Inc. Henderson, NV 119 208 Do. 
Do. St. Gabriel, LA 173 303 Do. 

PPG Industries Inc. Lake Charles, LA 1,150 2,012 Captive and purchased brine. 
Do. Natrium, WV 280 490 Captive brine. 

RMI Co. Ashtabula, OH 37 65 Do. 
Vulcan Chemicals Geismar, LA 246 431 Purchased brine. 

Do. Port Edwards, WI 73 128 Imported. 
Do. Wichita, KS 273 478 Captive brine. 

Weyerhaeuser Co. Longview, WA 130 228 Imported. 
Total 12,709 22,241 

‘Includes only those chlorine plants that use salt directly as a feedstock. Does not include plants that produce byproduct chlorine from magnesium chloride and hydrochloric acid oxidation or plants using 
potassium chloride. 

2Based on 365 days per year. 

3/Based on 1.75 tons of salt required to manufacture 1.0 ton of chlorine with the plant operating at 100% capacity. Salt may be from natural brines, rock, or solar sources, domestic or imported. 
“Formerly Pennwalt Corp. 

*An additional 730,000 tons are available on standby basis; included in ‘‘Total.”’ 
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TABLE 17 | to precipitate from solution. The brine is 

WORLD SALT ANNUAL PRODUCTION CAPACITY,! —_| “iculated among a network 0° intercon. 
: DECEMBER 31, 1989 | necting ponds, with salinity increasing with | 

each transfer. The brine is then treated 

(Thousand short tons) with lime to remove excess calcium sulfate 
S| and then pumped to evaporation ponds and 

| Rock Solar? Vacuum pan? Total | then transferred to harvesting ponds to per- 

North America: _ 7 | mit the salt to crystallize. After about 85%. 

"Bahamas Sstst=—<‘isSOSOSsSSSSCCWS _ 1,650 _ 1,650 | of the salt is precipitated, the remaining 

Canadast—(<s=tst‘sS~s~s~*~*~:”::”S:~CC*S HG _ 1,069 13,602 | Supernatant liquid, called ‘‘bitterns,”’ can 

“\MexiooSC=“—Cs—“CSSSSS _ 8.900 NA «9.600 | be drained to adjacent ponds for subse- 

—PurtoRicoo _ 40 _ 40 quent extraction of magnesium, potassium, | 

“United Sates ==S=*~=~=~=<“—s~*~*s*s*:C::C:::::C«CNG 795 54,375 4,615 43,969 | bromine, and sodium compounds. The 
es) oc crt ——— —~ ———— | harvesting pond is flooded again with new 

Total 25,911 14,965 4,615 68,861 . . 

$$ —————_- — ——— ——*-— | brine from the lime pond to repeat the cy- 

Caribbean: cle. It takes about 5 years once seawater 

Cuba — 300 — 300 | is first introduced into the system for the 

Dominican Republic 710 NA — 70 | completion of the crystallization process. 

Jamaica® — 20 _ 20 | The salt is harvested by special tractors 

Leeward and Windward Islands® — 60 — 60 | equipped with scrapers and ready for 

Netherlands Antilles — 400 — 400 | processing. 

Total — 70 780 — | 850 

Central Ameriey Solution Mining.—The first reported 
Costa Rica . — 30 — 30 . . os 

FH Salvaion _ 20 _ a9 | USE of solution mining was about 250 B.C. 

eee in China when holes were drilled into deep 

_ Guatemala — 70 — 90 | salt deposits. The brine was brought to the 

_Honduras - 35 — | 35 | surface by pipes made of bamboo. The 

_Nicaragua — 60 — 60 | brine was evaporated over fires fueled with 

Panama — 90 = 90 | wood, coal, or natural gas. The basis of 

Total — 285 = 285 | current technology began in France around 

South America: A.D. 858. An injection well is sunk, and 

“Argentina ss—<‘i—sSCS 1 1,000 265 1,400 | pressurized freshwater is introduced to 

“Bolivia. St(<—s=Sst‘sSsSSSS _ 20 _ 59 | hydraulically fracture the bedded salt. 

“Bail ~—C—CS~S~SCSs 1,500 4,000 100 5,600 Once communication with the production 

Chie 1,650 _ _ 1,650 well is established, the brine is pumped to 

—conba CC 450 1,000 _ 1,450 the surface for treatment. — 

oo Roof collapse of the overlying strata and 
Peru 150 400 _ 550 ° . 

Nee ee EEE surface subsidence are potential problems 

_Venezuela __ 350 —__ ___>°9 | associated with solution mining; however, 

_ Tot 8 6,970 __365 _11,220 | producers have taken precautions to 

Europe, Western: minimize these hazards. One method that 

Austria 1 — 550 g00 | had been used was injecting air with the 

Belgium — — — 500 | water inte the salt caverns. The air formed 

Denmark _ _ _ 600 | a protective cover between the water and 

"France... 914,600 1,900 1,150 11,450 | the top of the cavity that reduced the 

~ Germany, Federal Republic of —*8, 000 _ 925 14,425 | amount of dissolution of the roof. 

Greece — 200 — 200 
— I ” 

<a _—_—— Z 7 2 Beneficiation.—Rock Salt.—About 
reland 275 — — 275 . 

io 1,550 1000 s cay | 08% of total rock salt produced and im- 
la —_ “ay — (1 ported is for highway deicing. Crushing 

a and screening to the proper physical size 

_Netherlands _ — NA 4,400 | is usually the only processing that road salt 

_Portugal 125 NA — 650 | undergoes. In many operations, these steps 

Spain 71,700 1,650 NA 3,370 | are done underground in the mine to 

Switzerland — — — 440 | minimize haulage and storage costs. In ad- 

Turkey 100 1,050 — 1,400 | dition, the extremely fine fraction, which 

United Kingdom 52,810 — 132,670 11,875 | often is unusable, remains underground 

Total 16,591 6,350 6,295 56,017 | rather than on the surface, which would 

See footnotes at end of table. represent a waste product to be disposed. 
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TABLE 17—Continued 7 Solar Salt.—After harvesting, the salt 

WORLD SALT ANNUAL PRODUCTION CAPACITY, ' | ctystals are washed with dilute brine to 
remove residual bitterns and impurities. | DECEMBER 31, 1989 ‘ ; : The salt is transferred to processing 

| (Thousand short tons) facilities where it is washed with saline 
a SSSSSSSSSS}s rater, dried for about 8 minutes at approx- 

Rock Solar? Vacuum pan? Total* | imately 300° F, and screened into fine to CN 

° e Europe, Eastern: | coarse sizes, depending on the end use of 
Albania — — — 80 | the salt to be sold. Most operations ship 
Bulgaria _ _ _ 100 | solar salt in bags and in bulk, using barges, 
Czechoslovakia | _ _ _ 350 | truck, and rail transportation. 

German Democratic Republic 53,500 — — 3,600 . . ; “Poland SSSSSt*é~<CSSS—CéC SO _ _ 4,000 | Mechanical Evaporation.—Salt obtain- 
Romania s—<CstsSSCS~*S 2,000 _ _ | 6,000 | © by dehydr, ating brine using heat alone 
USSR 510,100 2,000 1,760 20,609 | OF in combination with a vacuum is 

aaa vacuum pan salt. The vacuum pan process _ Yugoslavia ___ 300 __ 110 _ = ___70 nergy by utilizing multiple 
Total “17,550 2,110 1,760 35,430 | Conserves energy Sy utllizing multip —_ J. = —_——_—- —— ——=— | effect evaporators connected to vacuum 

| Africas pumps. A saturated salt solution will boil 
Algeria — 200 — 200 | at a higher temperature than pure water. 
Angola — 50 — 50 | When a vacuum is applied, the brine boils 
Benin | | = (11) — (") | at a lower temperature, enabling the 
Egypt | — 1,500 — 1,500 | superheated vapor that is generated to act 

_ Ethiopia 20 150 — 170 | as the heating medium for the next 
Ghana - — 55 55 | evaporator. | 
Kenya — 60 _ | 60 The grainer or open pan process uses 

| Libya ome 15 — 15 | Open, rectangular pans with steam-heated 
| Madagascar = st—=<“C=i‘S*~*~*~*~*~™S _ 35 _ 35 | immersion coils to evaporate the water in g : 20 €VAPO Mali _ 5 _ 5 | the brine. Rotating rakes scrape the salt 

Mauritania | _ 6 _ 6 | precipitate into a sump or up a ramp, 
Mauritius ; 7 _ 7 | depending on the method, and onto con- 
“Morocco... 1,100 30 _ 1,130 | Veyors for debrining and drying treatment. 

Mozambique _ 35 _ 35 | The final product is usually flake shaped 
Wc rather than the typical cubic form. Flake Namibia — 200 — 200 . . aaa salt is preferred for production of cheese, Niger — 3 — 3 SS | | butter, and baked goods. — Senegal | : — 170 — 170 The Alb . “fj Sierra Leone _ _ _ 320 he erger process is a modi ed 

Somia 35 35 | Stainer operation that produces cubic salt 
Somalia ~ — with some flake salt. The pans are shallow, 

_South Africa, Republic of ~ 900 — ne circular units with external heating units, 
Sudan - a _ 80 | rather than heating coils. The open pan 

_Tanzamia — 30 — 30 | process cannot be operated successfully in 
Tunisia — 500 — 500 | regions with high humidities because the 
Uganda — 6 — 6 | evaporation rate is too slow and more 
Zambia | — — — (15) | energy is required to evaporate the brine. 

Total 1,120 3,937 55 5,412 
Middle East: _ — — Desalination.—The conversion of saline 
Cyprus sss=—=<CSsti‘SSSSSSS _ 30 _ 39 | water into freshwater has important 

“Wag _ 100 _ 109 | Municipal, industrial, and agricultural ap- 
s.r plications. Aside from obtaining pure Iran 70 500 — 570 . . Teal ooo 300 50 a59 | Water, desalination also produces 

Se 7 . byproduct salt. There are four processes 
Jordan - 60 — ” presently employed in water desalinization 

_Kuwatt _ ~ °25 25 | and each has different cost and energy fac- 
_lebanon — 10 — 10 | tors. The processes are distillation, mem- 

Saudi Arabia — — — () | brane,freezing, and ion exchange. Some 
Syria 125 — — 125 | salt from these processes is used by the 
Yemen (Aden) ~ 80 — 80 | chemical industry. In some regions, salt is 
Yemen (Sanaa) 100 — = 100 | returned to the saline water source. 

Total 295 980 75 1,350 | Seawater typically contains 3.5% to 4.5% 
See footnotes at end of table. salt, or 35,000 to 45,000 parts per million. 
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TABLE 17—Continued Economic Factors 

WORLD SALT ANNUAL PRODUCTION CAPACITY,’ Energy and labor costs are important fac- 

DECEMBER 31, 1989 tors that affect production costs, and 

(Thousand short tons) ultimately the selling price, for all types of 

| salt. After the salt is produced, shipping 
a 

Rock Solar? Vacuum pan? Totalt | Costs become very important when attemp- 

Asia: $$ —<_<_0«60.8° | ting to sell to a customer that is in prox- 

Afghanistan SSCS 20 _ _ 29 | imity to other salt producers. Industry 

Sunsdesh 600 609 | Sources indicate that within the United 

>. 400 States, a 300-mile radius is an effective 

— _ ~ — 3.000 limit of competition for a producing loca- 

| Chima 8,000 25,000 ~ 33, tion before the influence of other com- 

india 6 14,000 — 14,006 | petitors is noticed. Some of the major U.S. 
_Indonesia — 1,000 — 1,000 | producers also have foreign subsidiaries 

Japan — 1,600 — 1,600 | that produce salt, which is imported at 

Kampuchea — 45 — 45 | prices favorable to many consumers 

Korea, North — — — 700 | because transportation costs are less. 

| Korea, Republic of — 900 — 900 Capital investment and energy costs are 

Laos 35 — a 35 | important factors that influence the selling 

Pakistan 600 NA _ 1,000 | price of the type of salt produced. Vacuum 

Philippines — 600 — 600 | pan and open pan processing requires more 

Silanka _ 140 _ 149 | equipment and energy than solution min- 

Tawa _ 620 _ 629 | ing, and consequently, the average value of 

oo evaporated salt is considerably higher than 

| __ Vietnam — 500 — 500 " 

Total 8,673 45,193 — 55,366 . 
—_——— 5 —— —— == Prices.—The four types of salt that are 

Oceamtas | produced each have unique production, 

Australia 8,600 — 8,600 | processing, and packaging factors that 

New Zealand = 100 = 100 | determine the selling prices. Generally, salt 

Total — 8,700 — 8,700 | sold in bulk is less expensive that salt that 

World total | 73,961 90,270 14,234 243,491 | has been packaged, pelletized, or pressed. 

NA Not available, although production is known to occur. Salt in brine is the least expensive salt sold 
\Capacities were derived from industry sources, published reports, and estimates based on production trends. Salt brine capacities are not because costs are less. Vacuum pan salt is 

meaningful because they vary with production levels of brine feedstock to chemical plants. Therefore, salt brine capacities are not includ- ° 

ed in the list, except for certain countries that incorporate brine statistics with other types of salt. In these exceptions, brine capacities are the most expensive because of the energy 

assumed to be equal to the quantity of brine produced in 1988. costs involved in processing. Table 19 lists 

“Also known as marine salt. the historical values of the different types 
3Some countries report ‘‘refined salt,’’ which may or may not be vacuum pan salt, but washed or screened rock or solar salt. Efforts f sal : 1970 The data ed 

were made to categorize refined salt into the appropriate type of salt. 0 . salt since . e are compar 

4May include brine or salt from undisclosed sources. with 1989 constant dollars to show the ef- 

5Contains salt produced as a byproduct or coproduct from potash mining. Additional salt may be recovered but discharged as a waste product. ‘ ‘ ; _ 

Contains salt produced as a byproduct or coproduct from sulfur mining. fect of inflation and general economic Con 

7Contains salt produced as a byproduct or coproduct from gypsum mining. ditions on the values. 

8Salt is imported, washed, repackaged, and exported. 

*Byproduct salt from potash mining is 8.5 million tons, of which only about 880,000 tons are sold and the remainder discharged. ° . . 

Recovered from geothermal brines. Tariff: s .—The United States ; impo rts 

‘Less than 1/2 unit. about four to six times the quantity of salt 
!2Byproduct salt from potash mining is 2.65 million tons, of which only about 500,000 tons are sold and the remainder discharged. ‘ ; _ 

13Includes about 220,000 tons of sea salt recovered using open pan process. that It €Xpo rts. Impo rts from countries hav 

14From evaporating brine from salt springs or wells over wood fires. ing most favored nation (MEN) status enter 

15Plants from brine marshes are washed to obtain a salt solution, which is heated in containers to recover salt. duty free. However, salt imported from 

‘6From mechanical evaporation of seawater at petrochemical complex. : 

17§alt is obtained from several seawater desalination plants but amount of recovery is uncertain. non-MFN countries have a 26 Zo ad 

valorum tax imposed. 

Operating Factors 

The standard for drinking water in the | compounds can be produced from the bit- 

United States is 500 parts per million. terns. Subterranean brines also contain Environmental Requirements.—The en- 

borax, calcium chloride, sodium car- | vironmental problems associated with salt 

Byproducts and Coproducts bonate, and sodium sulfate in addition to | mining are few and tend to be localized 

the above. Certain potash operations in the | without major impacts on the environment. 

Salt is a coproduct from various seawater | world also produce salt as a coproduct. | A major concern in solution mining is the 

and saline lake operations. Depending on | When discharged to tailing ponds as a | potential of land subsidence. As the salt is 

the cost of recovery and processing, cer- | byproduct of potash mining, salt is often | dissolved, some roof collapse may occur, 

tain magnesium, potassium, and bromine | harvested and sold by second parties. causing sections of the surface to partially 
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TABLE 18 

U.S. SALT SUPPLY-DEMAND RELATIONSHIPS 

(Thousand short tons) 

I
 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 gg 
um s/ EE 

WORLD PRODUCTION 

, Production: 

United States 46,764 44,700 44,010 44,298 46,423 41,710 43,801 42,922 42,878 46,317 
Rest of world® 114,317 114,407 117,340 126,185 136,813 136,497 133,304 130,185 142,584 144,790 

Total® 161,081 159,107 161,350 170,483 183,236 178,207 177,105 173,107 185,462 191,107 I SEEM HUT 185,462 191,107 
COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Components of U.S. supply 

Domestic sources 46,764 44,700 44,010 44,298 46,423 41,710 43,801 42,922 42,878 46,317 
Sold or used! 45,896 44,077 45,022 43,910 46,536 41,030 44,191 43,412 42,869 45,793 
Imports 3,536 3,855 3,463 3,207 3,358 3,215 4,352 4,529 5,380 5,275 
Industry stocks, Jan. 12 — — — — — — — — — — 

Total U.S. supply 49,432 47,932 48,485 47,117 49,894 44,245 48,543 47,941 48,249 51,068 
Distribution of U.S. supply 

Industry stocks, Dec. 312 — — — — — — — — — — 
Exports 423 670 869 609 521 1,332 1,007 1,008 716 697 
Industrial demand 49,009 47,262 47,616 46,508 49,373 42,913 47,536 46,933 47,473 50,371 

TT gg 
FT ANID 40,995 47,473 50,371 

U.S. DEMAND PATTERN? | 

Agriculture 1,925 1,941 1,963 ~ 2,083 1,983 1,862 1,925 1,825 1,851 1,917 
Alkalies and chlorine : 27,918 26,075 26,725 28,344 28,600 24,154 25,970 25,111 24,511 26,962 
Deicing 10,092 9,859 11,248 7,306 9,111 8,840 10,193 10,416 10,690 11,138 
Food products 2,562 2,942 2,953 2,951 2,970 2,734 2,766 2,756 2,815 2,526 
Metal production 260 182 227 228 252 265 342 351 346 356 
Other chemicals 1,409 1,286 1,063 1,402 1,734 1,021 1,158 1,122 1,159 1,222 
Paper products 380 279 201 — 209 165 172 213 222 221 194 
Petroleum 214 164 202 215 242 261 312 361 451 ~ §50 
Textiles and dyeing 197 193 207 201 205 180 204 196 182 188 
Water treatment 908 790 842 816 1,029 905 720 812 890 958 
Other‘ 2,779 3,070 2,833 2,917 3,328 3,254 3,655 3,620 3,504 3,528 
Undistributed5 365 481 -848 -164 -246 -735 78 141 853 832 

Total U.S. primary demand 49,009 47,262 47,616 46,508 49,373 42,913 47,536 46,933 47,473 50,371 
C
I
D
 

UIT 

VALUES® 

Average annual value (dollars/ton): | 

Salt in brine 3.67 3.57 3.29 3.57 3.69 3.91 3.80 3.91 4.24 4.51 
Rock salt 6.60 6.41 _ 6.19 6.19 7.14 8.94 7.82 8.94 10.10 10.00 
Solar salt 6.62 11.02 8.40 8.99 9.30 14.21 14.36 14.21 14.67 12.16 
Vacuum pan and open pan salt 25.51 26.28 26.76 29.65 34.50 43.01 50.73 52.01 58.86 61.64 

See footnotes at end of table. 
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TABLE 18—Continued 

US SALT SUPPLY-DEMAND RELATIONSHIPS 

(Thousand short tons) | 

a: TTI | 

1980 | 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION 

Production: 

United States 41,483 38,899 37,665 32,973 39,181 39,217 37,282 36,943 39,170 39,278 

Rest of world” : 144,673 150,054 143,406 142,126 151,077 151,412 155,473 159,909 163,615 170,710 

Total® 186,156 188,953 181,071 175,099 190,258 190,629 192,755 196,852 202,785 209,988 

Components of U.S. supply . 

Domestic sources 41,483 © 38,899 37,665 32,973 39,181 39,217 37,282 36,943 39,170 39,278 

Sold or used! | 40,352 38,907 37,894 34,573 39,225 40,067 36,663 36,493 38,940 38,856 

Imports 5,263 4,319 5,451 5,997 7,545 6,207 6,665 5,716 5,474 6,084 

Industry stocks, Jan. 1? — = — — — — -— — — le 

Total U.S. supply 45,615 43,226 43,345 40,570 46,770 46,274 43,328 42,209 44,414 44,940 

Distribution of U.S. supply | 

Industry stocks, Dec. 31? — — —_— — — — — — — — 

Exports 831 1,046 1,001 517 820 904 1,165 541 884 1,567 

Industrial demand 44,784 42,180 42,344 40,053 45,950 45,370 42,163 41,668 43,530 43,373 

U.S. DEMAND PATTERN? | 

Agriculture 1,834 1,788 1,566 1,605 1,722 1,718 1,651 1,755 1,827 1,925 

Alkalies and chlorine | 24,744 22,722 19,151 20,240 20,142 20,436 18,983 17,955 19,968 | 18,780 

| Deicing 7,476 8,257 10,839 6,889 10,721 11,180 10,541 9,878 11,125 = 11,461 

Food products 2,368 2,203 2,352 2,292 2,175 2,109 2,171 2,328 2,287 2,374 

Metal production 272 294 294 242 326 382 304 311 374 400 

Other chemicals 1,020 1,133 865 952 1,258 768 818 760 766 1,177 | 

Paper products 230 247 209 274 337 311 307 387 376 . 373 

Petroleum | 709 837 1,035 918 870 965 627 597 819 720 

Textiles and dyeing 177 220 165 171 191 186 226 ~ 237 229 234 

Water treatment 865 1,006 806 795 1,948 1,441 1,553 1,455 1,514 1,487 | 

Other* 3,275 3,754 3,954 4,049 4,188 3,382 3,063 4,074 3,805 4,875 

Undistributed> 1,814 -281 1,108 1,626 2,072 2,492 1,919 1,931 440 -433 

Total U.S. primary demand 44,784 42,180 42,344 40,053 45,950 45,370 42,163 41,668 43,530 43,373 

A 
Average annual value (dollars/ton): 

Salt in brine 650 591 621 522 505 614 515 493 358 567 

Rock salt 1465 1376 1389 1343 1378 1515 1451 1434 1446 1638 

Solar salt 1565 1835 1789 2147 1967 2310 2376 2540 2659 2788 

Vacuum pan and open pan salt 7644 7968 8672 8739 9278 9266 9127 9421 9771 9273 

“Estimated. 
'Represents that amount sold or used captively within the industry, from the quantity produced and any sold from inventory. Accurate data on beginning and yearend inventories of salt are unavailable and 

often are underreported because of additional storage underground at mines, warehouses, terminals, etc. However, about 2.5 million tons are estimated to be stored annually nationwide. 

2The total quantities of salt in inventory are underreported and are excluded in determining the supply-demand balance relationship for salt. However, the difference between production and sold or used is 

assumed to be because of changes in inventory. 

3Includes imports for consumption. 
‘Includes salt used in rubber; tanning; other industrial; institutional wholesales and/or retailers; U.S. Government resale; other wholesalers; some exports for consumption in overseas territories administered by 

the United States; and other various minor uses. 
SRepresents the difference between the quantity reported to the Bureau of Mines and total U.S. primary demand. The amount of discrepancy is attributed to variances in inventory and import statistics. 

éValues are based on the average of all salt producers’ valuations reported for bulk, f.0.b. plant, and includes all processing costs, depreciation of equipment, taxes, and profit. 

Source: U.S. Bureau of Mines. 
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_ FIGURE 2 or totally fill the cavity. Subsidence is un- 
U.S. SALT SOLD OR USED, BY TYPE ___ | Predictable, and once the process begins, | 

: it must be allowed to finish and reach 9 | equilibrium. Another issue pertaining to | | | solution mining is the potential problem of \ _Total , well casing leakage. Any excursion of salt @ 4op—— N|| rine could affect groundwater supplies, c | which are protected by various State and 2 | 
_ | Federal water quality regulations. Solar § sop || evaporation facilities may substantially 2 | disturb coastal marsh areas because of the ” Toten eee TTT Brine es large extent of the lagoons needed for effi- 

5 20 ee cient operation. 
= Rock a Tere S | Employment.—According to the Bureau 10 

of Mines salt survey, 4,284 people were | 
employed in the mining and processing of j.---Wacuum pan SolarM salt in 1988. The quantity employed by type 0 TT 
of eau and by gine opie gotivity was 
as follows: rock salt, 1,021 in the mine an 1970 978 1980 1985 1989 278 in the mill; solar salt, 105 in harvesting 

| and 610 in the processing plant; vacuum 
pan salt, 2,197 in the processing plant; and 
salt brine, 54 in solution mining and 19 in 
the processing plant. 

TABLE 19 

TIME-VALUE RELATIONSHIPS FOR VARIOUS TYPES OF SALT" 

(Average annual value and 1989 constant dollars,” dollars per short ton) 

4, 
Vacuum pan and Salt in brine Rock salt Solar salt 
open pan salt 

Year Annual Based on Annual Based on Annual Based on Annual Based on value constant value constant value constant value constant 1989 dollars 1989 dollars 1989 dollars 1989 dollars 
1970 3.67 11.04 6.60 19.85 6.62 19.91 25.51 76.71 1971 3.57 10.16 6.41 18.23 11.02 31.46 26.28 74.76 1972 3.29 8.94 6.19 16.81 8.40 22.82 26.76 72.68 1973 3.57 9.11 6.19 15.79 8.99 22.94 29.65 75.65 1974 3.69 8.63 7.14 16.70 9.30 21.75 34.50 80.69 1975 3.91 8.33 8.94 19.04 14.21 30.27 43.01 91.60 1976 3.80 7.61 7.82 15.65 14.36 28.74 50.73 101.54 1977 3.91 7.34 8.94 16.78 14.21 26.67 32.01 97.61 1978 4.24 7.43 10.10 17.67 14.67 25.66 58.86 102.96 1979 4.51 7.25 10.00 16.07 12.16 19.54 61.64 99.05 1980 6.50 9.58 14.65 21.59 15.65 23.06 76.44 112.65 1981 5.91 7.94 13.76 18.49 18.35 24.66 79.68 107.06 1982 6.21 7.84 13.89 17.54 17.89 22.60 86.72 109.53 1983 5.22 6.35 13.43 16.33 21.47 26.10 87.39 106.23 1984 5.05 5.92 13.78 16.16 19.67 23.07 92.78 108.80 1985 6.14 6.99 15.15 17.25 23.10 26.31 92.66 105.53 1986 5.15 5.72 14.51 16.10 23.76 26.37 91.27 101.30 1987 4.93 5.30 14.34 15.43 25.40 27.33 94.21 101.35 1988 3.58 3.73 14.46 15.06 26.59 27.69 97.71 101.74 1989 5.67 5.67 16.38 16.38 27.88 27.88 92.73 92.73 "Values are based on the average of all salt producers’ valuations reported to the Bureau of Mines of the finished salt in bulk, compressed pellets, and packaged, f.o.b. plant, and includes all processing costs, depreciation of equipment, taxes, and profit. 

From final 1989 implicit price deflators for gross national product, by the Council of Economic Advisors. Based on 1982 = 100. 
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TABLE 20 Transportation.—The locations of the 

SPECIFICATIONS APPLYING TO THE SALT INDUSTRY salt supplies often are not in proximity of 
the consumers location, and transportation 

. . 

Hype 
can become an important cost. Pumping 

specification Title Designation Jurisdiction salt brine through pipelines is an economic 

Analysis Standard Methods f ASTME-534-81! American Society means of transportation, but ot be used 
e S for - 1¢ 

° 

Chemical Analysis of for Testing and for dry salt. Large bulk shipments of dry 

Sodium Chloride Materials. salt in ocean freighters or river barges are 

Food? Sodium Chloride FCC Il Food Chemicals Food and Nutrition low in cost, but are restricted in points of 
Codex, 3rd Edition Board, National origin and consumption. River and lake 

| Academy of Sciences. | movement of salt in winter is often 

Highway Standard Specification ASTM-D-632-89 American Society severely curtained because of frozen 

for Sodium Chloride for Testing and waterways. As salt is packaged, handled, 

Materials. ____|_ and shipped in smaller units, the costs are 

Do. do. AASHTO-M-143-86 Amencen Highway increased and are reflected in higher selling 

. Transportation Prices. . 
Officials. Ocean borne imports of salt have been 

Medical? Official Monograph on _—Uniited States United States increasing in some areas of the United 

Sodium Chloride Pharmacopeia XXI, Pharmacopeia States because they are less expensive with 

1985, 21st Revision Convention, Inc. | respect to transportation costs than what 

Packaging Salt Packages ANSI/Z353. 1-19834 American National could be purchased from many domestic 

Standards Institute Inc. | suppliers using rail transportation. Salt 

Do. Federal Specification- UU-S-48F5 General Services continued to be one of the most heavily 

______ Sacks, Shipping, Paper CA minustration. __| traded chemical industry ores in the world, 

Reagent Sodium Chloride Reagent Chemicals American Chemical representing about 66% of world seaborne 

7th Edition, 1986 Society. | mineral trade. | 

Soil Stabilization Standard Test Methods ASTM-D-1411-82 American Society for 

for Water-Soluble Testing and Materials. 

Chlorides Present as OTHER SOURCES OF INFORMATION |— 
Admixes in Graded 

Aggregate Road Mixes 
. oo. 

Table salt? Proposed Federal SS-S-31K U.S. Army Natick Bureau of Mines Publications 
Specification- Laboratories. Salt. Ch. in Mineral Commodity Summaries. 

Salt, Table Directory of Companies Producing Salt in the 

Water Federal Specification A-A-694 General Services United States, in annual Mineral Industry 

Commericial Item Administration. Surveys. 

Description Sodium 
Chloride, Technical 

(Water Conditioning 
Other Sources 

Grade) 
Canadian Minerals Yearbook, Chapter on 

Grate) 
Do. AWWA Standard for ANSI/AWWA-B200-88 American Water Salt, annual. 

Sodium Chloride Works Association. The Chlorine Institute. 

1E-534-75 is an analytical standard that is necessary for a meaningful salt specification. Handbook of World Salt Resources. Stanley 

2Input regarding food and table salt specification is necessary to maintain quality products in these areas. J. Lefond, 1969, 384 pp. 

3Work has been done with medical salt standards to obtain reasonable specifications. The Salt Institute 

‘The ANSI Packaging Standard is a voluntary standard for primary salt containers, secondary containers, and pelletized shipping units. . er 

SUU-S-48F gives Federal Sack Specifications. An effort has been made in this area to obtain a reasonable standard. Sodium Chloride. 

Source: Salt Institute. 
Solution Mining Research Institute. 
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By Valentin V. Tepordei 

Mr. Tepordei, a geological engineer with more than 20 years industry experience, has been the construction sand and gravel commodity specialist with the Bureau of Mines since 1979. Domestic survey data were prepared by Olga E. Valdes, 
mineral data assistant. 

total of 897 million short tons | and gravel was implemented by the Bu- | standard, based on “emerging develop- 
of construction sand and | reau of Mines in 1989, providing for the | ments in this area.” 
gravel was estimated to have | first time production estimates by quar- On August 29, 1989, the Mine Safety , 
been produced in the United | ters for each State and the nine geo- | and Health Administration (MSHA) 

States in 1989, a 2.8% decrease com- graphic regions. The results of this survey | published a new proposed rule that 
pared with that of 1988. This tonnage | are published each quarter in a separate | revises MSHA’s existing standards for represents the fourth consecutive year of | publication, the Quarterly Mineral In- | air quality and chemical substances at 
production over 880 million tons, indi- dustry Survey. Both sample surveys can- | coal and metal nonmetal mines. The 
cating a continuation of the strong de- | vass most of the large companies in each | proposed rule contains permissible ex- 
mand for construction aggregates. _ | State, accounting for up to 80% of each posure limits for substances that may 

Foreign trade of construction sand and | State’s total tonnage. pose health hazards at these opera- 
gravel remained relatively minor. Exports | tions. In addition, the proposed rule 
increased 16.6% to 1.1 million tons, —__________________________} contains revised requirements for expo- 
while value increased 23% to $13.6 LEGISLATION AND sure monitoring, carcinogens, and res- 
million. Imports increased 21.7% to GOVERNMENT PROGRAMS | Piratory protection programs. The 
427,000 tons, while the value increased | —— SEY Original deadline for receiving com- 
109% to $6.6 million. Domestic appar- ments about the proposed ruling was 
ent consumption of construction sand On January 13, 1989, OSHA an- | November 27, 1989, and was extended 
and gravel was 897 million tons. nounced the final promulgation of ex- | to March 2, 1990. 

The new regulatory requirements be- | posure limits for 400 air contaminants, On July 21, 1989, OSHA announced 
ing proposed by the Occupational Safety | establishing a permissible exposure | another extension, through November 
and Health Administration (OSHA) re- | limit (PEL) of 0.1 milligrams per cubic | 30, 1990, of the stay for the new provi- 
garding its revised asbestos standards | meter (mg/m *) for crystalline silica, | sions of its revised asbestos standards 
governing occupational exposure to non- | measured as respirable silica.' Despite governing occupational exposure to 
asbestiform varieties of actinolite, trem- | this ruling, some statements in the pre- | nonasbestiform varieties of AT&A min- 
olite, and anthophyllite (AT&A) miner- | amble indicate that OSHA may in the | erals. The revised asbestos exposure stan- als, and the final promulgation of the | future consider the need to lower the | dards were originally published by 
permissible exposure limit for crystalline 
silica, measured as respirable silica, con- 
stu major areas of concern for the TABLE 1 
industry. 

° SALIENT U.S. CONSTRUCTION SAND AND GRAVEL STATISTICS! 
SE EgEE EES (Thousand short tons and thousand dollars) 
DOMESTIC DATA 

COVERAGE 1985 1986 1987 1988 1989 
Sold or used: 

Domestic. production data for con- | Construction sand and 
struction sand and gravel are developed Saves . . by the Bureau of Mines from voluntary Quantity 800,100 883,000 896,200 923,400 £897,300 
surveys of U.S. producers. Fullsurveysof | ___Value $2,438,000 $2,747,200 °$3,002,500 $3,126,000 _*3,249,100 
construction sand and gravel producers | Exports: 
are conducted for even-numbered years Quantity 1,513 1,166 1,137 965 1,125 
only. For odd-numbered years, a prelim- Value $8,935 $7,838 $10,533 $11,048 $13,591 
inary survey that collects production in- Imports for consumption: 
formation on a sample basis is used to Quantity 246 205 283 351 427 generate only annual estimates for each Value —s—~—<—SsSCSC«SSSSTN.-~*«*SUSND.—~S~*~*«SS*BCT.~~*«*SSSIS:«S~C«‘(O 
State. In addition, a new quarterly sam- ‘Estimated. 2222S 
ple survey for crushed stone and sand | 'Puerto Rico excluded from all sand and gravel statistics. 
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OSHA on June 20, 1986. The former | definition of asbestos and its asbestos | total, followed by the Mountain with 

asbestos standard remains in effect for | standard,” and found that “the regula- | 121 million tons, or 13.5% of the total. 

the extent of the stay. Based on OSHA’s | tion will result in economic impacts on | Compared with 1988, production in- 

Hazard Communication Standard, a | several minerals industry sectors.” | creased in three of the nine regions, the 

product is considered carcinogenic if it “The economic impact of the OSHA | largest increases being recorded in the 

contains 0.1% or more of an OSHA- | regulation is expected to be greatest on | Mountain region, 5.9%; the West 

designated carcinogen. The inclusion of | the aggregates industry. Due to product | North Central, 4.6%; and the Pacific 

nonasbestiform AT&A minerals in the | liability considerations,” it is suggested | region with only 1.1%. The production 

asbestos exposure standards effectively | that “every sand and gravel deposit in | decreased in the remaining six geo- 

designates large areas of the United | the United States would have to be | graphic regions with the major de- 

States as containing carcinogenic miner- | examined at least at the cursory level, at | creases occurring in New England, 

als. The revised OSHA regulations for | a minimum cost of $1,000 per deposit. | 26.6%; West South Central, 9.9%; and 

airborne asbestos standards, if imple- | Sales losses in the aggregates industry | Middle Atlantic, 8%. 

mented, are expected to have a signifi- | are possible and would be contingent | The estimated production by quar- 

cant impact on the aggregates and the | on the availability and cost of material | ters for 1989 indicated that most of the 

construction industries that could in- | that is essentially free of AT&A, and | construction sand and gravel in the 

clude increased mining and construction | the liability concerns associated with | United States was produced in the third 

costs and disruption of the supply of | using products containing AT&A.” quarter of 1989, followed by the second 

aggregates in most areas. In the concluding section of the | quarter and the fourth quarter. Esti- 

In 1989, MSHA established a new | study, “it is recommended that OSHA | mated production by each quarter of 

program to combat illegal mining. The | not regulate AT&A as asbestos unless | 1989 was also available for most of the 

program will be enforced through an | medical data conclusively show that | States. | 

Illegal Mining Task Force, as well as | these minerals present a health risk Construction sand and gravel was pro- 

MSHA officials at the local level: MSHA | which would be reduced through regu- | duced in every State, and the 10 leading 

considers a mining site illegal when the | lations;” that “OSHA should revise its | States were, in descending order of ton- 

operator fails to register the site with the | asbestos and fiber definitions, to make | nage, California, Michigan, Ohio, Texas, 

agency. the two terms consistent from a miner- | Washington, Arizona, Minnesota, Illi- 

| alogical standpoint;” and that “OSHA | nois, New York, and Indiana. Their 

Cs Should: specifically address the eco- | combined production represented 52.9% 

ISSUES | nomic impact of its proposed regula- | of the national total. | 

_—_ _— | tion on the minerals industry and weigh Compared with 1988, production in- 

these costs against possible benefits.” | creased in only 16 States, including 4 of 

On June 20, 1986, OSHA published the top 10 States. The increases were 

a final rule titled “Occupational Expo- | — ——————_$_$_—$_$_$_ significant in Washington, 21.3%; In- 

sure to Asbestos, Tremolite, Antho- | PRODUCTION diana, 14.2%; and Illinois, 9.6%. | 

phyllite, and Actinolite; Final Rules.” |) —— Fewer acquisitions by foreign or do- 

The regulation, which was amended in mestic companies and mergers occurred 

| September 1988, established exposure The production estimates indicate | in the construction sand and gravel in- 

limits for asbestos and nonasbestiform | that in 1989 the U.S. production of | dustry in 1989. Lone Star Industries Inc., 

varieties of the amphibole minerals | construction sand and gravel was 897 | of Greenwich, CT, completed in January 

AT&A. Under OSHA regulation, all | million tons, a 2.8% decrease com- 1989 the sale of its remaining 40% inter- 

products containing a specified concen- pared with that of 1988. Of the four | est in Tarmac-Lone Star joint venture to 

tration of these minerals must be la- | major geographic regions, the West Tarmac America of Herndon, VA, a 

beled as having a constituent that is a | again led the Nation in production of | division of Tarmac PLC of Wolverhamp- 

carcinogen. construction sand and gravel with 330 | ton, United Kingdom. The original joint 

In an effort to assist OSHA in its | million tons, or 36.7% of the U.S. | venture was established in 1986. The 

decision regarding implementation of the | total, followed by the Midwest with 271 | latest transaction included remaining in- 

final asbestos standard, the Bureau of | million tons, or 30.3% of the total; the | terest in aggregates, cement, concrete, 

Mines completed in August 1989 a study | South with 188 million tons, or 20.9%; | and concrete products operations located 

entitled, “Analysis of the Cost Effective- | and the Northeast with 109 million | in North Carolina, South Carolina, and 

ness of the OSHA Regulation of Nonas- | tons, or 12.1%. Compared with 1988, | Virginia. 

bestiform Amphiboles with Respect to | production by major geographic re- Great Lakes Dredge & Dock Co. of 

Selected Sectors of the Domestic Miner- | gions decreased 16.2% in the Northeast Chicago, IL, sold 25% of its 75% 

als Industry.” The Bureau’s analysis | and 7% in the South, but increased | interest in McCormack Aggregates Co. 

questions “whether OSHA has conclu- | 2.8% in the West and only 0.1% in the | of South Amboy, NJ, to Ralph Clayton 

sively demonstrated a health risk associ- | Midwest. & Sons Materials of Lakewood, NJ. 

ated with AT&A and, consequently, that Of the nine geographic regions, the | Clayton also bought McCormack Sand 

these minerals should be regulated at all, | Pacific again led the Nation with 208 | Co.’s entire 25% stake in the company 

given that no discernible net benefits will | million tons, or 23.2% of the U.S. | and changed its name to Amboy Ag- 

result.” The study has also “identified a | total. Next was the East North Central | gregates. McCormack, presently the 

basic inconsistency between OSHA’s | with 177 million tons, or 19.7% of the | largest offshore producer of sand and 
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FIGURE 1 

PRODUCTION OF CONSTRUCTION SAND AND GRAVEL IN THE UNITED STATES IN 1989, BY 
GEOGRAPHIC REGION , 
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TABLE 2 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES, 
BY GEOGRAPHIC REGION 

Eee 

1988 1989° 

Geographic region Chou Percent Value Percent Chowent Percent Value Percent 
of total (thousands) of total of total (thousands) of total short tons) short tons) SOT OS 

Northeast: | . 
New England 57,614 6 $202,413 7 42,300 5 $156,500 5 
Middle Atlantic 72,027 8 290,490 9 66,300 7 281,500 9 

Midwest: 

East North Central 180,681 20 528,057 17 176,700 20 545,200 17 
West North Central 90,555 10 222,723 7 94,700 11 256,800 8 

South: 

South Atlantic 82,187 9 292,308 9 76,700 9 288,500 9 
East South Central 38,216 4 118,810 4 37,600 4 125,000 4 
West South Central 81,598 9 272,842 9 73,500 8 255,700 8 

West: 

Mountain 114,635 12 377,300 12 121,400 13 443,000 13 
Pacific 205,848 22 821,055 26 208,100 23 896,900 27 

Total ! 923,400 100 3,126,000 100 897,300 100 3,249,100 100 
© Estimated. 

‘Data may not add to totals shown because of independent rounding. 
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gravel in the United States, will con- | PLC, of London, United Kingdom, the | material that is “sold or used” by the 

tinue to supply sand and gravel in | parent company of ARC Ltd. At the end | companies and is defined as such. 

Connecticut, New Jersey, and New | of 1989, Hansen PLC was in the process | Stockpiled production is not reported 

York. of selling all ARC America operations to | until it is sold to a user or consumed by 

Redland PLC of Gorby, United | Colonial Sugar Refineries (CSR) Ltd. of | the producer outside its own operation. 

Kingdom, acquired through its subsid- | Sydney, Australia, a major sugar and | Because no consumption surveys are 

iary, Western-Mobile Inc. of Denver, | building-material producer. The transac- conducted by the Bureau of Mines, the 

CO, Flatiron Sand & Gravel Co. of | tion includes American Aggregates Co. | “sold or used” tonnage is assumed to 

Boulder, CO. The transaction included | of Greenville, OH; Associated Sand and | represent the amount produced for do- 

the assets of Flatiron Sand & Gravel, | Gravel Co. of Everett, WA; and WMK | mestic consumption and export. 

Flatiron Paving, Flatiron Premix Con- | Co. of Las Vegas, NV. CSR already owns The largest use of construction sand 

crete, and Plains Aggregate Co. Red- | Rinker Materials Corp. of West Palm and gravel is as aggregate for the pro- 

land also owns in the United States | Beach, FL. duction of concrete, used in nearly all 

Genstar Stone Products Co. of Hunt | Limited information about the pro- | residential, commercial, and industrial 

Valley, MD, and Redland-Worth Corp. | duction of construction sand and gravel | buildings and in most public works 

of San Antonio, TX. in foreign countries may be found in the | projects such as highways and roads, 

CalMat Co. of Los Angeles, CA, | Bureau of Mines “Minerals Yearbook, bridges, dams, airport runways, sewer 

formed a joint venture with Owl Rock | Volume III, Area Reports: Interna- | systems, tunnels, etc. Over the past 

of Arcadia, CA, to acquire Kirst Con- | tional.” For nonreporting countries, several years this use represented about 

struction Co., the owners and operators | estimates of sand and gravel and | 28% of the total. The second largest 

of Azusa Rock of Fish Canyon, CA. crushed stone outputs can be based on | use is as base material in the construc- 

ARC America Corp., of Newport | indirect sources such as the level of | tion and repair of highways, railways, 

, Beach, CA, a subsidiary of ARC Ltd. of | cement consumption. runways, etc; it represented about 15% 

Bristol, United Kingdom, and one of the of the total. Other major uses are as 

major sand and gravel and crushed stone | ____________________ | aggregate in asphaltic concrete used for | 

producers in the United States, was ac- | CONSUMPTION AND USES paving highways, streets, and parking 

quired by Hanson Trust PLC of London, |< eeeeee lots, about 9%, and as fill in highway 

United Kingdom. The change in owner- construction, earth dams, and other 

ship followed the acquisition by Hanson Sand and gravel reported by produc- | applications where recontouring of the 

PLC of the Consolidated Gold Fields | ers to the Bureau of Mines is actually | original land surface is required, about 

TABLE 3 | 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATE IN 1989, 

BY GEOGRAPHIC REGION AND QUARTERS 

(Thousand short tons and thousand dollars) 

ae 

IF Number 

Region Quantity Value of 

ist Qtr. 2nd Qtr. 3rd Qtr. 4th Qtr. Total* total" Companies! 

Northeast: | 

New England 5,400 11,400 12,000 12,400 42,300 156,500 32 

Middle Atlantic 7,200 20,000 23,500 15,600 66,300 281,500 33 

Midwest: 

East North Central 16,000 50,900 65,000 47,300 176,700 545,200 54 

West North Central 6,100 28,800 36,400 21,500 94,700 256,800 57 

South: 

South Atlantic 16,900 18,200 21,700 20,000 76,700 288,500 55 

East South Central 7,100 9,500 10,900 9,300 37,600 125,000 30 

West South Central 15,000 17,500 20,500 21,500 73,500 255,700 31 

West: 

Mountain 26,700 33,000 40,600 31,400 121,400 443,000 44 

Pacific” 38,400 51,500 53,000 47,100 190,500 845,200 29 

Total? 138,700 240,800 283,600 226,000 4897,300 43,249,100 XX 

‘Revised. XX Not applicable. 

1 Number of companies reporting for the quarterly survey. 

2 Does not include Alaska and Hawaii. 
3Data may not add to totals shown because of independent rounding and differences between projected totals by States and by regions. 

4 Includes Alaska and Hawaii. 
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TABLE 4 7%. The above percentages were calcu- 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY lated based on the information pro- 
PRODUCERS IN THE UNITED STATES, BY STATE vided by the producers. It should be 

noted that over the past several years, 
(Thousand short tons and thousand dollars) about 39% of the total U.S. produ ction 

eT was included in “unspecified uses— 

State 8B ___—=*d'9B9" | actual and estimated” because some 
Quantity Value Quantity Value | producers reported only total produc- 

Alabama 11,742 41,417 10,400 36,500 | tion or did not report at all, and then 
Alaska 17,200 48,749 17,000 48,500 | their production was estimated. The 
Arizona 32,399 123,854 33,900 133,900 | percentage of estimated amounts for 

Arkansas 7,722 26,201 7,500 25,500 | nonrespondents decreased from 23.5% 
California 141,946 622,074 138,300 670,800 | in 1984 to 13.1% in 1988, while the 

Colorado 21,566 69,882 25,300 104,000 | percentage of production reported only 

Connecticut 8,275 32,102 5,800 24,700 | as totals increased from 16.2% in 1984 

Delaware | 1,933 5,988 1,900 6,200 | to 25.9% in 1988. 
Florida 18,654 53,083 17,900 55,500 | Sand and gravel are usually used 
Georgia 9,526 30,185 6,100 18,900 | mixed, but some uses require only sand 
Hawai t—t™ 652 3,173 600 3,200 | or only gravel. Sand is used in mortar, 
Idaho -—~CSCSTSM 6,914 19,897 5,800 18,900 | Plaster, and gunite and for snow and ice 
Ilincs 30,098 93,504 33,000 108,900 control. Gravel is used to improve or 

Indiana SO 25,923 79,985 29,600 99,200 control drainage and as covering and | 

ia —SCthswae7 namo gn | Stabilize om load-bearing surfaces such ‘ > 9 

joey "aps ve oss S00 5 100 ing areas. In 1989, only production 
oe , , , , estimates were generated for construc- 

Louisiana 14,233 52,820 13,600 54,400 | tion sand and gravel, and, therefore, no 
Maine 10,183 33,007 8,600 30,100 | information by end uses is available for 
Maryland 19,266 95,169 16,900 84,500 | this year. 

Massachusetts 22,168 79,364 13,900 | 57,000 

Michigan 53,508 138,171 48,000 132,000 | —-_ 

Minnesota 33,769 72,678 33,700 82,600 | PRICES | | 
Mississippi 13,314 38,806 15,600 51,500) 0 

Missouri 11,217 - 32,941 10,000 32,500 . 
Montana. 7,984 20,225 5,800 13,900 As a result of rising costs of labor, 

Nebraska 11,229 28,928 15,200 41,800 | Hers, and mining and processing 
Neada 15.729 50.928 30.000 70,000 equipment, the average unit value of 
a , ° ? , construction sand and gravel increased 

_ | New Hampshire 9,089 32,614 6,000 20,400 | from $1.11 per ton, f.o.b. plant, in 
New Jersey 18,318 74,183 15,200 68,400 | 1970 to $3.62 in 1989. However, the 
New Mexico 8,787 31,367 11,800 45,400 | constant dollar value fluctuated be- 
New York 33,884 124,341 31,600 118,500 | tween $2.63 and $3.06 per ton for the 

North Carolina 11,076 38,459 11,200 43,700 | same period. Increased productivity 
North Dakota 3,772 8,079 3,600 g,100 | achieved through increased use of au- 
Ohio tt” 46,104 156,318 44,400 148,700 | tomation and more efficient equipment 
Oklahoma.S~SM 9,273 22,654 8. 500 20,000 | Were mainly responsible for these 

Oregon —i«*™ 14,880 52,657 14,400 49,700 | tends. 
Pennsylvania 19,826 91,966 19,500 94,600 

Rhode Island 1,853 7,847 1,100 3,900 | pnapEeIrAl Toancr””™”~™ 

South Carolina 7,529 20,751 7,500 23,300 FOREIGN TRADE 

South Dakota 7,929 18,681 6,400 20,800 

Tennessee 6,836 23,343 6,100 21,900 The widespread distribution of do- 
Texas 50,370 171,167 43,900 155,800 | mestic sand and gravel deposits and the 
Utah 17,843 49,796 14,300 41,500 | high cost of transportation limits for- 
Vermont | 6,047 17,478 6,900 20,400 | eign trade, mostly to local transactions 
Virginia t™*” 12,551 42,573 12,900 49,700 | across international boundaries. U.S. 

Washington 31,170 94,402 37,800 124,700 | imports and exports are small, repre- 
See foomowaeddofube senting only about 1% of the domestic 

consumption. 
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a 7 TABLE 4—Continued | million. Canada was the major destina- 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY _| tion, with 85% of the total, followed by 
PRODUCERS IN THE UNITED STATES, BY STATE | Mexico with 3%. 

| | 7 (Thousand short tons and thousand dollars) Imports 

| a Imports of construction sand and 
State 1988 1989° gravel increased 21.7% to 427,000 tons 

Quantity Value Quantity Value compared with that of 1988, while the 
West Virginia 1,653 6,099 2,300 6,700 | value increased 109% to $6.6 million. 
Wisconsin. 25,048 60,080 21,700 56,400 | The Bahamas was the major source of 
Wyoming - 3,413 11,351 4,500 15,400 | Imported construction sand and gravel 

‘Total! | . 923.400 3.126.000 "897.300 3,249,100 with 54.3% of the total, followed by 

a Japan with 11.9%, and Canada and 

‘Data may not add to totals shown because of independent rounding. Nor way with 9.6% each. | 

Exports a | major destination, receiving about | CURRENT RESEARCH | 
Exports of construction sand de- | 36.3% of the total, followed by Canada | ———-——---_ 

creased 46% to 273,000 tons compared | with 22.7%. Exports of construction 

| with that of 1988, while value increased | gravel increased 85.6% to 852,000 tons, The 5-year $150 million Strategic 
21% to $5.9 million. Mexico was the | while value increased 115.7% to $7.7 | Highway Research Program (SHRP) 

oe | oo FIGURE 2 | 

PRODUCTION AND UNIT VALUE IN ACTUAL AND 1970 CONSTANT DOLLARS OF CONSTRUCTION SAND 
7 | AND GRAVEL IN THE UNITED STATES FOR 1970-89 
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- TABLES 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 1989, 
BY STATE AND QUARTERS 

(Thousand short tons and thousand dollars) 

| 1989 Number 
State Quantity Value of 

ist Qtr. 2nd Qtr. 3rd Otr. 4th Qtr. Total total Companies’ 
Alabama 2,600 - 2,600 2,800 2,400 10,400 36,500 8 

Alaska? ~ — — — 17,000 48,500 oo 

Arizona 7,600 8,700 8,400 9,200 33,900 133,900 7 

Arkansas : 1,500 1,900 2,200 1,900 7,500 25,500 5 

California 29,100 38,200 37,600 33,400 138,300 670,800 16 

Colorado 2,700 5,800 11,400 5,400 25,300 104,000 | 10 

Connecticut 1,000 1,500 1,800 1,500 5,800 24,700 8 

Delaware 400 400 600 500 1,900 6,200 5 

Florida | 4,500 4,200 4,600 4,600 17,900 55,500 9 
Georgia 1,600 1,600 1,600 1,300 6,100 18,900 9 

Hawaii? — — — — 600 3,200 — 

Idaho 3,500 3,400 2,500 1,500 | 5,800 18,900 4 

Illinois 2,800 10,400 11,100 8,700 33,000 108,900 8 

Indiana 3,000 7,800 11,200 7,600 29,600 99,200 13 

lowa 900 4,200 4,800 2,900 12,800 37,800 8 

Kansas 1,400 3,700 5,100 2,800 13,000 33,200 10 

Kentucky 600 1,500 1,900 1,500 5,500 15,100 5 

Louisiana 3,000 4,000 4,500 2,100 13,600 54,400 4 

Maine 1,300 3,100 2,200 3,200 8,600 30,100 5 

Maryland 3,500 4,400 4,800 4,200 16,900 84,500 10 

Massachusetts 2,400 4,000 3,300 4,200 13,900 57,000 7 
Michigan 3,400 14,500 18,200 . 11,900 48,000 132,000 8 

Minnesota 900 9,700 13,800 9,300 33,700 82,600 16 

Mississippi 3,000 3,900 4,300 4,400 15,600 51,500 9 
Missouri 1,300 3,200 3,500 2,000 10,000 32,500 7 

Montana — — — — 5,800 13,900 — 

Nebraska 1,000 5,400 5,900 2,900 15,200 41,800 8 

Nevada 4,700 5,100 6,000 4,200 20,000 70,000 5 

New Hampshire 100 2,100 2,300 1,500 6,000 20,400 5 

New Jersey 2,700 4,300 4,500 3,700 15,200 68,400 7 

New Mexico 2,300 2,900 3,900 2,700 11,800 45,400 5 | 
New York 3,300 9,500 12,100 6,700 31,600 118,500 12 

North Carolina 2,300 2,300 3,300 3,300 11,200 43,700 6 

North Dakota? — — = _ 3,600 8,100 _— 

Ohio 4,600 11,000 17,200 11,600 44,400 148,700 12 

Oklahoma 1,500 2,300 2,400 2,300 8,500 20,000 7 

Oregon 2,700 3,600 6,400 5,300 14,400 49,700 4 

Pennsylvania 1,100 6,200 7,400 4,800 19,500 94,600 14 

Rhode Island? — — — — 1,100 3,900 — 

South Carolina 1,700 1,300 2,500 2,000 7,500 23,300 5 

South Dakota 500 2,100 2,900 900 6,400 20,800 6 

Tennessee 1,100 1,700 2,100 1,200 6,100 21,900 8 

Texas 8,700 9,000 11,000 15,200 43,900 155,800 15 

Utah 3,500 5,700 10,100 4,600 14,300 41,500 6 

Vermont 600 1,000 2,400 2,900 6,900 20,400 5 

Virginia 2,400 3,000 3,800 3,700 12,900 49,700 7 

See footnotes at end of table. 
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| TABLE 5—Continued 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 1989, 

| BY STATE AND QUARTERS 

(Thousand short tons and thousand dollars) 

1989 Number 
State Quantity | Value of 

ist Qtr. 2nd Qtr. 3rd Qtr. 4th Qtr. Total total Companies ' 
Washington 6,300 9,700 11,500 10,300 37,800 124,700 9 

West Virginia 200 700 800 600 2,300 6,700 4 

Wisconsin 1,800 6,600 6,600 6,700 21,700 56,400 13 

Wyoming 1,000 900 1,900 700 4,500 15,400 6 

Total XX XxX XX XX 897,300 3,249,100 XX 

' Number of companies reporting for the quarterly survey. 

2 Due to a low number of reporting companies, no production estimates by quarters were generated. 

TABLE 6 

CONSTRUCTION SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES, BY MAJOR USE! 

1984 1986 1988 

uantit | uantit | uantity 

vse Ghousand GAA, YAM ound Gg LM) NS, housand Gq NAC aue 
short tons) short tons) short tons) 

Concrete aggregate (including 

concrete sand) 196,914 $678,617 $3.45 219,009 $814,860 $3.72 230,576 $887,422 $3.85 

Plaster and gunite sands 8,688 33,487 3.85 10,049 39,972 3.98 9,227 43,226 4.68 | 

Concrete products (blocks, 

bricks, pipe, decorative, etc.) 10,950 40,066 3.66 16,274 55,648 3.42 10,403 38,916 3.74 

Asphaltic concrete aggregates | ‘ 
and other bituminous 

mixtures 68,632 218,758 3.19 87,410 322,666 3.69 82,417 318,662 3.87 

Road base and coverings 111,604 287,521 2.58 128,112 354,740 2.77 136,597 413,330 3.03 

Road stabilization (cement) 1,412. 3,282 2.32 1,509 3,928 | 2.60 2,390 6,452 2.70 

Road stabilization (lime) 1,291 2,445 1.89 901 3,342 3.71 — 984 2,592 2.63 

Fill 51,554 104,619 2.03 66,094 128,780 1.95 62,611 134,709 2.15 

Snow and ice control 5,620 14,317 2.55 5,797 17,210 2.97 5,974 20,086 3.36 

Railroad ballast 1,299 4,044 3.11 1,512 5,662 3.74 638 2,849 4.47 

Roofing granules 400 1,833 4.58 564 3,102 5.50 623 2,517 4.04 

Filtration — — — — — — 69 372 5.39 

Other 8,988 28,246 3.14 13,981 55,706 3.98 20,578 72,443 3.52 

Unspecified: 

Actual 125,023 366,117 2.93 167,891 539,043 3.21 238,924 828,733 3.47 

Estimated 181,500 460,604 2.54 163,900 402,515 2.46 121,352 353,689 2.91 

Total? or average 773,900 2,244,000 +=s—ia2.90 ~Ss«8 83,000 ~=—S2,747,200 = «3.11. «= «923,400 => 3,126,000 Ss: 3.39 

2Data may not add to totals shown because of independent rounding. 

reached its midpoint in 1989. Manage- | are Asphalt, Concrete and Structures, | and computer-aided tomography (CAT) 
ment of ongoing research, rather than | Highway Operations, and Long-Term | scans are being tested. The CAT scan 
the initiation of contracts, became the | Pavement Performance Programs. research conducted at the University of 
focus of SHRP’s activities. SHRP’s SHRP’s main objective in asphalt re- | Southern California at Los Angeles 
mission is to produce usable research | search is to produce new performance- | could provide a powerful new nonde- 
results targeted toward technical areas | based specifications for asphalt binders.* | structive test technique for diagnosing 
where there is potential for rapid | A wide range of advanced materials | problems in asphalt pavements. 
progress that could yield significant | characterization techniques like nuclear The concrete and structure program 
cost savings. The four areas of research | magnetic resonance and spectroscopy | includes research in the area of im- 
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proved concrete materials and corro- TABLE 8 | 
sion of concrete structures. Under this U.S. EXPORTS OF CONSTRUCTION SAND AND GRAVEL IN 1989, program, a rapid laboratory test that BY COUNTRY 
will determine aggregate reactivity in less 
than 2 weeks has been devel oped. Cur- (Thousand tons and thousand dollars) 

rent tests require 9 months to 3 years. eee 
About $20 billion is spent on highway _ Sand __—_ Gravel maintenance in the United States each Country Quantity Fa.s. Quantity Fa.s. 

year, which represents about one-third of te __svalue’ total highway spending. This expenditure | North America: 
is growing at a rate of about 9% annu- Anguilla — — 3 24 
ally. More cost-effective maintenance Antigua ~ — 3 65 
methods, equipment, and materials are Bahamas () 16 4 350 badly needed. SHRP is addressing this Bermuda sstst—‘O~™ ?) 33 5 42 problem through its Highway Operations ” ‘British Virgin Islands SOS=~S 4 85 15 286 Program by conducting a series of na- Canada. 62 1,252 724 4,357 tionwide field performance tests. Texas Cayman Islands _ _ > 254 A&M Research Foundation has designed Ayman Sans 
an experiment to compare the cost- | Dominican Republic ? 39 4 202 effectiveness of six preventive mainte- | Guadalupe 3 24 3 48 nance methods to be tested under various | __Haiti 5 2 _ a climate and traffic conditions. The per- | | Honduras () 3 l 78 
formance of the maintenance methods Martinique — = 7 88 
will be monitored over 5 years at specially Mexico 99 939 26 684 
constructed side-by-side test sections on Netherlands Antilles 19 137 3 20 inservice roads throughout the country. ~ St Christopher-Nevis-Anguila. _ — 2 11 The snow-and-ice control is another area | ~ Turks and Caicos Islands SCS _ _ 8 ool of interest for the Highway Operations Other? 1 6 1 43 

Total 4 204 2,624 811 6,642 
TABLE 7 South America: 

. 
2 TIME-PRICE RELATIONSHIP FOR | —S>=;————__ } - ° a CONSTRUCTION SAND AND or? ——— —- — GRAVEL — Fora — 301 | It 

Europe; 
Actual Unit prices in Belgium ] 36 (7) 71 | 

Year unit 1982 constant United Kingdom (?) 37 2 80 
prices dollars Yugoslavia — — 19 25 

1970 $1.11 $2.64 Other ® 2 549 1 199 
1971 1.18 2.66 Total * 4 621 23 375 1972 1.23 2.65 Asia: OO — — 
1973 1.31 2.65 - Japan 26 284 (?) 11 
1974 1.46 2.70 Korea, Republic of 9 965 (’*) 58 1975 1.56 2.63 China 1 13 7 174 
1976 1.88 2.98 Singapore 16 346 4 116 
1977 2.02 3.00 Taiwan 1 129 2 83 1978 2.13 2.95 Other” 2 204 1 32 
1979 2.27 2.89 Total 4 55 1,941 14 474 
1980 2.62 3.06 Oceania &® 2 36 2 91 
1981° 2.79 2.97 Middle East and Africa? 7 365 2 49 1982 2.82 2.82 Grand total 273 5,888 852 7,703, 
1983° 2.95 2.84 ' Value of material at U.S. port of export; based on transaction price, including all charges incurred in placing material alongside ship. 1984 2.90 2.69 ‘Less than 1/2 unit. TO _| FB ncludes Barbados, Costa Rica, El Salvador, Grenada, Guatemala, Jamaica, Panama,-St. Lucia, and Trinidad. 1985° 3.05 2.75 “Data may not add to totals shown because of independent rounding. 
196 #341 273. > Includes Argentina, Brazil, Colombia, Ecuador, and Venezuela. 

TO  -————————. 6 Includes Federal Republic of Germany, Finland, France, Greece, Iceland, Ireland, Italy, Netherlands, Poland, Switzerland, and Sweden. 1987° 3.35 3.00 7Includes Hong Kong, India, Indonesia, Pakistan, Philippines, and Thailand. 198 339 279 ; Includes Australia and New Zealand. . TS Includes Algeria, Angola, United Arab Emirates, Bahrain, Congo (Brazzaville), Egypt, Gabon, Ghana, Guinea, Israel, Kuwait, 1989° 3.62 2.87 Nigeria, Oman, Saudi Arabia, Sierra Leone, Republic of South Africa, Syria, Tanzania, and Tonga. 
“Estimated. Source: Bureau of the Census. 
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Program. The Department of Mechani- | — TABLE 9 © - ; | - 

cal Engineering of the University of Wy- | U.S. IMPORTS FOR CONSUMPTION OF CONSTRUCTION SAND AND 
oming is using computer simulation,| | GRAVEL, BY COUNTRY | | 
model studies, and full-scale prototyping 7 : | — 

to design and test more efficient and (Thousand short tons and thousand dollars) 

flexible snow-and-ice control equipment |. 

and methods. | | 1988 Oo . 1989 

The University of Washington is de- | | . Cif oo Clif. 

veloping a rapid laboratory test method Quantity ___ value? __ Quantity _value? 

for identifying aggregates that are sus- | Antigua 62 433 33 237 

ceptible to freeze-thaw damage. Concrete | Australia 3 493° 1 88 

bridge corrosion is a major problem, | Bahamas 2 14 232 - : 588 

affecting a large number of structures Barbados sti(‘iéSCO~S 6. 6 0C~*W — _ 

around the country. The evaluation of British Virgin Islands 10 188 1 31 

the effectiveness of electrochemical chlo- Caad@asé=‘séS | | a 7 
. . anada 262 | 1,215 41 309 

ride removal technology, an experimental | ——_______________ } : | : | 

but promising technique for extracting Dominica 7 OS 12 8 

chloride from concrete using electrical Germany, Federal Republicof =) — OB 4,133 

current, is advancing under SHRP’s | J@Pam (2) #4 Sto. «(148 

Concrete Structure Program. _| Norway os | — 41 482 

SHRP’s Long-Term Pavement Per- | Taiwan (2) | 41 6 82 

formance (LTPP) Program is a first- | Other 6 682 461 | 

ever major effort to measure pavement Total 351 ~ 33,163 _ 427 ~~ 6,618 

performance in different climate and | ‘Revised. _ So _ | 

soil ‘conditions at about 1,000 in- 1 Value of material at U.S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in bringing material 

service test sections in all 50 States and | toes io unit alongside carrier. ae 

in Canada. The LIPP program has | }Data do not add to total shown because of independent rounding. Oe a | 

been planned to run for 20 years, | Source: Bureau of the Census. . . oe Do 

SHRP funding the first 5 years of data 

gathering and analysis. The data col- | | 

lected as part of the SHRP program is | AASHTO, the National Asphalt Pave- | mends that natural sands be limited to 

expected to provide sufficient informa- | ment Association (NAPA), the Asphalt | 15% to 20% of the total weight of 

tion to refine pavement design that will | Institute, the National Stone Association | aggregates for high-volume roads. 

significantly improve the performance | (NSA), the National Aggregates Associ- Another gradation problem that 

of new pavements. ation (NAA), the Construction Industry | causes rutting is an excessive amount of 

The Third International Symposium | Manufacturers Association (CIMA), the | minus No. 200 material in the mix. 

on Unbound Aggregates in Roads | National Cooperative Highway Research | FHWA’s Technical Advisory recom- 

(UNBAR3) was held on April 11 | Program (NCHR), SHRP, and the Fed- | mends that mixes be designed with dust 

through 13, 1989, at the University of | eral Highway Administration (FHWA).° | to asphalt ratio between 0.6 and 1.2. 

| Nottingham, United Kingdom.* These About 70% of all paved public roads | The Task Force final report was pub- 

symposiums are dedicated entirely to | and streets and 57% of the interstate | lished in February 1989. It concludes 

the utilization and characterization of | highways are surfaced with flexible pave- that most of the causes of rutting are 

unbound aggregate bases. The in situ | ments (asphalt). Asphalt concrete rutting | known and the solutions to the rutting 

testing of compacted pavement layers, | is a longitudinal deformation that devel- | problem are now available. The report 

innovative methods for placing un-.| ops under the action of channelized | also indicates that FHWA Technical 

bound aggregates to obtain a more | loads. It occurs because of consolidation | Advisory T5040.27 is a state-of-the-art | _ 

uniform end product with a leveled | or shear failure in the subgrade or pave- | technical document. 

surface, and the use of vibrating ham- | ment structure. Aggregates make up About 240,000 highway bridges in 

mers or computerized vibratory rollers | about 95% of the weight of asphalt | the United States are currently classi- 

for compacting both unbound base | concrete and provide most of the pave- | fied as “structurally deficient,” mainly 

material and asphalt concrete were | ment’s load carrying capacity. The qual- | because of bridge-deck deterioration. 

some of the topics discussed at this | ity and physical properties of aggregates, | Reinforced concrete bridge decks and 

year’s symposium. especially gradation, are critical in pre- | piers are particularly vulnerable to salt 

In response to growing concern over | venting rutting and in improving pave- | penetration. The salt affecting the rein- 

rutting of asphalt concrete pavements, | ment performance in general. forced concrete structures comes from 

in July 1987, the American Association One way to make a mix more resis- | deicing salts as well as from seawater. 

of State Highway and Transportation | tant to rutting is to increase friction | The combination of chloride ions from 

Officials (AASHTO) organized a joint | between the particles by using more | the salt, reinforcing bars, and moisture 

taskforce of Federal, State, and indus- | crushed aggregates. FHWA Technical leads to an electrochemical process that 

try representatives to study the prob- Advisory T5040.27, “Asphalt Concrete | causes the rebars to corrode and ex- 

lem. Participating agencies included | Mix Design and Field Control,” recom- | pand in size. As the bars expand, they 
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exert internal pressure on the concrete, cient equipment, more automation, and 
which splits along the rebars and leads BACKGROUND better planning and design will be the 
to rapid deterioration of the concrete. trend of the industry in the future. This 
The deterioration process of reinforced Sand and gravel is a granular, uncon- | will permit increased use of less accessi- 
concrete can be significantly reduced | solidated, and usually rounded ag- | ble and lower quality deposits and will 
trough cathodic protection that reverses | glomeration of particles of rocks and keep prices at competitive levels. 
the flow of electrical current developed | minerals, resulting primarily from the 
when corrosion occurs. Several anode | natural disintegration and abrasion of | Definitions, Grades, and 
systems for cathodic protection of | rocks through weathering or erosion. | Specifications | 
bridges now available were evaluated in | Sand and gravel, as one of the most Sand is defined throughout the indus- 
two reports published by FHWA.° accessible natural resources, has been | try and by the American Society for 

used since the earliest days of civiliza- | Testing and Materials (ASTM) as natu- 
—_______________________| tion, mostly as a construction material. | rally occurring unconsolidated or poorly 
OUTLOOK At the beginning of the 20th century, | consolidated rock particles that pass 

«| othe US. production of construction | through a No. 4-mesh (4.75-millimeter) 
sand and gravel, the sand and gravel | U.S. standard sieve and are retained 

The demand for construction sand | used mostly for construction purposes, | on a No. 200-mesh (75-micrometers) 
and gravel in 1990 is expected to be | was relatively small and its uses limited. | U.S. standard sieve. Gravel consists of 
about 900 million tons, a slight increase | Today, annual sand and gravel produc- | naturally occurring unconsolidated or 
from 1989. The weakness in the non- | tion tonnage ranks second in the nonfuel poorly consolidated rock particles that 
residential and multifamily residential | minerals industry after crushed stone and | pass through a sieve with 3-inch (76.2- | 
building construction markets is ex- | is the only mineral commodity produced | millimeters) square Openings and are 

- pected to be compensated by a stronger | in all 50 States. The United States is, in | retained on a No. 4-mesh U.S. standard 
demand in road construction and re- | general, self-sufficient in sand and | sieve. 
pair work. Gradual increases in de- | gravel, producing enough to meet all Sand and gravel is made up of vary- 
mand for construction aggregates are | domestic needs and to be a small net ing amounts of different rock types and 
anticipated after 1990, based on in- | exporter, mainly to consumption points | is, therefore, of varying chemical com- 
creased volume of work on the infra- | along the United States-Canadian and position. Silica is the major constituent 
Structure. It is estimated that the de- | United States-Mexican borders. of most commercial sands, and lesser 
mand for construction sand and gravel Most of sand and gravel is used for | amounts of feldspar, mica, iron oxides, 
will reach 1 billion tons in 1995. The | construction purposes, mainly as ag- | and heavy minerals are common. Most 
projected increases will be influenced gregate in concrete; as road base mate- | applications of sand and gravel have 
by construction activity primarily in | rial in the construction and repair of | specifications for size, physical charac- 
the public construction sector. highways, railways, and runways; and | teristics, and chemical composition. A 

The release of the Department of | as aggregate in asphaltic concrete for | compilation of 42 ASTM Specifica- 
Transportation comprehensive report | paving highways, streets, etc. Con- | tions and Test Methods, including the 
on national transportation policy’ in- | struction sand and gravel has one of the | latest revisions and updates pertaining 
dicates that a significant increase in the | lowest average per ton values of all | to aggregates, concrete, and admix- 
volume of work on the infrastructure | mineral commodities. The constant tures, was reprinted by the NAA.® 
should be expected in the next 5 to 10 | dollar price has changed relatively little Specifications for sand and gravel 
years. The value of public construction | over the past 20 years. Increased oper- | used in roadbuilding and concrete con- 
work as part of the gross national | ating costs have been partially offset by | struction are often rigid regarding par- 
product (GNP) has declined constantly | automation and other means of in- | ticle size gradation and shape and in- 
from about 3% in the 1950’s and | creasing operating efficiency. clude physical as well as some chemical 
1960’s to less than 2% in the 1980s. If Although construction sand and grav- | properties. However, these specifica- 
this trend begins to reverse in the | el resources are widespread and in ade- | tions can differ in detail from State to 
1990’s, a significant increase in spend- | quate supply nationally, local shortages | State or even from city to city within 
ing for public construction work could | exist. Land use conflicts and environ- the State. Soil conditions, climate, and 
be expected that will dramatically alter | mental problems associated with rapid | peculiarities in different deposits may 
the above forecasts. urban expansion are major factors con- | necessitate adjustments of require- 

Construction sand and gravel f.o.b. | tributing to these shortages. In addition, | ments of sand and gravel mixtures and 
prices are not expected to increase sig- | in some geographic areas with sufficient | chemical composition. | 
nificantly, even if the demand for con- | resources, some shortages occur because Specifications are written by com- 
struction aggregates will rise over the | the proportions of various size fractions | mercial users; Government agencies, 
above forecasts. However, the delivered | of sand or gravel may not meet size | including Federal, State, county, and 
prices of construction sand and gravel | specifications of the construction indus- city construction and highway depart- 
are expected to increase significantly, | try. Demand pressures, land use regula- | ments; and the ASTM. Problems arise 
especially in and near metropolitan ar- | tions, and the cost of meeting environ- | for the producers of construction ag- 
eas, mainly because more and more | mental and reclamation requirements are gregates when their product is sold or 
aggregates are transported from distant | factors that will cause a rising price | used in several different cities, counties, 
SOUIceS. trend. Larger operations with more effi- | or States, many of which may have 
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different specifications. Some progress | try and even fewer regularly publish | osition impart to sands and gravels the 

is being made toward the standardiza- | official statistics on sand and gravel. physical characteristics that largely deter- 

tion of aggregate sizes for similar re- On the basis of tonnage, the con- | mine the commercial value for a partic- 

quirements. A need exists for a more | struction sand and gravel industry is | ular use and influence the manner of 

active interchange of data and experi- | the second largest nonfuel mineral in- | development. T he principal types, based | 

ence among aggregate consumers and | dustry in the United States. In 1988, | on origin, are stream, glacial, residual, 

producers. the last year when a full survey was | marine, and lake. Windblown deposits 

conducted, there were 4,175 companies | are of minor importance. Much of the 

Products for Trade and Industry producing construction sand and gravel | commercial production is from stream 

Concrete is made by mixing properly | operating 5,687 pits. The individual deposits, many of which are deficient in 

sized aggregate, portland cement, and | operations range in size from those | the fines required by present-day grading 

water into a slurry. Chemical action | producing millions of tons annually to | specifications for concrete aggregates. 

between the cement and the water re- | those reporting less than 25,000 tons | Stream deposits usually exhibit stratifica- 

sults in the crystallization of hydrous | per year. Most operations are small, tion and often large size gradation. The 

calcium aluminum silicates, which | turning out one product or a limited | beds vary in thickness and sometimes 

causes the mass to bind and harden. | range of products, but most of the | have interspersed lenses of clay or fine 

Round particles in the aggregate are | tonnage comes from large operations. | sand. The degree of roundness and the 

desirable because they improve the | For example, the 26 operations report- particle size varies with the hardness and 

workability of the concrete as it is | ing more than 2.0 million tons each in | distance transported. Glacial deposits 

poured. If broken material is used and | 1988 represented only 0.4% of the total | have the least sorting of all transported 

angular or flattish fragments exceed | number of operations, but produced | deposits, while marine and lake deposits 

about 15% of the total volume, work- | 9.5% of the total tonnage, while 95 | exhibit the best sorting with coarse and 

ability can be maintained only by in- | operations reporting between 1 and 2 | fine particles, often well segregated. Re- 

creasing the amount of sand and water, | million tons each, representing only | sidual deposits are found overlying the 

thus reducing strength, or by adding | 1.6% of the total number of opera- | parent rock and are unstratified mixtures 

more cement, thus increasing the cost | tions, produced 13.6% of the total | of pebbles, boulders, sand, and clay. 

of the concrete. tonnage. For the same year, most of the | They often contain much soft material 

Sized and broken sand and gravel is | construction sand and gravel was pro- | that prohibits commercial production. 

used to make asphaltic concrete aggre- | duced by operations reporting between Marine or offshore deposits could be- 

gate and road bases. Broken surfaces | 200,000 and 1 million tons each— | come more important as inland deposits 

adhere to the hot asphaltic mixture | 1,109 operations, representing 19.5%, | become depleted or environmentally less 

better than do rounded surfaces and | produced 50.3% of the total tonnage. | desirable to extract. A comprehensive 

provide interlocking surfaces that tend The leading companies producing | report showing geologic occurrences of 

to strengthen the asphaltic concrete. | construction sand and gravel, in de- | potential sources of sand and gravel and 

Broken particles pack better and tend | scending order of tonnage, based on | crushed stone of the conterminous 

to move less under load than do | the 1988 survey, were CalMat Co. of | United States for use as natural aggre- 

rounded particles and, therefore, make | Los Angeles, CA; Beazer U.S.A. Inc. | gates was published by the U.S. Geolog- 

better road bases for highway and road | of Pittsburgh, PA; ARC America | ical Survey.’ 

construction. This is essential because | Corp. now CSR Ltd., of Sydney, Aus- On the basis of geologic evidence, 

bases and asphaltic concrete tend to | tralia; Granite Construction Co. of | world reserves are sufficient to meet de- 

flow when placed under great or long | Watsonville, CA; and Dravo Corp. of | mands, although not necessarily at pre- 

duration stresses. Kenner, LA. The top 5 companies op- | cisely the locations where needed. Re- 

erated 118 pits and produced 10% of | serves, which are measurable amounts of 

Industry Structure the U.S. total. Two of these five com- | sand and gravel that can be produced 

Because of the low unit value, con- | panies are subsidiaries of foreign com- | profitably with current technology under 

struction sand and gravel is produced | panies. Many producers are in the sand existing economic and political condi- 

near the point of use; therefore, the | and gravel business exclusively, but oth- | tions, are controlled mostly by land-use 

industry is concentrated in or nearby | ers are diversified in various degrees in | and/or environmental constraints. The 

large, rapidly expanding urban areas | the production of other mineral raw | total sand and gravel resources of the 

and, on a transitory basis, in areas | materials, intermediate construction | United States are very large. However, 

where highways, dams, and other large- | products such as ready-mixed concrete | the geographic distribution and/or qual- 

scale public and private works are un- | and concrete blocks, final manufac- | ity of the reserve base often does not 

der construction. In the United States, | tured products, or construction of | match market patterns or requirements. 

sand and gravel is produced in every | buildings, roads, and other structures. 

State. The largest operations tend to be | At the same time, construction compa- Technology 

concentrated in the States with the larg- | nies are entering more and more into Major technological developments 

est population and largest production | the sand and gravel business to inte- | that have been instrumental in main- 

of sand and gravel. grate their operations. taining adequate production at rela- 

Construction sand and gravel is pro- tively stable real costs include use of 

duced in virtually all countries, but | Geology-Resources larger operating units, more efficient 

relatively few of them survey this indus- The processes of formation and dep- | portable and semiportable plants, unit- 
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ized plants for versatility of plant capac- | sirable and more expensive sources will Processing.—Although small amounts 
ity, new prospecting methods utilizing | have to be developed where mining, | of unprocessed bank-run sand and 
aerial and geophysical surveying meth- | reserves, ratio of sand to gravel, quality | gravel are used for fill, most of the U.S. 
ods, and greatly increased rehabilitation | of material, waste factors, and environ- | production is processed in some way. 
and resale of mined areas. Use of mined- | mental factors such as waste disposal | Present methods include washing with 
out pits as lake beds and as sanitary | will present more problems. water during the screening process, in 
landfill areas has been successful at nu- Exploration and planning will be- | some cases followed by crushing of the 
merous localities. Automatic controls, | come more important in assessing de- | larger particles in cone or gyratory 
along with monitoring by closed-circuit | posits, particularly hillslope deposits of | crushers. Secondary crushing may be 
television coordinated with automated | older sand and gravel. Grading to meet | done by roll crushers. Sizing is done, in 
counting and recording and radio com- | required slope and setback require- | most plants by horizontal or sloped 
munications systems, have been installed | ments at hillslope sites may necessitate | single or multideck vibratory screens. 
in many of the larger and newer opera- | leaving large tonnages of material un- | If necessary, heavy-media separation or 
tions; these, along with the use of im- | mined. Many millions of tons of mate- | jigging is used to remove heavy, unus- 
proved equipment, have permitted recov- | rial are available, but it may not be of | able materials. Sand for use in con- 
ery of salable fractions from deposits | proper quality or ratio of sand to | struction is freed from clay by log 
previously considered too low in quality | gravel. More deposits of marginal qual- | washers or rotary scrubbers. The scrub- 
for profitable exploitation. These prac- | ity will have to be developed to provide | bing is followed by classification, use 
tices will increase as pressures build to | for future demand. of separatory cones or hydroseparators 
increase productivity and minimize envi- to remove water, and fine screening for 
ronmental conflicts. Mining.—Sand and gravel generally | grading. Rodmilling is often required 

occur in the same deposit, but the | for production of small-sized fractions 
Exploration.—Sand and gravel de- | relative proportions of each vary | of sand. Transfer of processed sand and 

posits, like any mineral deposit, must be | greatly within most deposits. Conse- | gravel from the processing plant to stock- 
explored and evaluated before develop- | quently, the control problem of produc- | piles or bins is accomplished by flexible 
ment. Preliminary examination can es- | ing aggregate to rigid specifications in- | combinations of conveyor belts, bucket 
tablish the extent and nature of the de- | volves combinations of many types of | elevators, and screw conveyors. 
posits. This is followed by a detailed equipment like screens, washers, classi- Permanent installations are built when 
exploration program aimed at obtaining | fiers, crushers, and grinding mills. The | large deposits are to be operated for 
reasonably accurate information on the | two basic sand and gravel mining meth- | many years. Portable and semiportable 
quantity of material available, the degree | ods are open pit excavation and dredg- | units are used in many pits that have an 
of uniformity throughout the deposit, | ing. Open pit excavation and processing | intermediate working life. Several such 
and especially, variations in particle size, | has four major steps: (1) site clearing— | units can be tied together to obtain large 
both vertically and horizontally. Also, | removing trees and vegetation, stripping | initial production capacity or to add ca- 
the nature and amount of waste materi- | overburden and topsoil, and transport- | pacity as needed. Mobile screening 
als and the economic feasibility of their | ing, redepositing, or stockpiling it at or | plants can be quickly moved from one 
removal must be studied. off the site; (2) mining—removing the | deposit to another without undue inter- 

Geophysical methods are of value in | sand and gravel from the deposit; (3) | ruption or loss of production. 
preliminary surveys. Detailed exploration processing—screening, washing, crush- 
may be achieved by a systematic arrange- | ing, blending, and stockpiling the mined Recycling.—As the Nation moves 
ment of test pits, trenches, boreholes, or | material to conform to standards and | into an age of increased environmental 
other procedures designed to obtain a | specifications; and (4) reclamation of the | consciousness, recycling of old con- 
cross section of the deposit in conjunc- | extraction area. Processing may or may | crete and asphalt, used mostly in pave- 
tion with sampling and testing. Advances | not take place at the mining site. Mining | ments, is. increasing. Local scarcity or 
in interpretation of aerial photographs | equipment ranges from small, simple | high cost of construction aggregates in 
and increased application of geophysical | units such as tractor-mounted high- | some areas as well as waste disposal 
techniques have made evaluation of sand | loaders and dump trucks to more sophis- | problems are making recycling more 
and gravel deposits more quantitative. | ticated systems involving large power | attractive economically. In some States, 
For underwater exploration, mining de- | shovels, draglines, bucketwheel excava- | limited recycling, especially in road 
vices such as dredges and draglines are | tors, and belt conveyors. Increasingly, | construction, is either encouraged or 
used. Pilot runs are necessary to deter- | mining systems are being designed to | required by law. The best utilization for 
mine if required specifications can be | provide for more efficient and economi- recycled cement concrete is as road base 
met consistently and economically. cal land reclamation. material, because the matrix of con- 
Much of the sand and gravel that is Mining with a dredge usually in- | crete cannot be converted back to ce- 

being mined in stream, flood plain, | volves mounting the equipment on | ment, and also because of the lower 
alluvial fan, riverbeds and terrain, and | boats or barges. Suction or bucket-type | strength of concrete compared with 
glacial deposits is good quality material | dredges are used most commonly to | that of natural aggregates. Sound 
with nearly equal amounts of gravel | harvest sand and gravel from the bot- | crushed concrete can make good coarse 
and sand and small amounts of unus- | tom of a body of water. The sand and aggregate, but the fines produced in 
able material. As these deposits be- | gravel is processed either on board or crushing the concrete have a higher 
come depleted in future years, less de- | transported to land for processing. absorption, are more friable, and will 
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require a higher amount of asphalt in | values and increasing restrictions on op- | subject matter with the EIS. A com- 

asphaltic concrete and a higher amount | erations as suburban development comes | plete EIS may cover all the problem 

of mixing water in portland cement.!° | closer. Deposits are often small and, once | areas at once and facilitate acceptance. 

The amount of asphalt roads recycled | exhausted, the operation must be moved | 

is significantly larger than that of con- | to a new site that invariably is farther Environmental Requirements.—Two 

crete roads, mainly because asphalt can | from the market because closer sites are | main points are involved in environ- 

be rejuvenated with oil additives and | being used for other purposes. mental land use and reclamation fac- 

used in pavements, significantly reduc- The industry also faces increasing | tors. First, the industry must be con- 

ing the cost of the finished road. Expe- competition from crushed stone that | cerned about any practices that can 

rience has shown that about 35% of | can substitute for sand and gravel in affect the community environment. An | 

crushed asphalt pavement can be recy- | most of its applications. Stone opera- | effective effort must be made to reduce 

cled into new asphalt mixtures. Proper | tions are generally longer-lived, can af- | noise, air, and water pollution; to reclaim 

testing under engineering supervision | ford greater capital investment for | pits after the operation is complete; and 

in all construction projects using recy- | higher efficiency, and are often located | to improve the overall appearance of the 

cled materials as aggregates should be | where competing land use pressures are operating mine, processing plant, and 

performed to ensure that the technical | less severe. ‘T he topographically rugged | transportation facilities. Second, the in- 

specifications are met. stone-bearing areas are usually less de- | dustry and community must recognize 

sirable for construction purposes than | the time and costs required to protect the 

Byproducts and Coproducts sand-and-gravel-bearing areas, which | environment and the importance of 

Small amounts of gold and silver are | are generally flatter. _ agreeing on fair and realistic environ- 

recovered as a byproduct or coproduct | mental standards. 

of sand and gravel extraction, particu- Depletion Provisions.—A 5%-depletion Because sand and gravel is a local 

larly in highly sorted deposits. allowance based on gross income is al- | commodity, the effect of supply deficien- 

lowed for construction sand and gravel. | cies and cost of material will affect the 

Economic Factors There are no import tariffs. local community first. Undue delay and 

Construction sand and gravel is a unreasonably high cost can strongly af- 

high-volume, low-value commodity. The | Operating Factors fect the movement of sand and gravel 

industry is highly competitive and is Many States, counties, and cities in | into the marketplace. Also, stringent 

characterized by thousands of operations | the United States have zoning laws, and | controls by the local government that 

serving local or regional markets. Pro- | land within each governmental unit is | prevent permits being issued to operators 

duction costs vary widely depending on |. usually zoned to indicate acceptable | can have adverse economic effects on the 

geographic location, the nature of the | land uses. If mining is permitted in a | communities around them. These condi- 

deposit, and the number and type of | zone and a sand and gravel company | tions can make it difficult to assess the 

products produced. Constant dollar unit | owns or leases land within that zone, | timing and even the possibility of plants 

values have been quite steady during the | the company may apply for a use per- going on-stream and can therefore affect 

past 20 years. Modernization, automa- | mit or its equivalent to begin an oper- | the supply of sand and gravel into the 

tion at newer, larger plants, and compe- | ation. If the parcels to be quarried are | marketplace. 

tition from crushed stone have helped | on lands under both city and county Although much progress is being 

to keep production costs and prices | jurisdiction, permits usually must be | made through premining planning, the 

from escalating. Constant dollar prices | obtained from each. An acceptable rec- | sand and gravel industry continues to 

are expected to rise in the future be- | lamation plan that meets the guidelines | have problems with environmental con- 

cause of decreased deposit quality and | or regulations of the appropriate gov- trols, land use conflicts, and reclama- 

more stringent environmental and land | ernmental agency must also be ap- | tion practices. Many of these problems 

use regulations. proved. Environmental concerns such | are acute because extraction areas and 

Accessibility is a problem for the | as noise, dust, beautification, and stor- | plants must be reasonably near to con- 

construction sand and gravel industry. | age of wastes must be accounted for in | sumers who are largely in metropolitan 

The high-volume and low-unit value of | a manner satisfactory to the govern- | areas. Major environmental consider- 

sand and gravel requires that opera- | mental entity involved. Wastewater dis- | ations that must be dealt with in min- 

tions be close to the market location. | charge requirements must be planned | ing and processing sand and gravel are 

Markets for sand and gravel are con- | for and met. If the deposit to be | emission of particulate matter into the 

struction sites that are mostly in areas | worked is on a river or land controlled | air, processing water discharge, noise 

of high population density. New oper- | by a river or water or flood control | abatement, and employee and public 

ations, close to population centers, are | agency, whether municipal, State, or | health and safety. 

difficult to develop because the land is | Federal, that agency’s requirement must 

often attractive for other uses such as | also be satisfied. Transportation.—Transportation is a 

housing, shopping centers, agriculture, In most States, permits for sand and | major factor in the delivered price of 

parks or recreational areas, and because | gravel operations require an Environ- | construction sand and gravel. The cost 

of public dislike for mining operations | mental Impact Report (EIR) or State- | of moving construction sand and gravel 

close to populated areas. Existing opera- | ment (EIS). A reclamation plan and a from the plant to the market often 

tions in expanding communities face in- | use permit application may also be exceeds the sales price of the product at 

creasing costs because of increasing land | required, with considerable overlap of | the plant. Because of the high cost of 
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transportation, construction sand and | Rvtting. Stone Rev., v. 5, No. 3, June 1989, pp. 20-22. Directory of State Publications Listing 
gravel continues to be marketed locally. | _ °Munn. W. D. How to Protect Bridges From Salt Crushed Stone and Sand and Gravel . . . Corrosion. Highway & Heavy Construction, v. 132, : : Economies of scale, which might be | No. 5, May 1989, pp. 40-41. Producers, biennial. 
realized if fewer, larger operations ”__.. Moving America, New Directions, New Op- | Other Sources 
served larger marketing areas, would | portunities. US. Dep. of Trans., Feb. 1990, 129 pp. Aggregates Handbook, National Stone 
probably not offset the increased trans- *——. Compilation of ASTM Standards Relating Association, 1991. 
portation costs. to Aggregates and Concrete. Nat. Aggregates Assoc. Aggregates, Sand, Gravel, and Crushed Truck haulage is the main form of | “i: 113: Feb. 1990. | Rock Aggregates for Construction . . . Langer, W. H. Natural Aggregates of the Contermi- . : transportation used in the constr uction nous United States. U.S. Geol. Surv. Bull. 1594, 1988, Purposes, The Geological Society, sand and gravel industry. Many produc- | 33 pp. United Kingdom, 1985. 
ers have their own tr uck fleet and de- 10 Meininger, R. C. National Aggregates Association Concrete Manual, A Water Resources liver their own raw materials and prod- | Technical Information Letter. No. 395, 1988, p. 7. Publication, U.S. Department of the 
ucts. A significant and increasing Interior, Bureau of Reclamation, 1975. 
amount of sand and gravel, however, is OTHER SOURCES OF INFORMATION Earth Manual, A Water Resources 
being hauled by independent truckers Publication, U.S. Department of the 
because of the cost of maintaining a Interior, Bureau of Reclamation, 1974. 
truck fleet, particularly when the mar- | Bureau of Mines Publications Geology of Nonmetallics, Bates, R. L., 
ket is highly variable or down. Rail and Stone, Crushed. Ch. in Minerals Harben, P. W. Metal Bulletin Inc., 
water transportation combined account Yearbook V. I, annual. 1984. | 
for about 10% to 20% of total con- Stone, Crushed. Ch. in Mineral Handbook of Concrete Aggregates, A 
struction sand and gravel shipments. Commodity Summaries, annual. Petrographic and Technological 

Sand and Gravel, Construction. Ch. in Evaluation, Dolar-Mantuani, L. Noyes 
— Mineral Commodity Summaries, Publications, 1983. 

‘Federal Register. Air Contaminants: Guide and Bib- annual. Industrial Minerals and Rocks, Fifth 
liography to Final Rule. V. 54, No. 58, Mar. 28, 1989, 29 State Mineral Summaries, annual. Edition, American Institute of Mining, 
CFR Part 1910, pp. 12,792-12,813. State Chapters in Minerals Yearbook V. Metallurgical, and Petroleum Federal Register. Air Quality, Chemical Substances, Il. Engineers, Inc. 1983. 
and Respiratory Protection Standards; Proposed Rule. 

> V. 54, No. 166, Aug. 29, 1989, 30 CFR Parts 56, et al., Crushed Stone and Sand and Gravel, Canadian Aggregates Magazine. 
pp. 35,760-35,852. Mineral Industry Survey, quarterly. Highway & Heavy Construction 
*——. Strategic Highway Research Program 1989 Directory of Principal Crushed Stone Magazine. 

1989. 2 National Research Council. Oct. 31, Producers, Mineral Industry Survey, Industrial Minerals Magazine. 
“Barksdale, R. D., Highlights on UNBAR3—An biennial. . Pit & Quarry Magazine. . International Symposium on Unbound Aggregates in Directory of Principal Sand and Gravel Quarry Management Magazine. 

Roads. Stone Rev. V. 5, No. 5, Oct. 1989, pp. 15-16. Producers, Mineral Industry Survey, Rock Products Magazine. 
°——. Report of the AASHTO Joint Task Force on biennial. Stone Review Magazine. 
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By Wallace P. Bolen 

Mr. Bolen, a physical scientist, is a graduate of the University of Virginia and has been the commodity specialist for 
industrial sand and gravel since October 1988. Domestic survey data were prepared by Howard L. Sullivan, mineral data 
assistant, and the international production table was prepared by William Zajac, Chief, Branch of Geographic Data. 

roduction of industrial sand | (mg/m*) of respirable silica (quartz) | Cancer (IARC) findings that there was 
and gravel in 1989 increased | exposure limit in place of the former | limited evidence that silica is a carcin- 
to 29.2 million tons, about a | formula that measured and limited ex- ogen to humans. A hazard communi- 
3% increase over that of 1988. | posure. This change did not effectively | cation statement was required by the 

Production increased for the third con- | alter the standard but rather conformed Occupational Health and Safety Admin- 
secutive year and was attributable to | the silica exposure limit to the format | istration (OSHA) because respirable sil- 
increased silica usage for fiber and | used for all other hazardous dusts. For ica is known to induce silicosis, a non- 
specialty glasses, chemicals, roofing | cristobalite and tridymite, the less com- | cancerous lung disease, and is considered 
granules, and hydraulic fracturing (frac | mon forms of silica (Si0,), the pro- | a probable carcinogen. This meant that 

_ sand). posed exposure limit was 0.05 mg/m. | employers must inform and train their 
Exports of silica sand and gravel | Additionally, the proposed rule re- | employees about the proper handling of 

increased about 94% in quantity and | viewed current standards on dust con- silica due to its potential hazards. 
31% in average value per ton, com- | trol and detailed the use and mainte- Additionally, MSHA recommended 
pared with that of 1988. Imports of | nance of respirators.! that producers label products that con- 
industrial sand and gravel decreased tain respirable silica to alert their cus- 
about 19% in quantity, but the associ- | = —s—“‘CSCCs*Ssetmerrs ff the hazards associated with 
ated value increased 7%. Domestic ap- | ISSUES Silica. Many producers have begun this 
parent consumption of industrial sand | ———HH_—_____- practice, and training of employees has 
and gravel in 1989 was 27.2 million been regular and continuous at most 
short tons, a small decrease from 1988. A major issue of concern for the | operations. The greatest concern for 

Domestic production data for indus- | silica industry revolved around the 1986 | producers of silica was negative reac- 
trial sand and gravel were developed by | International Agency for Research on | tion from consuming industries and 
the Bureau of Mines from voluntary 
surveys of U.S. producers. Of the 160 
industrial sand and gravel operations TABLE 1 
surveyed, 153 (96%) reported to the SALIENT U.S. INDUSTRIAL SAND AND GRAVEL STATISTICS! 
Bureau of Mines. Their combined pro- 
duction represented about 99% of the (Thousand short tons and thousand dollars) 

U.S. total published in table 1. The eee 
production of nonrespondents was es- 1985 1986 1987 1988 1989 
timated mostly using employment | Sold or used: 
data. Of the 160 operations, 153 (96%) Sand: 
were active and 7 idle. Quantity 29,070 26,940 27,380 27,207 27,819 

Value $370,730 $354,460 $357,660 $376,202 $395,807 
Gravel: 

LEGISLATION AND Quantity 357 484 631 1,272 1,385 
GOVERNMENT PROGRAMS Value $3,340 $4,853 $6,424 $11,796 $14,388 

Total industrial: ? 

The Department of Labor’s Mine Quantity 29,430 27,420 28,010 28,480 29,205 
Safety and Health Administration Value $374,070 $359,300 $364,100 $388,000 $410,200 
(MSHA) issued a proposed rule titled | Exports: 
“Air Quality, Chemical Substances, and Quantity 866 849 758 1,060 2,060 
Respiratory Protection Standards” on Value $22,580 $20,363 $21,253 $30,843 $78,308 
August 29, 1989. A section of the pro- Imports for consumption: 
posed rule would revise standards for air Quantity 81 88 104 43 35 
quality at metal-nonmetal mines. Value —~—«C$;1 S13 $1,014 $1,071 $1,918 $2,057 
For Silica, the revision proposed ac- ' Puerto Rico excluded from all industrial sand and gravel statistics. 

cepting a 0.1 milligram per cubic meter 2Data may not add to totals shown because of independent rounding. 
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possible additional restrictive legisla- | FIGURE 1 

tion and penalties from MSHA and PRODUCTION OF INDUSTRIAL SAND AND GRAVEL IN THE 

OSHA. UNITED STATES IN 1989, BY GEOGRAPHIC REGION 

a "a. 
Me \ 

PRODUCTION Tire, New '; 
PRODUCTION, oi eaves 

oR } \ Z yt f \02 

‘The Midwest (East and West North \ a SO et North Central yp i gale ae 

Central regions) continued to lead the a, |, 7 ® j,_. Zs ananticls s 

Nation 1 i i Pacitin.f” ~~ 9-5" -— “ey a Ot 
ation in production with about 42% ” yy NE 2~\ TN Li 2 

of the 29.2 million tons produced in the ¢ Mountain [°° \ -—-¥ East North conttal fle Bree oe 

United States, followed by the South je | KS — »@ i soutt sy 

(South Atlantic, East and West South be | | eo yy 

Central regions) with about 35% and pe — oc aN 5 

the West (Pacific and Mountain re- nod \" fe aoe Y 

gions) with 14%. Compared with 1988, ! Mk eect cout, 
the output of industrial sand and gravel Ne West South centre ceny al : 

increased 5% in the South and 3% in — e ‘ 4S 

the Midwest, but decreased 4% in the 4 pw, SU | 

Northeast (Middle Atlantic and New 5 

England regions) while the West’s pro- * Includes Alaska and Hawaii f } 
duction increased slightly. @ Production (million short tons)  \ 

Based on the 1988 census estimations 

on population, 1989 U.S. per capita 
industrial sand and gravel production 
was 0.12 ton. Per capita production by 
major geographic region was 0.21 ton 

in the Midwest, 0.12 ton in the South, 

0.08 ton in the West, and 0.05 ton in | sey, and Texas. Their combined produc- | decreased by 6%. 

the Northeast. tion represented 46% of the national The Bureau of Mines canvassed 87 

The five leading States in the produc- | total. Significant changes within the | producers of industrial sand and gravel 

tion of industrial sand and gravel, in | five major producing States included with 153 active operations. About 75% 

descending order of volume, were Illi- | Illinois, where production increased | of the industrial sand and gravel was 

nois, Michigan, California, New Jer- | 6%, and Michigan, where production | produced by 46 operations, each with 

TABLE 2 

INDUSTRIAL SAND AND GRAVEL SOLD OR USED IN THE UNITED STATES, BY GEOGRAPHIC REGION 

a. ST 

8988 88 
en Chousard Percent Value Percent chousard Percent Value Percent 

short tons) of total (thousands) of total short tons) of total (thousands) of total 

Northeast: 

New England 159 1 $4,254 1 154 1 $4,193 1 

Middle Atlantic 2,579 9 36,052 9 2,475 8 36,478 10 

Midwest: 

East North Central 10,447 37 124,020 32 10,488 36 124,955 30 

West North Central 1,595 5 22,701 6 1,881 6 27,108 7 

South: 

South Atlantic 4,414 15 65,770 17 4,715 16 71,242 17 

East South Central 1,380 5 14,688 4 1,446 5 16,571 4 

West South Central 3,885 14 55,595 14 3,994 14 62,589 15 

West: 

Mountain 1,272 4 17,607 5 1,315 5 17,657 4 

Pacific 2,748 10 47,311 12 2,737 9 49,402 12 

Total! 28,480 100 388,000 100 29,205 100 410,200 100 

' Data may not add to totals shown because of independent rounding. 
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TABLE 3 an annual production of more than | 
INDUSTRIAL SAND AND GRAVEL SOLD OR USED 200,000 tons. The 10 leading producers / IN THE UNITED STATES, BY STATE of industrial sand and gravel were, in| 

descending order of tonnage, Unimin (Thousand short tons and thousand dollars) Corp., US. Silica Co., Fairmount Min- 
| erals Ltd., The Morie Co. Inc., Manley 

1988 1989 Brothers of Indiana, Badger Mining State TO OO oOoOOmm—m—o ) Quantity Value Quantity Value | Corp., Oglebay Norton Co., Construc- Alabama 871 8,507 805 8,092 | tion Aggregates Corp., Simplot Indus- | Arizona tS 119 3,045 W W tries, Inc., and W. R. Bonsal and Co. Arkansas. 669 6,784 | 545 5,507 Their combined production, from $9 : California. 2,444 42,078 2,426 43,863 | Operations, represented 71% of the : 
Colorado w ow W w | 7S: total ee cit | aR ESE Green River Silica Co. in Hart Connecticut w Ww w W | County, KY, began operations in 1989 Florida 636 6,928 681 7,768 | and produced sand for blasting, filtra- Georgia Ww Ww 537 7,013 | tion, and golf courses. | Idaho 483 5,089 459 5,037 U.S. Silica, based in Berkeley Springs, Illinois 4,328 56,142 4,582 52,935 | WV, purchased Card Silica Co., IN, and | Indiana 362 1,829 WwW W | after renovations expected to begin pro- Kansas Ww W 230 2,690 | duction in early 1990. | Kentucky _ _ WwW W Bonsal, Lilesville, NC, a major pro- | Louisiana 318 4,786 572 9,664 ducer of industrial gravel for the produc- Maryland w Ww w w | ton of silicon metal, neared completion Massachusetis Ww W 34 601 of another lump silica production facility | 

oe at Beech Island, SC. The rural dredging | Michigan 3,045 27,150 2,865 24,977 | operation was located near the Savannah — Minnesota Ww w Ww W | River and Augusta, GA. | Mississippi WwW WwW Ww Ww The Monterrey City Council refused Missouri 744 9,876 750 9,972 | to renew a mining permit for Monterrey © Montana Ww WwW Ww W | Sand Co., Monterrey County, CA; and, | 
Nebraska WwW WwW WwW W | after 46 years of production, the oper- Nevada 602 WwW 718 w | ation ceased activities at its Sand City 
New Jersey 1,860 25,437 1,797 26,138 and Mar ina beaches locations. ; New York 53 625 53 633 Manley Brothers ceased its operation | 
North Carolina 1,246 15,953 1,627 19,902 | 4t Michigan City, IN, because it was Ohio 1.361 23.441 1.304 24,662 unable to obtain additional adjacent 
SASS EEE reserves as a result of high property Oklahoma 1,268 17,381 1,216 18,310 | costs in the area. | | 
Pennsylvania Ww Ww Ww Ww Additionally, 11 small producers of Rhode Island W Ww W W | silica sand for industrial uses either South Carolina 859 15,271 842 16,635 | ceased operations or moved out of in- 
Tennessee Ww WwW Ww W | dustrial sand production and became | 
Texas 1,631 26,645 1,661 29,107 | solely construction sand producers. : 
Utah 3 60 3 60 ! 

Virginia W Ww W We 
Washington Ww WwW Ww w | CONSUMPTION AND USES 
West Virginia W W W W ) 

Wisconsin 1,35] 15,458 1,314 22,399 Sand and gravel production reported | Other 4,228 15,513 _ 3,891 _14,630 | by producers to the Bureau of Mines Total’ 28480 388,000 29,205 410,200 was actually material used by the com- | W Withheld to avoid disclosing company proprietary data; included with “Other.” panies or sold to their customers. Data may not add to totals shown because of independent rounding. . . 
Stockpiled material was not reported 
until consumed or sold. 

. Of the 29.2 million tons of industrial 
sand and gravel sold or used, 42% was 
consumed as glassmaking sand and 
24% as foundry sand. Other important 
uses were abrasive sand (8%) and frac 
sand (5%). Because some producers 
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did not report a breakdown by end use, | (75%). About three-fourths of the hy- | ated plants in the county, were among 

their total production as well as the | draulic fracturing sand was produced in | the largest producers of sand for these 

estimated production for nonrespon- | the Midwest (74%), and about one-half | markets. U.S. Silica’s plant in Hunting- 

dents were included in “Other uses, | of the abrasive sand was produced in | don County, PA, also produced signif- 

unspecified,” which represented about | the South (51%). | icant amounts of sand for the glass 

3% of the US. total. market. Morie’s plant in Cumberland 

On the regional level, more than one- Northeast : County produced a major percentage 

third of the glassmaking sand was pro- Cumberland County, NJ, continued | of the abrasive blast sand in the region. 

duced in the South (38%), followed by | to be the largest source for the glass, 

the Midwest (29%), and the West | foundry, and blast sand markets in the Midwest 

(18%). Three-fourths of the foundry | region. Unimin, U.S. Silica, Morie, Unimin’s plants in LaSalle and Ogle 

sand was produced in the Midwest | and WHIBCO, Inc., all of which oper- | Counties, IL; LeSueur County, MN; 

and Columbia County, WI; were 

TABLE 4 among the leaders in producing sand 

for the glass, foundry, frac sand, and 

INDUSTRIAL SAND AND GRAVEL PRODUCTION IN blasting markets. Fairmount Minerals, 

THE UNITED STATES IN 1989, BY SIZE OF OPERATION operating plants in Geauga County, 

OH, and La Salle County, IL, was a 

uantit major producer for the foundry and 

Ghort tors) Se ations en Ghousand on glass markets in the region. U.S. Sili- 

short tons) ca’s plant in La Salle County, IL, and 

Less than 25,000 26 17.0 280 1.0 | Badger Mining’s plant in Jackson 

25,000 to 49,999 24 15.6 879 2.9 | County, WI, were large producers for 

50,000 to 99,999 % 17.0 1,888 6.5 | the glass and frac sand markets, respec- 

100,000 to 199,999” 31 20.3 4,385 15.9 | tively. Construction Aggregates Corp. 

200,000 to 299,999. ll 72 2,765 9.5 | in Ottawa County, MI, and Manley 

| 300,000 to 399,999. iP 79 3, 880 13.3 Brothers in Van Buren County, MI, 

400.000 to 499.999. 9 59 4231 14g | Were major producers of foundry sand 

500.000 to 599.999 4 36 3017 16 in the region. Unimin’s Ogle County 

SW WMN 10 997,777 , and Badger Mining’s Green Lake 

600,000 to 699,999 4 2.6 2,525 8.6 | County operations were also large pro- 

700,000 and over 7 4.6 6,154 21.1. | ducers for the foundry industry. 

Total 153 100.0 129,205 100.0 

1 Data do not add to total shown because of independent rounding. South 

Unimin and USS. Silica Co. were two 

of the largest producers of sand for the 

TABLE 5 glass and foundry markets. Unimin’s 

NUMBER OF INDUSTRIAL SAND AND GRAVEL OPERATIONS malor Pants wean Een 
AND PROCESSING PLANTS IN THE UNITED STATES IN 1989, ; Richmond County, NC; Fontotoc 

BY GEOGRAPHIC REGION County, OK; and Izard County, AR. 

US. Silica’s Bullock County, AL; Mor- 

so | ga County, WV; and Johnston County, 

_____ Mining operations on land Total OK, operations were the major contrib- 

Geographic Stationary No plants Dredging active utors for these markets. Morie’s Tus- 

region Stationary Portable and or _—s- Operations — Gperations | caloosa County, AL, and Tennessee 
portable unspecified 

POE | plants were large producers of foundry 

Northeast: 
. . 

New England 3 _ _ ; _ 4 and glass sand, respectively, in the re- 

“eer gion. Pioneer Concrete of Texas, Inc., 

__Middle Atlantic 5 — 2 I 6 4 Southern Silica of Louisiana, Specialty 

Midwest: Sand Co., LA, and Foster-Dixianna, SC, 

East North Central 33 1 1 — 2 37 produced the bulk of the blasting sand. 

West North Central 7 — — — 4 11 Bonsal and B. V. Hedrick Sand and 

South: Gravel, both in Anson County, NC, pro- 

South Atlantic 17 _ _ 3 6 26 duced most of the industrial gravel used 

East South Central 11 _— _ _ 2 13 in the processing of silicon and ferrosili- 

West South Central 2 _ _ , 10 24 con. Bonsal also produced large quanti- 

West: 
ties of material for roofing granules. 

Mountain 7 2 — — I 10 West 

Pacific I ed Owens-Illinois, Simplot Industries, 

— Total 06 8B and Unimin were the three largest pro- 
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TABLE 6 

INDUSTRIAL SAND AND GRAVEL SOLD OR USED BY U.S. PRODUCERS IN 1989, BY MAJOR END USE 

Northeast Midwest South West U.S. total! 

Quantity Quantity Quantity Quantity Quantity 

Major use (thou- Value Value (thou- Value Value (thou- Value Value (thou- Value Value (thou- Value Value 

sand (thou- __ per sand (thou- _— per sand (thou- per sand (thou- per sand (thou- sper 

short sands) ton short sands) ton short sands) ton short sands) ton short sands) ton 

tons) tons) tons) tons) tons) 

Sand: . 

Glassmaking: 

Containers 1,276 $17,148 $13.44 2,013 $16,876 $8.38 2,769 $32,595 $11.77 1,800 $30,164 $16.76 7,858 $96,782 $12.32 

Flat (plate 
and window) W W 13.54 844 8,304 9.84 1,299 15,501 11.93 W W 14.66 2,589 30,198 11.66 

Specialty WwW W = 15.15 387 6,419 16.59 W W = 14.71 7 131 18.71 762 12,049 15.81 

Fiberglass 
___(unground) _ W W = 10.76 302 3,837 12.71 W W 25.62 105 1,681 16.01 837 15,539 18.57 

Fiberglass 
(ground) — — — WwW We 15.08 WwW W 31.88 W WwW 20.89 247 6,463 26.17 

Foundry: 

Molding and 430 6,196 14.41 5,095 51,864 10.18 1,093 12,443 11.38 131 2,273 17.35 6,749 72,776 10.78 

core 

Molding and 

core facing | 

__ (ground) | — — — WwW W 26.93 — — — — — — W WwW 26.93 

____Refractory __ W W 5.40 330 1,942 5.88 — — — WwW W 33.00 336 2,002 5.96 

_ Metallurgical: 
Silicon — — — WwW W 11.70 — — — — — — W W 11.70 

carbide 

Flux for 

metal 
smelting — — — WwW W 6.96 W Ws 3.83 13 80 6.15 45 285 6.33 

Abrasives: 

Blasting 212 4,184 19.74 446 6,653 14.92 1,175 22,590 19.23 455 8,763 19.26 2,287 42,190 18.45 | 

Scouring . 
cleansers 
(ground) WwW W 32.50 WwW W 25.68 W W 56.00 — — — W Ws 26.51 

Chemicals | 

(ground and 
__unground) W W 27.33 376 3,073 8.17 338 5,211 15.42 W W 16.18 817 10,580 12.95 

__ Fillers (ground): 
Rubber, 

paints, 
putty, etc. 25 Til 28.44 55 3,512 63.85 71 6,095 85.85 8 136 17.00 159 10,454 65.75 

Silica flour — — — WwW W 27.11 W W 24.14 — — — 68 1,781 26.19 

Ceramic 

(ground): 

Pottery, brick, 
__tile, ete. WwW W 41.10 132 3,898 29.53 94 3,150 33.51 W W 39.00 238 7,537 31.67 

Filtration 89 1,619 18.19 WwW W 23.50 152 2,662 17.51 W W 27.42 310 6,033 19.46 

Traction 37 152 4.11 185 1,650 8.92 66 661 10.02 23 439 19.09 311 2,902 9.33 

__(engine) 
__Coal washing — — — W W 28.36 — — — — — — W W 28.36 

Roofing 

granules and 
fillers WwW W 34.24 89 1,242 13.96 561 8,067 14.38 WwW W 21.26 790 13,453 17.03 

Hydraulic 
fracturing — — — 1,126 25,430 22.58 WwW W 21.97 WwW W 27.22 1,531 34,494 22.53 

Other uses, 
specified 551 10,437 18.94 576 12,163 21.12 1,313 27,756 21.14 1,095 19,910 18.18 XX XX XX 

See footnotes at end of table. 
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TABLE 6—Continued 

INDUSTRIAL SAND AND GRAVEL SOLD OR USED BY U.S. PRODUCERS IN 1989, BY MAJOR END USE 

Northeast Midwest South West U.S. total! 

Quantity Quantity Quantity Quantity Quantity 

Major use (thou- Value Value (thou- Value Value (thou- Value Value (thou- Value Value (thou- Value Value 

sand (thou- per sand (thou- per sand (thou- per sand (thou- per sand (thou- per 

short sands) ton short sands) ton short sands) ton short sands) ton short sands) ton 

tons) tons) tons) tons) _ tons) 

Sand—Continued | 

Other uses, 

unspecified 2 W W $27.00 223 2,802 $12.57 450 5,388 $11.97 W W $20.07 810 10,940 $13.51 

Total! or 
average 2,620 40,449 15.44 12,178 149,662 12.29 9,382 142,119 15.15 3,638 63,577 17.48 27,819 395,807 14.23 

Gravel: SS ES I STNSOoUaSES_ CES SSS SSS SS TSS ES SS SS 

Metallurgical: 

Silicon, . 
ferrosilicon — — — W WwW 10.00 W Ws 11.13 — — — 758 8,295 10.94 

Filtration 8 W W WwW WwW 8.33 WwW WwW 9.03 — — — 48 591 12.31 

Nonmetallurgical 

flux — — — — — — W WwW s8.78 WwW W_s8.43 508 4,311 8.49 

Other uses, | 

specified — — — 190 W WwW 772 8,282 10.73 414 3,481 8.41 XX XX XX 

Total! or 
average 8 W WwW 190 W Ww 772 8,282 10.73 414 3,481 8.41 1,385 14,388 10.39 

Grand totale EEE EE EEE EEE EE EEE 
or average 2,629 W Ws12,369 W W 10,155 150,401 14.81 4,053 67,059 16.55 29,205 410,200 14.05 

W Withheld to avoid disclosing company proprietary data; included with “Other uses, specified;” also included in “U.S. total” by use. XX Not applicable. 

' Data may not add to totals shown because of independent rounding. 

* Mostly estimated total production plus other uses (small quantities) as reported by producers. 

FIGURE 2 

SAND USED IN SELECTED END USES, 1989 

, , , 6,000 
ducers of glass sand in the region, with 
major operations in Amador County, HM Blasting 

Costa County, CA; respectively. Co- POS — 
' : : Sp) Pee Molding and core rona Industrial Sand Co., Riverside | > es 

County, CA, supplied the majority of | O enter EEE nnn 
° ° ° a 4 8 0 0 0 PASEO 

sand for the sand blasting industry in | __ ee 
the region. Simplot Industries also sup- | & Se | 

. . O Somer 
plied a large portion of the foundry | 5 0) 0) es 
sand consumed. a ee 

a oe \\ 
= ee 
dS 2.000 Ss ao 

TRANSPORTATION 3 \\ \ 
TCR _eTE | ce \ 

K \( pe 
Of the total industrial sand and ee ee 

gravel produced, 58% was transported \ — . oS . ee \ 

by truck from the plant to the site of 9 \\ \\W XY \\\_ 
first sale or use, up from 56% in 1988; 

34% was transported by rail, un- Northeast Midwest South West 
changed from 1988; 3% by waterway, 
down from 4% in 1988: and 5% not 
transported, down from 6% in 1988. 
Because most of the producers did not 
report shipping distances or cost per 
ton per mile, no transportation cost 
data were available. 
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TABLE 7 TABLE 8 

TRANSPORTATION OF U.S. EXPORTS OF INDUSTRIAL SAND AND GRAVEL, BY COUNTRY 

GRAVEL IN THE OaiYDD SPATES (Thousand short tons and thousand dollars) 

IN 1989 TO SITE OF S$ SS 
FIRST SALE OR USE count + N89 

ee oumy | Quantity — vane Quantity ras 

Method of Chousana Percent | North America: 

shipment short tons) of total Bahamas | 6 58 ?) 30 

Truck 16,863 58 Canada 790 11,260 1,054 11,374 

Rail 9,949 34 Mexico 67 2,284 40 1,631 

Waterway 825 3 Panama 5 86 1 34 

Not transported 1,568 5 Other 26 __501 5 642 

Total 29,205 100 Total? 893 14,189 1,100 13,709 

South America: OO ~ oO — 

Argentina ee) 51 (7) 137 

- | PRICES Chile 2 450 4 275 
WSO Colombia 1 105 5 54 

. Ecuador 7 176 () 194 
Compared with 1988, the average peru 14 947 8 314 

value, f.o.b. plant, of U.S. industrial | ——MHWH¥—-____-- 
| sand and gravel increased nearly 3% to | —“ememuela_ 3 296 I 184 

$14.05 per ton. Average unit values for | Other, __152 ___ 6 __ 386 
industrial sand and industrial gravel | __ Total? 1,977 39 _1,445 
were $14.23 and $10.39 per ton, respec- | Europe: , 
tively. Nationally, industrial sand used Belgium | | 15 974 37 937 
as fillers for rubber, paint, and putty, Finland y) 48 1 22 

etc., had the highest value per ton France 1 222 1 86 

($65.75), followed by silica sand used Germany, Federal Republic of 8 1,006 62 1,805 
in ceramics ($31.67), coal washing | “jay | 6 654 2 672 
($28.36), molding and core facings | “\anhertands  SOtCS D 4,737 426 2.850 
($26.93), scouring cleansers ($26.51), ~“UnitedKingdom—S—=<CS*S D 579 90 2116 
silica flour ($26.19), and fiberglass | ——--7—— 
(ground) ($26.17). Other _ #4 —__4 007 

The average value per ton of indus- _ Totaly le 8,643 622 2095 
trial sand was highest in the West | 459% 

| ($17.48), followed by the Northeast Indonesia 6 662 9 476 
($15.44), the South ($15.15), and the Japan . 9 1,407 148 47,723 
Midwest ($12.29). Glass sand average Korea, Republic of 6 424 50 1,687 

value per ton varied markedly, from Malaysia 15 298 (7) 35 
$16.50 in the West to $10.11 in the Singapore 19 1,514 45 2,232 
Midwest. Tighter supplies and higher Taiwan 10 493 9 507 

production and transportation cost in Other 7 373 8 665 
vavel in this seeio the cost of sand and Tol? 71 5,172 270 53,324 

Middle East and Africa: 

Saudi Arabia ) 16 (7) 9 

a South Africa, Republic of 5 259 (?) 27 

FOREIGN TRADE United Arabic Emirates 2 123 () 4 
Other | 2 191 2 __274 

Exports Total? 9 588 2 314 

Exports of industrial sand, com- | Australia 1 241 25 356 
pared with 1988, increased 94% to | Oceania () __33 — ___64 
2,060,000 tons, and the value increased | _ Grand total? 1,060 30,843 2,060 78,308 
154 % to $78 . 3 million. Of this, 51 Wp , Value of material at U.S. port of export; based on transaction price, including all charges incurred in placing material alongside ship. 

went to Canada, 21% went to the Neth- 3 Data may not add to totals shown because of independent rounding. 
ervands, 7% went to Japan, and ihe Source: Bureau of the Census. 
remainder went to numerous other 

countries throughout the world. 
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Imports TABLE 9 

Compared with 1988, imports for U.S. IMPORTS FOR CONSUMPTION OF INDUSTRIAL SAND, 
consumption of industrial sand de- BY COUNTRY 

creased 19% to 35,000 tons valued at 
$2.1 million. Of this, 91% came from (Thousand short tons and thousand dollars) 

Australia and 6% came from Japan. | ———S 

Small amounts of specially prepared 1988 1989 
silica sand from Canada, the Federal Country , C.i.f. , C.i.f. 

Republic of Germany, France, Japan, Quantity value! Quantity value’ 

Mexico, and the United Kingdom sold | Antigua | 36 264 — — 

for very high values per ton. Australia () 874 32 874 

Canada 1 47 ] 191 

| d6Germany, Federal Republic of (7) 556 (7) 240 

WORLD REVIEW Japan (7) 2 2 262 

United Kingdom 3) 27 1 60 

World production of industrial sand Other a lar oO 0 

and gravel, based on information usu- Total® BB BST 
ally provided by foreign G overnments, ' Value of material at U.S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in bringing material 

. cane from foreign country to alongside carrier. 

was estimated to be 137.5 million short | 2tess than 1/2 unit. 
tons. The United States was the leading 3 Data may not add to totals shown because of independent rounding. 

producer followed by, in descending | Source: Bureau of the Census. | 
order, the Netherlands, Argentina, 
France, and the Federal Republic of 

Germany. Most countries in the world | ciency, and greater impact resistance. | permanent underground waste facility 

had some production and consumption | As materials and production costs | at Yucca Mountain, NV. Commence- 

of industrial sand and gravel because of | come down, usage of Si,N, and other | ment of the process was scheduled for 

its basic uses in glass and foundries. | ceramics, such as silicon carbide, could | 1992 and should continue for at least 

However, because of variation in de- | become commonplace.” ° 20 years.° ’ 
scriptions and usage for silica sand and Advances in glass melting technolo- 
gravel, it was difficult to get reliable | gies will be necessary for the glass 
information. Beyond those countries | industry to remain competitive with OUTLOOK 

listed in table 10, many other countries, | alternate materials. Partially funded by | ———————______________ 

including the U.S.S.R. and other East- | the Department of Energy (DOE), Air 
ern European nations, were believed to | Products and Chemicals, Allentown, Demand 
have had some type of silica production | PA, experimented with using oxygen in The forecast range of total U.S. de- 

and consumption. place of air to improve the efficiency of | mand in the year 2000 was expected to 

the furnaces used in glassmaking. Im- | be 30 to 41 million short tons for 

er sCSséspproveed efficiency was realized because | industrial sand and gravel. Probable 

CURRENT RESEARCH oxygen raises the flame temperature | demand was expected to be about 36 

$$ — | and minimizes heat losses to the flue.* | million tons, which corresponded with 

Additionally, KTG Glassworks Tech- | an average annual growth rate of 1.9%. 

Research related to the industrial | nology Inc., Pittsburgh, PA, worked to | All forecasts were based on previous 

sand and gravel industry continued to | improve thermal efficiency through the | performances for this commodity 

advance on many fronts. Newly fabri- | use of segmented furnaces. The system, | within various end uses and contin- 

cated materials, including chemicals, | called Seg-Melt, maintained the sepa- | gency factors considered relevant to the 

ceramics, and other related materials, | rate processing of batch and cullet at | future of the commodity. 
provided new markets for silica produc- | the furnace. According to KTG, this 
ers while simultaneously placing more | method will cut the cost of container Glass Sand 

stringent requirements on silica as a | glass by 11%.° Since 1984, annual demand for glass 

raw material. The DOE continued work on the | sand had fluctuated between 10.3 and 

During 1989, several articles were | Defense Waste Processing Facility near | 12.1 million tons. Sand consumed for 

centered on the use of silicon nitride | Aiken, SC. The operation will use a | container glass had decreased since 

(Si;N,), a ceramic, for engine compo- | vitrification process to secure waste of | 1987 mainly because some glass con- 

nents. Si,N, components had begun to | radioactive liquid plutonium by fusing | tainers were being replaced by alumi- 

replace traditional metals in engines, | the waste with borosilicate particles to | num cans and plastic containers and 

functioning in many applications, in- | form a glass. The glass will be poured | also because the amount of glass being 

cluding turbocharger rotors, valves, | into stainless steel canisters and then | recycled was increasing. Additionally, 

and ball bearings. Advantages of Si,N, | sealed before being moved to the glass | many manufacturers of container glass 

included improved durability, lower | waste storage building. Eventually the | were using thinner walls in glass con- 

wear and friction, increased fuel effi- | canisters will be stored in the DOE’s | tainers, and this process had cut down 
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TABLE 10 the amount of sand used. Also, a new, 
INDUSTRIAL (SILICA) SAND AND GRAVEL: thinner and lighter safety glass was WORLD PRODUCTION, BY COUNTRY! | used in automobiles and its use was 

| growing. As a result of these contin- 
(Thousand short tons) | gency factors, demand for glass sand 

| was expected to grow slowly until the 
Country? 1985 1986 1987 1988? 1989° year 2000. Probable demand for glass 

Argentina 12,513 11,452 9,974 10,455 10,470 | sand for the year 2000 was forecast to 
Australia 2,304 2,305 2,602 2,170 2,210 | be 14 million tons, with a range of 12 to 
Austria 810 880 154 833 830 16 million tons. The probable forecast 
Belgium 2.169 2,275 2,500 2,690 2,900 indicated a modest annual growth rate 

Brazil 2,409 3,019 2,829 2,880 2,980 | Of 0.8%. 
Canada 2,106 2,911 2,934 2,987 3,000 | Foundry Sand 

Chien 330 330 330 330 330 The probable forecast for foundry 
Cuba 708 546 S71 “610 610 | sands was expected to be 9.5 million 

| Denmark 2 2 *2 2 2 | tons, and the range was expected to be 
Ecuador © 55 55 55 55 53.| 9 to 11 million tons. The probable 
Egypt? £140 © 140 257 38 37 | forecast indicated an average annual 
Finland 246 256 257 300 300 | growth rate of 2.6%. The use of 
France 6,076 5,878 8,236 8 250 s,.250 | foundry sand was seen to be dependent 
Germany, Federal mainly on automobile production. Re- 

Republic of 7,739 7,228 6,755 6,386 6,600 | cently, many foreign auto makers have 
Greece® 40 40 40 45 45 | opened plants in the United States, and 
Guatemala Sstst—<‘i‘_ 25 25 34 35 34 | this should support growth in sales of. 
Hungary © 617 572 696 714 729 | foundry sands as a greater percentage 
Iceland 5 4 5 5 3 of cars sold in the United States will 

India 3,368 1,856 4,173 2,671 3,420 also be made in this country. 

reland 7 7 6 7 8 | Hydraulic Fracturing Sand 
| aly 4850 4,630 4,740 4,740 4,960 This end use showed a strong growth 

Jamaica 18 140 22 14 17 | in 1989, surging to over 1.5 million 
Japan 4,836 4,327 4,291 4,630 *4,826 | tons. The amount of hydraulic fractur- 
Kenya (?) a) (°°) (°°) “12 | ing sand used in each oil and gas well 
Korea, Republic of I 1 1 2 2 | Increased, and this trend was expected 
‘Luxembourg 2 _ _ _ — | to be maintained in the future. There- 
Mexico = ~~—~—‘*1,630 977 1,065 1,021 41,137 | fore, demand was expected to grow for 
Netherlands —S—S~S~=«S «033 25,178  - 24,553. 28,659 28,270 | this end use. Probable demand for hy- New Zealand® 55 55 55 464 60 draulic fracturing sand for the year 
Ca | 2000 was expected to be 2.3 million Norway 855 880 880 880 880 | . . eae Sa uP aSgEEEEEEEEEEeeeee | tons, with a range of 1.7 to 2.7 million 
Pakistan 223 127 164 148 140 | tons. The ‘probable forecast indicated 
Paraguay 1,653 2,094 2,111 2,105 2,105 an annual growth rate of 4%. 
Peru 2,096 5,343 8,833 “5,510 5,510 

Philippines 165 ©165 185 281 240 | Adequacy of Supply 
Portugal * 6 6 6 6 6 Domestic production was expected to 
South Africa, continue to meet more than 99% of 
Republic of 1,673 1,824 2,135 2,216 “2,405 | demand through the year 2000. Im- 

Spain 2,507 2,888 1,707 2,205 2,205 | ports, mostly from Australia, the Ba- 
Sweden ° 760 770 770 770 770 | hamas, and Canada, were expected to 

Tanzania 10 10 7 13 10 | remain minor. 
Thailand #8 © 168 169 169 267 370 The United States was the largest 
Turkey = 399 © 40 438 © 440 440 | producer and consumer of silica sand 
United Kingdom SS—S~=« «6S 4,528 3,599 4,740 4,630 | among the market economy countries oe and was self-sufficient in this commod- United States (sold . . . 

or used by producers) 29,430 27,420 28,010 28,480 429,205 | ity. Most of it was produced in the a 3.750 3. 860 4,200 4,200 4,200 eastern part of the United States where 
See footnotes alendofiubln TO ——eeé+*<—eHOéOH'_*™rT | the largest deposits and major markets 

were located. A significant amount of 
silica sand was also produced in the 
West and Southwest, mostly in Califor- 
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| TABLE 10—Continued glass was produced in Venice. After | 

INDUSTRIAL (SILICA) SAND AND GRAVEL: this, Venice remained the leader in fine 

WORLD PRODUCTION BY COUNTRY! glassware for the next four or five 

centuries. In the 17th century, a process | | 

(Thousand short tons) for casting glass was invented in 

| France, and later England began to 

Country” - 1985. 1986 1987 1988? 1989° | make flint glass, marking the beginning 

Yugoslavia 2,905 2,939 2,379 2,231 2,320 | of modern glass technology. 

Zimbabwe 113 - 159 45 61 468 Glassmaking was apparently the first 

Toal®tst~=<CSststCtstststsSSCéd; AT 128,566 133,375 135,143 137,501 | industry to be transplanted from Eu- 

Estimated. ? Preliminary. —— rope to North America, first to Mexico, 

' Table includes data available through June 15, 1990. and later to the British colonies. The 

2In addition to the countries listed, Angola, Antigua and Barbuda, the Bahamas, China, Israel, New Caledonia, Panama, and the first manufacturing establishment in 

U.S.S.R., among others, produce industrial sand, but current available information is not adequate to formulate estimates of . . 

production levels. : what is now the United States was a 

“Fiscal years beginning July | of that stated. glass factory at Jamestown, VA, built 

ee ie } in 1608. The 1885 edition of “Mineral 

S Data may not add to totals shown because of independent rounding. Resources of the United States a the 

| predecessor of today’s Bureau of Mines 

“Minerals Yearbook,” reported a total 

nia and Texas. Concern over the use of silica as an | of 317,000 tons of silica sand produced 

Because the unit price of silica sand | abrasive due to health concerns and the in 1884 in the United States, under 

was relatively low, except for a few end | imposition of stricter legislative and | “Glass Materials.” In 1989, a total of 

uses that required a high degree of | regulatory measures concerning silica | 29.2 million tons of silica sand was 

processing, the location of silica sand | exposure could decrease demands in | produced in the United States for a 

deposits in relation to the market was | many silica markets. variety of uses, of which 12.3 million 

an important factor that may work for or Development of more efficient min- | tons was for glassmaking. Today, glass 

against a sand producer. Consequently, a | ing and processing methods were ex- has become an invaluable product with 

significant number of relatively small | pected to continue. This will enhance | a multitude of forms and applications. 

operations supplied local markets with a | development of lower grade silica sand 

limited number of products. deposits located closer to markets but 

The constant-dollar price of domes- | not presently mined. Such develop- 
= age ; ae TABLE 11 

tic silica sand had fluctuated since 1983 | ments were expected to increase silica 

and was expected to continue fluctuat- | sand reserves. TIME-PRICE RELATIONSHIP 

ing because of strong competition FOR SILICA SAND 

| among producers for retention of dwin- a 

| dling markets. BACKGROUND Average annual price, 

| TTT dollars per ton, f.o.b. quarry 

Possible Supply-Demand Changes Year Actual price Ba8€4 08 constant 

Several factors could affect supply- Probably no other nonmetallic min- ctuat price 1988 dollars 

demand relationships for silica sand. | eral has more diversified uses than sil- | 1970 $3.47 $10.02 

Further increases in the development of | ica sand, mainly because of its com- | 1971 3.49 9.53 

substitute materials for glass and cast | mon occurrence around the world and | 1972 3.81 9.94 

metals could reduce demand for glass | its distinctive physical characteristics, | 1973 3.80 931 

sand and foundry sand but would in- | including hardness, resistance to high 1974... © ©6483.0C~CSst‘ié‘«SOSSSCC*” 

| crease demand for silica flour, which is | temperature and chemical action, and i995. S—=<CS~SS|DS~<“CSst‘s=~‘S~*é«~iSYC«CS CS 

used as a filler in plastics, and for glass | relatively low price. One of the first 6S 0209 

| fibers, which are used in reinforced | industries to use silica sand was the ya 

| plastics. Also, increased efforts to re- | glass industry. At least 4,000 years ago, ofp 

| duce waste and increase recycling could | long before iron was smelted, glass- 78765 BS 

| hinder glass sand demand. Although | making was already a known craft. | 27° 8.57 13.23 

these developments could cause de- | Although the place and date of the first 1980 9.98 14.13 

mand for silica sand to decrease, the | manufactured glass are not known, the | 1981 11.15 14.39 

- total value of production could increase | oldest known specimens of glass are | 1982 12.03 14.59 

| because of the increased unit value of | from Babylon (ca.2600 B.C.) and from | 1983 12.63 14.75 

: the new specialized sands. Egypt (ca.2500 B.C.), where the indus- 1984.12.91 SS 

An increase in the price of oil on the | try was well established by around 1500 | jog5 12.75 13.95 

international market would stimulate | B.C. Many varieties of glass were i096 ©» '23«6s(it‘;SC*~*«*dS«SC*~*# 

domestic drilling and extraction from | known during Roman times. Little is oay gd 

new and old oil deposits. This would | known of the glassmaking methods W987 

increase demand for domestic hydrau- | used in Europe from the fall of Rome LC 

lic fracturing sand. until the 10th century, when stained 1991423 
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Metals casting was probably the sec- | TABLE 12 
ond industry that used silica sand. To- PROJECTIONS AND FORECASTS FOR U.S. INDUSTRIAL SAND, day, the casting industry provides vital BY END USE, IN THE YEAR 2000 
components for most modern manu- 
facturing industries. The number of (Million short tons) 
industries using silica sand is growing 
constantly, as are the products made by Year 2000 
using silica sand. End use 1989 Forecast range 

—_—“- Probable See Low High . 
Definitions, Grades, and Glass sand 12.3 12.0 16.0 “14.0 
Specifications | _ | Foundry sand 7A 9.0 11.0 9.5 Sand is defined throughout the in- | fiyaraulic fracturing sand. 17 2.7 2.3 dustry and by the American Society for Othr 83 8.0 11.0 10.0 
Testing and Materials (ASTM) as gran- | ——————_________ — —— ——_ ——_ 
ular rock particles that pass through a Fort 9 8TT85B 
No. 4 mesh (0.187-inch) U.S. standard 
sieve and are retained on a No. 200 So 
mesh (0.0029-inch) sieve, and are the | variably these sands, in addition to variety of specialty glasses such as op- 
result of natural disintegration or com- | being high in silica, consist mostly of | tical glass and industrial glass. 
minution of cemented rock. Industrial | quartz grains. Glass sand had to meet rigid specifi- 
sand or silica sand is the term used by | cations with respect to purity and silica 
the industry for sands that have a very | Products for Trade and Industry content, depending on the kind of glass 
high percentage of silicon dioxide Silica sand had a wide range of uses | being manufactured. Only a very small 
(SiO,), and are essential materials in | in a significant number of industries, | amount of iron oxide and chromium 
glass manufacture, in ferrous and non- | the most important being glass and | compounds could be tolerated, and a 
ferrous foundry operations, in certain | foundry. Other uses were metallurgical | high percentage of aluminum, calcium, 
chemical and metallurgical processes, | and as abrasives, as fillers, for filtra- | or magnesium oxides was undesirable. 
for hydraulic fracturing of oil and gas | tion, and for hydraulic fracturing of | The standards of the American Ce- 
deposits, and in many manufactured | rock formations to improve recovery in | ramic Society for glass sand indicated 
products as fillers or extenders. oil wells. that all grains should pass through a 

Most industrial sands have been Glass sand was used as a main con- | No. 20 mesh screen, between 40% and 
named for their specific uses; for exam- | stituent for manufacturing glass con- | 60% should be retained on a No. 60 
ple, glass, foundry, abrasive, filler, and | tainers, flat glass, safety glass, pressed | screen, between 10% and 20% ona No. 
hydraulic fracturing sands. Almost in- | and blown glass, fiberglass, and a wide | 80 screen, and not more than 5% 

TABLE 13 

TEN-YEAR STATISTICAL DATA FOR INDUSTRIAL SAND AND GRAVEL 
SOLD OR USED BY U.S. PRODUCERS, BY SELECTED END USES 

(Thousand short tons) 

End use 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Glass! 12,905 12,078 12,252 9,436 11,341 10,293 10,993 11,873 12,141 12,293 
Foundry? 9,036 9,948 7,118 6,670 7,239 5,143 5,777 36,932 7,610 37,085 
Silicon carbide 156 463 140 94 135 121 W 130 W W 
Flux for metal smelting 141 246 19] 74 97 67 46 114 117 45 
Abrasive * 1,928 1,958 2,208 1,950 2,030 1,681 1,947 71,848 2,113 52,287 
Chemicals 456 426 335 271 425 378 317 513 655 817 
Fillers 225 284 192 141 200 158 267 394 225 227 
Ceramics 148 179 226 179 184 150 198 225 280 238 
Filtration 234 249 299 102 217 345 494 433 407 310 
Traction (engine) 403 398 450 195 246 292 177 465 305 311 
Roofing granules and fillers 203 162 517 296 289 403 261 392 575 790 
Hydraulic fracturing 1,177 1,407 1,481 990 2,057 2,102 1,130 1,396 1,299 1,531 
W Withheld to avoid disclosing company proprietary data. 

' Includes container, flat, specialty, and fiber (sand and ground sand). 

2 Includes molding and core, molding and core facings (ground). 

3 Excludes molding and core facings (ground). 

4 Includes blasting, sawing and sanding (1980-82, 1984-86), and scouring cleansers (ground). 
5 Excludes scouring cleansers (ground). 
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should pass a No. 100 screen. Sand for | polishing, and sand blasting. No rigid | annually to those reporting less than 

first-quality optical glass should con- | specifications existed for these sands, but | 10,000 tons per year. Most of the pro- 

tain 99.8% SiO, and a maximum of | sound, clean, hard, and closely sized | duction came from large operations 

0.1% Al,O; and 0.02% FeO. Third- | sand grains were required. Purity and | that were mostly owned or operated by 

quality flint glass could contain only | grain-shape specifications varied with the | a small number of companies. In the 

95% SiO, and as high as 4% AI,O;. | type of abrasive action and the require- | past 10 to 15 years, there was a gradual 

Only in the low-quality amber glass was | ments of the final product. An angular | trend toward larger operations, mostly 

the content of Fe,O,; permitted to reach | particle shape with sharp cutting edges | because small plants were becoming 

1%. was generally required. less economical. The viability of small 

Most glass manufacturers established Hydraulic fracturing sand was operations was dependent on demand 

their own specifications for the physical | pumped into oil or natural gas wells as | in local markets, mining conditions, 

size and chemical purity of the raw ma- | a sand-liquid mixture to break up | and the degree of processing required 

terials that have to be met by the suppli- | petroleum-bearing formations and act | to supply the final product. 

ers of glass sand. In the past 10 years, | as a propping agent, allowing oil or gas During the past 10 years, changes 

glass manufacturers showed an increased | to move more freely toward the produc- | within the structure of the industrial 

interest in finer glass sands because proc- | ing wells. Some of the major require- | sand industry occurred, primarily caused 

essing of smaller particles required lower | ments for fracturing sands were spher- | by mergers and acquisitions, some result- 

temperatures and, therefore, reduced the | ical, well-rounded grains of clean, | ing from an influx of foreign capital, 

consumption of energy. dried, and well-screened quartz sand, | mostly from Europe. 

Foundry sands included molding | free of any materials such as feldspar, 

| sand and core sand that were used for | calcite, and clay. The most common | Geology-Resources 

casting iron-, aluminum-, and copper- | size was 20/40 mesh; other sizes in- U.S. resources of industrial sand 

base alloys. Required properties in- | cluded 6/12, 8/16, 12/20, 40/70, and | were expected to be sufficient to meet 

cluded cohesiveness sufficient to hold | 70/140, but these sands represented | domestic demand in the foreseeable 

together the mold or core when moist, | only about 15% of the total sand used | future, although their geographic dis- 

which is achieved by a bonding agent; | as proppant. “Recommended Practices tribution and quality often did not 

refractoriness to withstand the high | for Testing Sand Used in Hydraulic | match market requirements. The avail- 

temperature of the molten metal; | Fracturing Operations,” published by | ability of these reserves was controlled 

strength to resist the weight of the | the American Petroleum Institute, was | to a significant degree by land-use and/ 

metal; permeability to release vapors | used as a guide by industry. '? or environmental constraints. Reserves 

and gases generated during cooling of Ground sand or silica flour is found | of industrial sand owned or controlled 

the metal; and proper texture and com- | wide industrial application as a filler in | by domestic producers were estimated 

position to produce a smooth casting | paint, plastics, rubber, ceramics, and a | to total about 3 to 4 billion tons. 

that will not react with the metal. Most | variety of other products. Mainly be- Although industrial sand reserve 

metals were cast in “green sand,” which | cause of the diversity of its uses, no data for the rest of the world were not 

is a mixture of silica and clay, although | standard specifications existed for the available, it could be assumed, on the 

to a lesser extent, resins or oils were | silica flour used in most of these appli- basis of geologic evidence, that world 

also used as a bonding agent instead of | cations except grain size and chemical | reserves were sufficient to meet de- 

clays. In the case of naturally bonded | composition. mand, even if not always at the loca- 

foundry sands, the amount of clay Metallurgical sand was used as a | tions where needed. 

minerals present affected their useful- | fluxing agent for basic oxides in vari- Industrial sand or silica sand was 

ness. Standard tests and specifications | ous smelting operations and as a source | produced in the United States from a 

for foundry sands were published by | of silicon in ferrosilicon manufacture. | variety of geological formations rang- 

the American Foundrymen’s Society.®? | The ferrosilicon was a steel alloying | ing in age from late Precambrian to 

Refractory sands were used in the | additive. Filter sand was used exten- | mid-Tertiary. About 70 stratigraphic 

manufacture of silica brick and tile, | sively in filtering water for municipal | units were known as having an eco- 

quartzite (gannister) being the com- | and industrial use and swimming pools | nomic potential for this industry. 

monly used raw material. Required | and in sewage treatment plants. Engine | Lithologically, these deposits ranged 

properties were “the capability of | sand was used in locomotive haulage to | from quartzites, sandstones with differ- 

maintaining the desired degree of | improve traction. Other sands were | ent degrees of cementation, quartz con- 

chemical and physical identity at high | used in special cements, in manufactur- | glomerates, chert deposits, and quartz 

temperatures” and resistance to abra- | ing silica brick and tiles for furnace | pegmatites to terrace sands and gravels 

sion, impact, thermal shock, and high | linings and beds, for coal washing, and | and dune sands. Most of the high- 

level of load. Refractory silica materials | in manufacturing pottery. quality industrial sand was produced 

were classified based on their general from a few geological formations in the 

composition and on their distinctive | Industry Structure eastern United States. Oriskany sand- 

properties. Standard classifications and In 1989, 87 U.S. companies with 153 | stone, or more precisely the Ridgeley 

specifications for Silica Refractory Brick | active operations produced silica sand. | formation of Early Devonian age, was 

were published by the ASTM.’? 3 The individual industrial sand and | one important source of silica sand. It 

Abrasive sands were quartz sands used | gravel operations ranged in size from | extended from New York State to 

in stone sawing, glass grinding, metal | those producing about 1 million tons southern Virginia and eastern Ohio but 
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was being mined only in central Penn- | tic, and Middle Atlantic regions. Of the | burden or environmental limitations. sylvania, northwestern Maryland, and top five producing States that ac- | Surface mining methods and equipment northern West Virginia, where the for- | counted for about one-half of 1989 varied with the type of the geologic for- mation was thick enough to be of com- | production, three—IIlinois, Michigan, | mation, size and configuration of the mercial value. It was a hard white or- | and New Jersey—were in the East and | deposit, production Capacity, estimated thoquartzite with medium to fine, | the other two—California and Texas— life of the operation, and location of the angular and subangular, and well- | were in the West. The concentration of | deposit with respect to urban centers. sorted ‘grains. The St. Peter sandstone | the industrial sand operations in the east- | The mining methods depended primarily of Middle Ordovician age, extending | ern part of the United States resulted | on the degree of cementation of the rock, from Wisconsin and Minnesota | from the existence of high-quality geo- | but most open pit mining operations through Iowa, Illinois, and east-central | logic deposits in close proximity to the | included site clearing and removal of the Missouri, was another major source of | major consuming industries, glass and | overburden; mining of the silica rock or 
industrial sand. The best known center foundry. sand; processing of the material, includ- of production of silica sand from this ing crushing, screening, and classifica- formation was the Ottawa district of La | Technology tion; and reclamation of the extraction Salle county, IL, where it was known as area. Unconsolidated sands, such as the “Ottawa sand,” and to a lesser degree Exploration.—A large number of Cohansey of New Jersey, if below the in southern Wisconsin and east-central geologic formations with economic po- | ground water level were dredged. Much Missouri. It was a soft and poorly | tential as a source of industrial sand | of the St. Peter sandstone was first loos- cemented high-purity orthoquartzite | have been mapped and described in the | ened by light blasting and then washed with coarse, rounded grains. The weak | literature over many years and were, | down by hydraulic jets or “monitors” cement holding the silica grains to- | therefore, well known. Consequently, | into sumps, from which it was pumped gether was mostly a light-colored clay. | detailed exploration and development | to the processing plants. Harder rock In addition to the two formations | work for new industrial sand opera- | such as the Oriskany sandstone required 
just mentioned, the most important | tions was expected to occur on some of blasting and primary and secondary sources of industrial sand in the United | these formations. The qualities of a | crushing before it could be processed. States, numerous other deposits were | silica deposit necessary for a viable 
also being mined for silica sand in operation should include proper parti- Beneficiation.—Processing of mined different parts of the country, including | cle size, chemical composition, degree | silica sand required specialized opera- the Jordan sandstone of Upper Cam- | of cementation, and deposit unifor- | tions that varied considerably with the brian age in Minnesota and Wisconsin, mity. Also, the nature and amount of | nature of the deposit and the physical a primary source of hydraulic fractur- | waste material and the economic feasi- | and chemical requirements of the de- ing sand; the Raritan formation of bility of its removal and possible use or | sired product. Depending on the degree Upper Cretaceous age in central New disposal should be studied. The evalu- | of cementation, several stages of crush- Jersey and the Cohansey sand of prob- | ation of the new deposit should also | ing were necessary to achieve the de- able Miocene age in southern New Jer- | include an environmental impact study | sired size reduction. Gyratory crushers, 
sey; the Tuscarora quartzite of Lower | as required by most local or State agen- | jaw crushers, impact mills, or roll Silurian age in Pennsylvania and Vir- | cies before authorizing a new mining | crushers were used as primary or sec- ginia used for the manufacture of re- operation. ondary crushers, and smooth rolls, me- fractory bricks; the Sylvania sandstone If the raw material should prove to | dia mills, autogenous mills, high-speed of Devonian age in the Detroit area; the | meet the requirements and adequate | hammer mills, or fluid energy jet mills Oil Creek and McLish formations of | reserves are demonstrated, the develop- | were used for grinding the product Lower Ordovician age in Oklahoma, a | ment Stage of the operation could be |. down to 50 microns and finer. Dry or southwestward extension of the St. Pe- | started. Economic feasibility and mar- | wet screening was used to separate par- ter sandstone; and the Hickory sand- | keting studies should be performed by | ticles of sizes down to about 150 mi- stone of Cambrian age in central Texas analyzing all factors important for any | crons, and wet or air classifiers proc- that produced mostly hydraulic fractur- | such mining operations, including the | essed particles from 250 microns into ing sand. availability of power and water supply, | the submicron range. Vibratory screens In the west, the most important mining and processing costs and re- | and gyratory screens in addition to sources of industrial sand were the Ione quirements, the condition of nearby | mechanical, hydraulic, or air classifiers formation of Eocene age in northern | roads and highways, the proximity. of | were used, depending on the size distri- California, the Silverado (Paleocene) | rail haulage, the cost of compliance | bution required. 
and Tejon (Eocene) formations in | with local, State, and Federal regula- Research for the silica mining industry southern California, and the Eureka | tions, and the proximity and density of | related not only to new methods that quartzite of Middle Ordovician age in | local population as well as its attitude | increased output and reduced production central California. toward such a project. costs but also to health and safety prob- Approximately two-thirds of the lems as well as exploration, land manage- U.S. industrial sand or silica sand was Mining.—Most industrial sand was | ment, and reclamation. Equipment man- produced east of the Mississippi River, | mined from open quarries, but a few | ufacturers and some government especially in the industrialized areas of underground operations existed, mostly | agencies were constantly working on im- the East North Central, South Atlan- | because of an exceptionally thick over- | proving exploration, mining, and proc- 
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essing plant technology. — compete successfully and succeed in the | and noise abatement. Air pollution 

Significant technological develop- silica sand business and supply a wide | constituted a major problem in the 

ments instrumental in maintaining ad- | variety of products. Smaller, less effi- | processing plants, especially in the dry- 

equate production at relatively stable | cient operations became uneconomical | ing and packaging stages of finer prod- 

real costs were mostly in the processing | as operating costs, as well as costs | ucts like silica flour, silicosis being the 

plant technology. The use of computer- associated with meeting various Fed- | major disease that can be contracted as 

ized systems in plant operation and | eral, State, and local regulations, con- | a result of long-term exposure to silica 

quality control increased; and this, | tinued to increase. The only alterna- | dust. Because of the high cost of com- 

along with improved mining and proc- | tives they had were to either limit the | pliance with the environmental regula- 

essing equipment, permitted the recov- | range of products they supplied to tions designed to reduce this health 

ery of salable fractions that were previ- closely located markets or go out of | hazard and possible long-term liabili- 

ously considered uneconomical. business. ties associated with it, some companies 

were no longer producing silica flour or 

Recycling.—Recycling of silica sands Prices. —As a result of rapidly rising | did not plan to produce it in the future. 

was limited to some foundry sands, | costs of labor, energy, and mining and | Both wet and dry methods of dust 

particularly those used for making processing equipment, 1988 constant control were used. The most important 

cores and molds with no-bake resin- | dollar prices of industrial sand rose | water pollutant was clay in suspension 

bonded sands, some abrasive and air- | steadily between 1973 to 1983. From | as a result of washing and screening 

blasting sands, and some scrap glass | 1984 to 1989, 1988 constant dollar prices | silica sand. Because of the large quan- 

that substitutes for glass sand. Interna- | fluctuated in the 13.50 to 14.50 range. | tities of water used to process silica 

tional trends toward increased recycling | Prices should be expected to continue to | sands and the need of compliance with 

of glass and foundries sands and inno- | fluctuate although they should slowly | stringent regulations, the treatment of 

vative ideas on recycling other materi- | rise as a result of the cost of compliance | discharge water by the sand producer 

als should influence increased recycling | with more stringent environmental, land | was expected to require increasingly 

of silica products. use, and safety regulations. sophisticated and expensive processing 

. methods. Significant progress was 

Costs.—Production costs for silica | made in reducing noise pollution both 

Byproducts and Coproducts sand were determined to a large extent | inside and outside of the operations, 

Small amounts of gold and silver | by the cost of labor, equipment, energy | including noise and vibration produced 

were recovered occasionally as a by- | supply, water availability, and the addi- | by blasting and movement of heavy 

product or coproduct from some un- tional burden of compliance with envi- | trucks. 

consolidated silica sand deposits. Also, | ronmental and safety regulations. Pro- Sand producers had to obtain mining 

during the processing of some silica duction costs varied widely depending | permits from the appropriate govern- 

resources, other minerals, including | upon the nature of the geologic de- | mental agency, which sometimes also 

clays, feldspars, mica, and quartz crys- | posit, the geographic location, and the required an Environmental Impact 

tals, were produced as byproducts and | type and number of products pro- | Statement (EIS) and a reclamation plan 

coproducts. duced. Profits were relatively small for | that met its guidelines or regulations. 

most producers, total production costs | More and more emphasis was being put 

Economic Factors being close to the f.0.b. selling price per | by local communities on improving the 

Silica sand deposits are nonrenew- | ton. overall appearance of the operating 

able resources. New mining methods mines as well as on land reclamation 

combined with advances in mineral Tariffs.—There has been no tariff on | after mining was completed. At the 

processing that were introduced during imported silica sand, containing 95% | same time, industry and the communi- 

the past decade have increased the | or more SiO, and not more than 0.6% | ties had to recognize the time and costs 

number of silica deposits that can be | iron oxide, from most favored nations | required to protect the environment 

commercially developed. since January 1, 1987. For all other | and the importance of agreeing on fair 

The industrial sand industry was very | countries, the tariff for imported silica | and realistic environmental standards. 

competitive largely because silica sand | sand remains $1.94 per long ton. Many States, counties, and towns had 

is a relatively abundant mineral, with zoning laws that regulated land use. 

supply usually exceeding demand. The Depletion Provisions.—The deple- Most of the active silica sand quar- 

delivered price of the product, in addi- | tion allowance for industrial sand and | ries as well as the known deposits were 

tion to quality, was a very important | gravel was 14%. on private land, which was either 

element in any major transaction. The - owned or leased on a long-term basis 

producer with an operation closest to | Operating Factors by the producers. These deposits con- 

the market had a significant advantage tained high-quality silica sand and were 

over competitors. Combining sophisti- Environmental Requirements.—Ma- | in the best locations with respect to 

cated (and therefore expensive) process- | jor environmental considerations that | markets. Unlike the construction sand 

ing equipment backed by technical | had to be dealt with in mining and | and gravel industry, the industrial sand 

knowledge and solid sales expertise was | processing of industrial sand and gravel | industry was usually not significantly 

important. For this reason, only a small | were emission of particulate matter into | affected by increasing land values near 

number of large companies were able to | the air, discharge of processing water, | populated areas. 
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Transportation —Transportation costs | t° the Races. V. 132, No. 6, June 1989, p. 10. 1! Standard Methods for Chemical Analysis of Silica “1: 3 is, Clifford F. Silicon Nitride: The Rock Solid | Refractories. C 575-70 in 1984 Annual Book of ASTM for silica sand were often equal or con- Lewis, Clifford F. Silico : ineeri leveland, OH), v. | Standards: V. 15.01, Refractories, Manufactured Car- 
. 1 Performer. Materials Engineering (Cleveland, ) siderably greater than the cost of the 106, No. 5, pp. 30-33. bon and Graphite Products; Activated Carbon. Phila- product at the processing plant. Because «Chemical Week (New York). Glass Melting Re- | ‘lphia, PA, 1984, pp. 246-253. 

of the large variety and number of con- | search. V 145, No. 25, Dec. 20-27, 1989, p. 80. 2 cmencan laren ate tie veces 1 . ractices for rin sumers of silica sand, long-distance haul- | + argent, Ronald D. Segmented Furnaces Slash Glass Operations, 1983. 13 es 
age was not uncommon. The lar gest ton- | Melting Costs. Ceramic Industry (Solon, OH), v. 132, ° ° , 
nage, 58% of all industrial sand, was | No. 4, Apr. 1989, pp. 45-46. 
hi d b k b ©Lippman, Thomas W. Canisters of Glass Hold U.S. OTHER SOURCES OF IN FORMATION shippe y truc ecause most users : . . . tile and rapid deliver Hopes for Plutonium Waste Disposal. Washington Post ; require a versatil ap Y | (WO, Nov. 7, 1989, p. A3. Bureau of Mines Publications 
system. Substantial quantities, 34% of 7Carr, F. Housley. DOE Turns Arms Waste Into Mineral Commodity Summaries, the total, were also shipped by rail, | Glass. Engineering News Record (NY), v. 272, No. 24, annual i 1989, pp. 28-29. " especially when large volumes were sent 89, PP. . Mineral Industry Survey, annual. 
long distances. American Foundrymen’s Society. Molding Methods 

and Materials. Ist ed., 1962, Des Plaines, IL, 619 pp. Other Sources 
———_—_—_—_—— °—_. Mold & Core Test Handbook. Ist ed., 1978, Ceramics Industry Magazine. | Federal Register. U.S. Mine Safety and Health Ad- | Des Plaines, IL, 388 pp. Engineering and Mining Journal. 

ministration (Dept. Labor) Air Quality, Chemical Sub- '© American Society for Testing and Materials. Stan- Glass International Magazine. 
stances, and Respiratory Protection Standards; Pro- | dard Classification of Silica Refractory Brick. C 416-70 Industrial Minerals Magazine posed Rule. V. 54, No. 166, Aug. 29, 1989, pp. 35760- | in 1984 Annual Book of ASTM Standards: V. 15.01, ; mag . 35852. Refractories, Manufactured Carbon and Graphite Prod- Pit & Quarry Magazine. 

2 Ceramic Industry (Solon, OH). Ceramic Valves Go ucts; Activated Carbon. Philadelphia, PA, 1984, p. 140. Rock Products Magazine. 
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: By Daniel Edelstein 

Mr. Edelstein is a physical scientist (geologist) with more than 15 years of combined experience working for the Bureau of 
Mines in minerals processing research, process evaluation, and mineral commodities. He has been a commodity specialist for 
selenium, tellurium, and copper for 7 years. 

omestic demand for selenium TABLE 1 

aes enn declined in 1989 SALIENT SELENIUM AND TELLURIUM STATISTICS 
for leniura ised ‘in photo. (Kilograms of contained metal unless otherwise specified) 

receptors and tellurium used in ferroalloys. | ———-__ 
The apparent world demand for selenium | 1985 1986 1987 1988 1989 
increased, and that for tellurium remained SELENIUM 
unchanged. World demand for selenium | United States: | 
continued to be strong and stocks of refined | Production, primary refined | WwW Ww W 285,633 253,427 selenium declined. However, prices con- _ Shipments to consumers SSsS*=~*~—“‘s«SSSC<CS*i<RSW 260,838 294,672 tinued to fall from the high level exper- _ Exports, metal, waste and scrap_——_'154,122 161,007 162.217 243,096 372.126 
enced in 1987. World production and ship- _Imports for consumption ——====~=~=~=«00,658 «462,646 495,862 474,234 1417,005 
ments of tellurium were nearly balanced, "Apparent consumption, meta? =~S<N NSC:C*‘“‘«s*<C<SSSSSCOW*590,000 560 000 
and the price for refined tellurium was —~——T— OO WW _85 90,000 _560,000 
essentially unchanged throughout the year. Sek, yearend, producer? 0 WW CUMWh CMW Ww | Dealers’ price, average per pound, 

, commercial grade* $7.44 $5.70 $6.51 $9.84 $7.61 
STRATEGIC World: Refinery production "1,318,391 71,214,645 1,235,663 1,540,538 °1,553,285 

CONSIDERATIONS eo a sSd|:s«U nite States: 

Imports for consumption 33,235 30,721 26,700 76,890 542,871 
In August 1987, under contract to the Exports — — — — 72,892 

Federal Emergency Management Agency Producer price quote, yearend, 
(FEMA), ASM International convened a commercial grade $10.00 $10.00 $20.00 $35.00 $34.00 
panel of industry representatives to assess “Estimated. PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

the quality and material form of minor sCalouated ving reported shipteate, Of selenium men and estimated exports of selenium metal, excluding scrap. 1988 con- 
metals for the National Defense Stockpile. sumption was revised to exclude imports of compounds. . In their report issued in 1989, the panel “Granular selenium, a semirefined form of selenium, is included in stocks. 

recognized important specialized military | sncsdes ony unwrovgh and want anda : 
applications for high-purity selenium and 
tellurium in the manufacture of hardware 
for infrared imaging systems for night vi- 
sion and navigation systems. These applica- | emergency and thus recommended against | tional Safety and Health Administration 
tions included germanium-arsenic- stockpiling of selenium. Government | (OSHA), and the Environmental Protection 
selenium glass for infrared optical com- | stockpiles of selenium, which exceeded Agency (EPA) regulates their discharge in 
ponents and cadmium-mercury-telluride | 400,000 pounds in the 1960’s when selenium air, water, and solid wastes. The occurrence 
infrared detectors. The panel concluded | rectifiers were of significant strategic im- | and toxicity of selenium in the environment 
that domestic capacity for commercial and | portance, were liquidated by 1974)! from nonindustrial sources has been 
detector grades of tellurium was adequate reported in considerable detail. 
to meet emergency requirements, but they | ———————______ Agricultural irrigation practice in the San 
recognized a potential for an emergency | ISSUES Joaquin Valley of California and other arid 
shortage of high-purity selenium for | —————H—___—__- regions of the Western United States leach- 
strategic uses. However, owing to the ed selenium compounds from the soil. 
possibilities of conservation, the availability Selenium and tellurium and their com- | Selenium accumulated in the evaporation 
of selenium from domestic and Canadian | pounds are considered toxic in large doses. | ponds and catch basins from agricultural 
sources, and the ability to substitute other | Though there are no clear indications of drainage water. The high selenium levels 
materials in a number of metallurgical ap- | long-term systemic effects among industrial | in the water and aquatic vegetation had 
plications, the panel felt that the supply of | workers, selenium and tellurium exposure | significant detrimental effect on waterfowl 
selenium should be reasonably secure in an | is monitored and regulated by the Occupa- | nesting in these areas. 
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While selenium is toxic in high doses, | selenium processing within the Bevill ex- | tinued to drop. Most domestic selenium 

it is an essential micronutrient in the diet | clusion. However, the Notice of Proposed production was as commercial-grade 

of humans and livestock. In April 1987, the | Rulemaking (NPRM), released in material, averaging a minimum of 99.5% 

Food and Drug Administration (FDA), | September, excluded this waste stream | selenium, and available in various forms in- 

U.S. Department of Health and Human | from the list of waste streams being con- | cluding shot, powder, and lumps, or as 

Resources, published new regulations con- | ditionally retained within the Bevill exclu- | pigment-grade powder having a minimum 

cerning the use of selenium as an additive | sion. A final NPRM was required by mid- | 99.8% selenium content. There was no 

in feed for major food-producing animals. | January 19904 domestic production of high-purity 

The new regulations increased the max- A significant operating problem that has | selenium suitable for electronic 

imum allowable selenium supplementation | affected domestic selenium and tellurium | applications. 

level in complete animal feed from 0.1 to | production indirectly has been the control About 150 to 200 metric tons of selenium 

0.3 part per million, as well as proportional | of air pollution at copper smelters. As of | contained in scrap derived from the 

increases in feed and mineral supplements. | January 1988, smelters were to comply with | manufacture of photoconductor drums and 

Five organizations subsequently filed | the ultimate control standards for sulfur | from used photoreceptor drums was ex- 

objections to the 1987 amendments over | dioxide emissions as stated in the 1977 | ported for processing. There was no 

concern that the environmental impact had | amendments to the Clean Air Act of 1970. domestic production of secondary 

not been adequately addressed. The | ASARCO Incorporated decided not to | selenium. | 

organizations contended that the new limits | retrofit its Tacoma, WA, smelter with the Domestic production of refined tellurium 

increased the potential for bioaccumulation | necessary engineering controls to bring it | declined markedly during 1989 in response 

or concentration of selenium, thereby | into compliance with arsenic and sulfur | to a decline in domestic demand. Stocks 

creating potential environmental problems, | dioxide emissions regulations, and in 1985 | of semirefined feedstock rose slightly from 

particularly in aquatic ecosystems. In July | closed the smelter. Owing to the high | the low level established in 1988. 

1989 FDA published its analysis of the ob- | arsenic content of the ores, the Tacoma 

jections to the 1987 rule and invited writ- | smelter was the only domestic smelter | — @ O2———___ 

ten comments on its analysis.” capable of processing high-selenium- CONSUMPTION AND USES 

| In May 1989 EPA reproposed maximum | tellurium concentrates imported from the | 

contaminant level goals (MCLGs) and | Philippines. Closure of several other non- 

National Primary Drinking Water Stan- | compliance primary domestic copper Selenium demand by end use can be 

dards (NPDWRs) for 38 chemicals in- | smelters further reduced smelting capaci- | divided broadly into five applications: elec- 

cluding selenium. EPA first proposed new | ty. Consequently, the United States has | tronics (includes photoconductor uses), 

standards in 1985. The MCLG for selenium | become a net exporter of copper concen- | glass and ceramics manufacturing, 

of 0.05 milligram per liter, unchanged from | trates, which effectively reduces the poten- | pigments, chemicals, and metallurgical. In 

the new standard proposed in 1985, was | tial domestic recovery of byproduct | electronics, the largest end-use market, 

five times greater than the existing 0.01 | selenium and tellurium. high-purity selenium was used principally 

milligram per liter standard. In proposing as a photoconductor on the drums of plain 

the new standard, EPA recognized that | —————————__——————____ "=| Paper copiers. Other electronics uses in- 

selenium was an essential micronutrient | PRODUCTION clude rectifier and photoelectric applica- 

and that a standard below the proposed | —————~~—————_—_—__ | tions. In glass manufacturing, selenium was 

level might result in selenium deficiency in used principally as a decolorant to compen- 

the human diet. EPA believed that the pro- Primary selenium was recovered in the | sate for the yellow-green tint imparted by 

posed standard would adequately balance | United States at three electrolytic copper | ferrous ions. Selenium was also used to 

the potential deficiency and toxicity effects | refineries: Asarco at Amarillo, TX; Phelps | reduce solar heat transmission in architec- 

of selenium, Dodge Refining Corp. at El Paso, TX; and | tural plate glass. Cadmium sulfoselenide 

According to the Bevill Amendment to | Rio Tinto Zinc Corp. Ltd. (formerly BP | red pigments have good heat stability and 

the Resource Conservation and Recovery | Minerals America Corp.) at its Kennecott | are used in ceramics and plastics. 

Act (RCRA) solid wastes from the extrac- | refinery at Magna, UT. Commercial-grade Chemical uses of selenium included in- 

tion, beneficiation, and processing of ores | tellurium metal and tellurium dioxide were dustrial, pharmaceutical, agricultural, and 

and minerals were exempted from regula- | produced by Asarco. Selenium-and | biological uses, such as rubber compoun- 

tion as hazardous waste under Subtitle C | tellurium-containing anode slimes or | ding chemicals, gun bluing, catalysts, an- 

of RCRA, pending completion of certain | residues generated at other domestic | tidandruff shampoos, animal feed sup- 

studies by EPA. In 1980, EPA interpreted | primary copper refineries were exported | plements, and vitamin supplements for 

this exemption, on a temporary basis, to | for processing. humans. In metallurgical applications, 

include all solid wastes from exploration, Domestic production of refined selenium | selenium was added to steel, copper, and 

mining, milling, smelting, and refining of | declined despite an increase in primary | lead alloys to improve machinability and 

ores and minerals. However, in July 1988, | refined copper production. In the United | casting and forming properties. 

a Federal Court of Appeals, directed EPA | States most of the increase in refined cop- Domestic demand for selenium in 1989 

to confine the exclusion to only those | per production was from solvent extrac- | declined slightly from that of 1989 owing 

special wastes that met certain high-volume | tion/electrowinning, which precluded | to a decline in photoreceptor demand and 

and low-hazard criteria. A list published | recovery of selenium. Domestic shipments | to weakness in the automotive industry. De- 

by EPA in April 1989, conditionally retain- | of selenium continued to outstrip produc- mand for selenium by end use was 

ed process wastewater from primary | tion, and stocks of refined selenium con- | estimated as follows: Electronics, 35%; 
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pigments and chemicals, 20%; glass | nium. Significant premiums were charged According to ABMS shipment data, 
manufacturing, 25%; and other, including | for higher purity forms of selenium. world demand for refined tellurium remain- 
agriculture and metallurgy, 20%. The price for commercial-grade | ed at about the same level as in 1988 despite 

Tellurium was used principally as an | tellurium metal remained at or near the | the large decline in U.S. apparent consump- 
alloying element in the production of free- | high price established during 1988, more | tion. Supply and demand were balanced 
machining low-carbon steels, where addi- | than triple the 1986 price. The yearend | and reported world inventories were essen- 
tions of up to 0.1% tellurium, usually in | price quote for tellurium by the only | tially unchanged. 
conjunction with lead, greatly improve | domestic producer was $34 per pound. 
machinability. Similarly, the addition of Capacity 
tellurium to copper and other nonferrous | ———TTT7Y7T___-__—_ In the past 5 ual world selen; 
alloys improves their machinability, FOREIGN TRADE od © past 2 years, ann edb bout 200 
Strength, and corrosion resistance. |~ ~~ —S—CSTO:«SX*F+Txw“ PP’ meh ey  telle . bya ut 

| Tellurium catalysts were used chiefly for Im f selenj tal b tons, while that for tellurium remained oxidation of organic compounds, but were ports of se enium metal were at about stable, or could have declined. In North 
also used in hydrogenation, halogenation the same level as in 1988. Though Canada | America, selenium production and capaci- 
and chlorination reac tions. Tellurium remained the largest source of imports, | ty increased, while that for tellurium 
chemicals were used as curing and ac- Canadian imports declined by about 37%. | decreased. In the United States, closure of 
celerating agents in rubber compounding. Exports of selenium metal, waste, and | AMAX Copper Inc.’s selenium and 
Electronic semiconductor applications for scrap rose by over 50%. It is believed that tellurium refinery in New Jersey was 
high-purity tellurium included its use with between 200 and 250 tons of that material | balanced by the opening of the new Phelps 
selenium as a photoconductor in plain were either scrap materials for reprocess- | Dodge Corp. selenium refinery at El Paso, 
paper copiers, as an infrared sensing ing, or unrefined anode slimes or residues. | TX. In 1987, BP Minerals America Corp. 
material in mercury-cadmium-tellurium Under the Harmonized Tariff System reopened its Bingham Canyon operations 
(MCT) thermal imaging devices, and in (HTS) adopted in 1989, imports of sodium | and associated copper/selenium/precious 
thermoelectric and photoelectric devices selenite and other selenium compounds metals refinery, which had been shuttered 

Apparent domestic demand for tellurium were no longer distinct categories. Similar- | since 1985. In Canada, Noranda commis- 
and its compounds, as calculated from pro- ly, imports of tellurium compounds and | sioned a new anode slimes treatment plant 
duction. trade an d stock data. declined Salts were no longer distinguishable. in 1988. Canadian production of tellurium 
marke dly. The decrease in apparent de- Though imports of unwrought tellurium, declined when the tellurium-rich Horne 
mand was largely attributed to reduced waste, and scrap, were included with im- | mine closed in 1987. 
shipments to manufacturers of free- ports of boron metal under the HTS, im- In Asia, the Philippines began recover- 
machining steels. A drawdown of ports of boron were thought to be | ing selenium in 1984 at the new Philippine 
unreported merchant and consumer inven- negligible. Associated Smelter and Refining Corp. 
tories, which had been accumulated dur- | __ (PASAR) copper smelter/refinery. Prior to 
ing 1988, was believed to account for some WORLD REVIEW Oe ad ee conce Ona eeiee rted to ne of the fall-off in calculated demand. | ——— JOR SOURCE © 
Substitution of other free-machining alloys eae and uum. HOWeNETs wee 
may have been stimulated by the high price World production of refined selenium F tell wae fre th  PASAR « Pr 1 enon 
of tellurium and environmental concerns | was at about the same level as in 1988, | % © ted “Tn om me al R sme 1 of 
over lead, which is used in conjunction | Despite a decline in apparent demand in Moril b tn vlluriun, di id 
with tellurium in some free-machining | the United States, world demand for refin- in 1084 dg Pr ondary s elenium. ona toll 
alloys. ed selenium rose slightly and continued to basis j ? 1987. In 1989 it ; ion ed 

In 1989 iron and steel products remain- | outstrip production. According to data jectroy Soe tt  orodtice t "3 
ed the largest end use, followed by nonfer- | compiled by the American Bureau of Metal | “© of teller circu tal produce ih "hh | 
rous metals, chemicals, and other uses. | Statistics (ABMS), inventories of refined fons of telurium mela Per monti. i 

selenium held by reporting companies Europe, Metallurgie Hoboken-Overpelt 
—_—_—______——————_—__ | declined by about 225 tons. However, at the (MHO ) comp leted ©xXpansion of its 
PRICES prevailing rate of consumption, yearend in- Se oan at its Hoboken OPE Ae 
—_——.-7+S_J_—!"—————— | ventories of selenium still constituted | CUS - Lapacity ot the retinery, almost a 6-month supply. which processed slimes generated at the 

. . . Olin refinery, increased from 260 tons per The merchant price for commercial- | According to ABMS shipment data for ear to 360 tons per vear 
grade refined selenium, quoted by Metals | Market economy countries, the United | Per year. 
Week on a weekly basis, continued to | States was the largest recipient of selenium, |. = sss—i(‘(‘;:s:s~S~SCS 
decline during the first 6 months of 1989 | followed by the United Kingdom, Japan, | CURRENT RESEARCH 
before stabilizing during the third quarter | the Netherlands, Belgium, and China. | ——— 
at $6.50 to $7.00 per pound. Prices had | Combined, these countries accounted for 
peaked during the first half of 1988 at about | about 82% of shipments. However, in addi- The Fourth International Symposium on 
$11.00 per pound. The price decline occur- | tion to these shipments, China was believ- | Uses of Selenium and Tellurium was held 
red despite continued strong world demand | ¢d to consume about 125 tons per year of | on May 8-10 in Banff, Alberta, Canada. 
for selenium and an almost 30% decline | domestically produced selenium, making | More than 60 papers were presented cover- 
in reported world stocks of refined sele- | it the fourth largest world consumer. ing environmental health and safety, 
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TABLE 2 

U.S. EXPORTS OF SELENIUM METAL, WASTE, AND SCRAP, 

BY COUNTRY 

I a 
1987 1988 1989! 

Quantity Quantity Quantity 

Country aban Value ahaa Value ee Value 

selenium) selenium) selenium) 

. Argentina 998 $10,704 | — — — — 

Belgium 17,941 140,504 48,299 $365,430 40,650 $658 ,524 

Benin } - — _— — 3,614 57,760 

Brazil 59 3,250 — _— 362 22,640 

Canada 2,772 44,307 2,110 54,872 9,766 161,518 

Chile — — — — 2,040 = —- 29,908 

China — 1,955 28,290 — — — — 

Colombia | — — 5,987 129,809 4,000 52,720 

France | 1,159 18,526 6,966 111,358 — — 

Germany, Federal Republic of — — 23,788 468,050 7,570 81,589 

India — — 200 6,600 4,186 66,910 

Italy 299 4,290 299 4,290 507 5,282 

Japan | 34,611 270,252 27,746 347,881 86,839 322,632 

Korea, Republic of 1,031 21,662 4,049 64,717 998 29,887 

Malaysia — — 2,654 42,426 — _ 

Mexico 30,385 462,450 10,113 161,641 35,921 304,199 

Netherlands 7,484 83,160 26,090 452,636 57,308 730,817 

Philippines 9,072 6,000 — — — — 

Senegal — — — — 1,664 22,130 

Sierra Leone — — — — 11,035 21,749 

Singapore — — — — 30,623 417,150 

Spain 1,014 12,258 427 5,158 1,044 12,461 

Tanzania — — — — 4,097 65,480 

Uganda — — — — 2,891 46,200 

United Kingdom 51,246 546,020 79,879 926,756 47,610 235,759 

Venezuela 1,814 28,987 412 6,593 — — 

Zaire — — — — 16,808 44,973 

Other 377 5,520 4,077 49,107 2,593 39,136 

Total 162,217 1,686,180 243 ,096 3,197,324 372,126 3,429,424 

1Under the Harmonized Tariff System begun in Jan. 1989, this category is listed as *‘selenium.”’ 

Source: Bureau of the Census. 

photoelectric and photovoltaic applications, | copper have increased by more than 10%. | nium refineries, lacking the economic in- 

catalysis, biology and nutrition, chemical | Factors leading to a disparity between cop- | centive to recover selenium, may stockpile 

technology, and agricultural applications.’ | per production and refined selenium pro- | crude selenium intermediates for future 

duction include an increasing production | refining or may bypass selenium recovery 

oof refined copper by electrowinning, which | circuits altogether. 

OUTLOOK precludes selenium recovery, and shut- | The Bureau of Mines forecasts a signifi- 

__ | downs of mines having a high selenium | cant increase in copper mine capacity for 

content in their ores. Perhaps the most im- | the next 5 years. However, as noted above, 

World production of refined selenium has | portant factors leading to the disparity selenium production over a 10-year period 

fluctuated greatly over the past 10 years. | between copper and selenium production | has remained flat and has not followed the 

However, the overall trend has been flat, | trends, have been the effects of selenium | upward trend in copper production. If this 

with production over the 10 years averag- | price and demand on the rate of recovery trend in selenium production continues, 

ing about 1,500 tons per year. Meanwhile, | of selenium from slimes. During times of | and demand remains at the high level of the 

world mine and refinery production of | weak prices and stagnant demand, sele- | past 2 years, the current production deficit 
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TABLE 3 

U.S. IMPORTS FOR CONSUMPTION OF SELENIUM, BY CLASS AND COUNTRY! 

TT 987—OSSSOSOS*~CS~S~SSSBBS ggg 
Quantity Quantity Quantity 

ograms, ograms, ograms, 
CIass and country \coneined Value \sonnined Value “connined Value 

selenium) selenium) selenium) 

Unwrought and waste and scrap:? 

Belgium 94,477 $2,649,893 66,197 $2,087,313 73,654 $2,234,265 
Canada 136,621 - 2,784,833 163,066 4,226,140 102,507 2,368,336 
China 4,475 47,503 — — 2,000 4,761 
Finland: 1,000 13,302 2,296 45,958 — — 
Germany, Federal Republic of 1,940 25,767 2,000 38,327 10,566 274,700 
Hong Kong — — — — 2,268 78,600 
Japan 85,657 1,759,989 57,358 1,456,867 65,266 1,517,688 
Korea, Republic of 1,500 13,524 1,000 14,881 12,514 188,780. 
Netherlands — — 2,296 49,386 6,940 106,960 
Peru — — 475 9,270 — — 
Philippines 12,000 111,667 18,275 291,962 12,910 143,243 
Spain — — — — 10 1,070 
Sweden — — 50 1,709 — — 
United Kingdom 76,379 1,245,330 100,854 1,640,007 69,631 1,173,918 
Venezuela — — — — 920 10,103 
Yugoslavia 20,000 153,657 — — 40,320 491,760 

Total 434,049 8,805,465 - 413,867 9,861,820 399,506 8,594,184 

Selenium dioxide: 

Belgium — — — — 1,241 40,730 
Canada — — 8 1,491 — — 
Germany, Federal Republic of 3,594 70,990 9,791 271,507 6,296 109,263 
India — — — — 229 3,650 
Japan 6,227 138,782 — —. — — 
United Kingdom 1,314 | 29,724 1,527 54,250 9,823 186,431 

Total? 11,135 239,496 11,325 327,248 17,589 340,074 

Selenium salts: 

France 46 1,233 — _— — — 
United Kingdom 300 7,677 125 5,325 — — 

Total 346 8,910 125 5,325 NA NA 

Sodium selenite: 

Belgium 230 3,550 2,300 58,825 — — 
Canada 345 8,454 4,600 144,119 — — 
Germany, Federal Republic of 19,734 259,174 . 19,819 61,619 — — 
Japan 414 35,260 184 19,798 — — 
United Kingdom 26,640 597,024 13,708 402,691 — — 

Total? 47,363 — 905,462 40,610 687,052 NA NA 

Other selenium compounds: 

Belgium 464 35,478 324 24,444 — — 
Canada 48 2,400 — — — — 
Germany, Federal Republic of 250 5,324 22 2,225 — — 
Italy — — 12 1,238 — — 
Japan — — 3 4,027 — — 
Sweden 264 6,296 — —_— — — 
United Kingdom 1,943 99,668 7,946 226,418 — — 

Total 2,969 149,166 8,307 258,352 NA NA 

Grand total 495,862 10,108,499 474,234 11,139,797 NA NA 
NA Not available. 

"Because of implementation of the Harmonized Tariff System in Jan. 1989, import and export categories for 1989 are not necessarily comparable to those of previous years. 
*Listed as ‘‘selenium’’ under the Harmonized Tariff System. 

*Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census, figures adjusted by the Bureau of Mines. 
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TABLE 4 

U.S. IMPORTS FOR CONSUMPTION OF TELLURIUM, BY CLASS AND COUNTRY’ 

a 
1987 1988 1989 

Class and count Gross weight Gross weight Gross weight 
y (kilograms ) Value (kilograms) Value (kilograms) Value 

Unwrought and waste and scrap:? | 

Australia — oo — — 8,030 $256,379 

Belgium 1,041 $32,401 1,246 $73,622 5,485 463,840 

Canada 4,525 463,462 5,966 543,787 : 10,637 1,117,746 

Germany, Federal Republic of 5 1,441 6 3,080 3,904 442,614 

Hong Kong — — . 321 13,760 _— — 

Japan 347 38,149 15,044 705,514 1,802 209,261 

Mexico — — 1,500 78,540 699 40,874 

Netherlands . — — 1,000 42,108 3,604 241,229 

Philippines — | — 13,700 302,033 240 15,121 

United Kingdom 2,962 72,904 13,419 626,424 _8,470 462,036 

Total 8,880 608,357 52,202 2,388,868 42,871 3,249,100 

Compounds: | a 

Canada (3) 1,879 1,416 71,688 — — 

Germany, Federal Republic of 133 6,463 10,706 107,605 — — 

Japan 188 9,743 200 10,821 — — 

Netherlands — — 1,901 22,661 — — 

Switzerland 7 1,633 - 42 7,577 — — 

United Kingdom 932 114,192 645 37,564 = — 

Total 1,260 133,910 14,910 257,916 NA NA 

Salts: 

Germany, Federal Republic of | 16,550 -64,238 9,778 41,732 — — 

United Kingdom 10 1,355 = — = — 

Total 16,560 65,593 9,718 41,732 __NA NA 

Grand total 26,700 807,860 76,890 2,688,516 NA NA 

NA Not available. 

1Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export categories for 1989 are not necessarily comparable to those of previous years. 

2Listed as ‘‘tellurium’’ under the Harmonized Tariff System, and grouped together with boron. However, imports of boron are thought to be very small relative to tellurium. 

3Less than 1/2 unit. 

for selenium will continue. This trend | discouraged recovery of tellurium. The | substitution of alternative materials. If new 

could be reversed if demand weakens, or | closing in 1985 of Asarco’s Tacoma smelter, | thin-film technologies stimulate the de- 

if higher prices, brought about by declin- | which had processed high-tellurium Philip- | mand for tellurium in electronic applica- 

ing stocks, stimulate increased recovery | pine concentrates, significantly reduced the | tions such as solar energy conversion or 

rates for both primary and secondary | tellurium content of the company’s anode thermoelectric power generation, supply 

selenium. slimes, and hence its tellurium recovery. | pressures could increase. Though no 

Data on demand for and production of | Production of tellurium by Noranda in | significant new tellurium capacity was ex- 

tellurium are incomplete. However, | Canada has fallen to about 20% of the 1978 | pected, additional resources, such as the 

available data indicate that market economy | level, owing to a drop in the tellurium con- | gold telluride ores found in Fiji and Col- 

country demand over the past 5 years has | tent of its ores. By 1986, the supply of | orado, are potential new sources of 

been comparatively stable, averaging about | tellurium had fallen short of the demand, | tellurium. 

220 tons per year. Demand peaked in the | and by the end of 1987 stocks of crude and 

1978-1979 period at about 400 tons per year, | refined tellurium were sufficiently low to 

stimulated by a short-lived demand for | precipitate a 350% price rise. ‘Assessment of Quality and Material Form of Minor Metals 

tellurium catalysts by a North America pro- The near-term outlook is for the con- | for the National Defense Stockpile. ASM International panel, 

ducer of ethylene glycol. tinued tight balance between the supply and | ASM International, Metals Park, OH, 1988, 27 pp. 

World production of refined tellurium, | demand for tellurium. The high price for | _ “Federal Register. Selenium Environmental Impact; Op- 

according to ABMS data, has trended | tellurium was expected to moderate the Poe pone Comment. V. 54, No. 131, July Il, 1989, Pp. 

downward. Excess supply following the de- | future demand for tellurium in traditional 3 National Primary and Secondary Drinking Water, 

mand turndown depressed prices and | metallurgical applications and stimulate the | Regulations. V. 54, No. 9, May 22, 1989, pp. 22062-22151. 
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“Federal Register. Mining Waste Exclusion and Definition of TABLE 5 
Designated Facility; Proposed Rule. V. 54, No. 184, Sept. 25, 1989, 
pp. 39298-39318, U.S. SELENIUM AND TELLURIUM IMPORT DUTIES SCarapella, S. C., ed. Proceedings of the Fourth International Sym- 
posium on Uses of Selenium and Tellurium, May 7-10, 1989. Selenium- Most favored nation (MFN)ONOm-MEN Tellurium Development Assoc. Inc., Darien, CT, 1989. “ee ost favored nation on- Tariff item Number Jan. 1, 1990 Jan. 1, 1990 Ee a ED OTHER SOURCES OF INFORMATION | Selenium 2804.90.0000 Free Free B F Mi Publicati Selenium dioxide 2811.29.2000 Free Free ureau 0 ines Cations Tellurium RM . . . . Tellurium 2804.50.0000 Free 25.0% ad val. Selenium and Tellurium. Chs. in Mineral OT 

A Commodity Summaries, annual 
Selenium and Tellurium. Chs. in Mineral 
Facts and Problems, 1985. 

Selenium and Tellurium. Chs. in Nonferrous TABLE 6 
Metal Prices in the United States Through PRINCIPAL MARKET ECONOMY COUNTRY PRODUCERS OF 1988. SELENIUM AND TELLURIUM AND ANNUAL CAPACITY, _ Other Sources DECEMBER 31, 1989 

American Bureau of Metal Statistics, Inc. , (Metric tons) 
Non-Ferrous Metal Data. 

ay capacity . . . 
rimary capaci The Bulletin of Selenium-Tellurium Develop- Continent and country Company ——arsrsesvy | ment Assoc., Inc., Darien, CT. 

Selenium — Tellurium : Nek Metal Bulletin North America: | Roskill Information Services Ltd., London. Canada Noranda Mines Ltd. 1400 40 
| INCO Ltd. 50 20 

Mexico Cobre de Mexico S.A. 45 — 
ae =—_ — 

United States ASARCO Incorporated W WwW 
| Kennecott, Utah Copper Corp. W — 

Phelps Dodge Corp. vw — 
Total U.S. 400 WwW See 

South America: 

Brazil Cariaba Metais S.A. Industria e Comercio 20 — 
Chile Empresa Nacional de Mineria 40 — OO rE 
Peru Empresa Minera del Centro del Peru 20 20 — En eee eee NT 

Europe: 

Belgium Metallurgie Hoboken-Overpelt S.A. '360 100 OO ee eee 
Finland Outokumpu Oy 90 — 

ene 

Sweden Boliden Metall AB. 70 — 
Yugoslavia Rudarsko Topionicarski Bazen Bor 50 — 

Africa: Zambia Zambia Consolidated Copper Mines Ltd. 25 — | FF ee eS 
Asia: 

Japan Mitsubishi Metal Corp. 250 60 
Mitsui Mining and Smelting Co. Ltd. 100 15 
Nippon Mining Co. Ltd. 120 15 
Sumitomo Metal Mining Co. Ltd. 70 10 

Philippines International Recoveries Inc. (2) 3100 
Philippine Associated Smelting and 
Refining Corp. 70 — 

Grand total (rounded) 2,200 WwW 
W Withheld to avoid disclosing company proprietary data. 
Includes secondary capacity. 

Secondary selenium capacity is about 100 tons per year. 

>Tellurium dioxide and tellurium metal; tellurium content. 
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TABLE 7 
1 

SELENIUM: WORLD REFINERY PRODUCTION, BY COUNTRY . 

(Kilograms, contained selenium) 

a 

Country? 1985 1986 1987 1988? 1989° 
a Ie 

Belgium® 230,000 250,000 230,000 250,000 250,000 

Canada? 361,000 345,000 300,000 321,000 4363,000, 

Chile 50,037 47,000 45,909 47,051 47,000 

Finland 14,038 5,693 “10,000 28,935 25,000 

India 4,850 “4,800 4,026 * 4,100 4,200 

Japan 496,835 426,567 481,109 471,020 4470,658 

Mexico 42,000 23,000 29,000 13,000 20,000 

Peru 14,506 12,035 11,438 4,937 5,000 

Sweden 46,000 24,000 31,000 30,000 30,000 

United States WwW WwW W 285,600 4253 ,427 

Yugoslavia 43,720 54,400 66,362 60,812 60,000 

Zambia* “15,405 "22,150 26,819 24,083 25,000 

Total “1,318,391 “1,214,645 1,235,663 1,540,538 1,553,285 

Estimated. PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in ‘‘Total.”” 

‘Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper ores, copper concen- 

trates, blister copper and/or refinery residues, but did not recover refined selenium from these materials indigenously, were excluded to 

avoid double counting. Table includes data available through May 25, 1990. 

2In addition to the countries listed, Australia, the Federal Republic of Germany, and the U.S.S.R. produced refined selenium, but output 

is not reported, and available information is inadequate for formulation of reliable estimates of output levels. Australia is known to pro- 

duce selenium in intermediate metallurgical products and has facilities to produce elemental selenium. In addition to having facilities for 

processing imported anode slimes for the recovery of selenium and precious metals, the United Kingdom has facilities for processing 

selenium scrap. 

3The 1985 refinery output is from all sources including imported materials and secondary sources; 1986-89 excludes secondary 

production. 

‘Reported figure. 

SData for fiscal year beginning Apr. 1 of year stated. In addition to refined selenium metal produced domestically as shown, Zambia is 

believed to have exported anode slimes from electrolytic copper production that have been estimated to additionally contain more than 

30,000 kilograms per year of selenium. 

TABLE 8 

1 

TELLURIUM: WORLD REFINERY PRODUCTION, BY COUNTRY 

(Kilograms, contained tellurium) 

On 

Country” 1985 1986 1987 1988? 1989° 
a 

Canada? 19,000 20,000 13,000 19,000 49,000 

Japan 85,600 55,600 53,305 55181 OS 
Peru 15,007 9,836 7,457 4,078 5,000 

United Sates OW WW CML 
“Estimated. PPreliminary. W Withheld to avoid disclosing company proprietary data. 

‘Insofar as possible, data relate to refinery output only; thus, countries that produced tellurium contained in copper ores, copper concen- 

trates, blister copper, and/or refinery residues, but did not recover refined tellurium, are excluded to avoid double counting. Table is not 

totaled because of the exclusion of data from major world producers, notably Belgium, the U.S.S.R., and the United States. Table in- 

cludes data available through May 31, 1990. 

2In addition to the countries listed, Australia, Belgium, the Federal Republic of Germany, and the U.S.S.R. are known to produce refin- 

ed tellurium, but output is not reported, and available information is inadequate for formulation of reliable estimates of output levels. 

Morever, the other major copper-refining nations such as Chile and Zambia may produce refined tellurium, but output in these nations is 

conjectural. 

3For 1985, refinery output from all sources, including imports and secondary sources; for 1986 onward, primary recoverable output. 

“Reported figure. 
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By Joseph Gambogi 

Mr. Gambogi, a physical scientist with more than 7 years of Government and industry experience, has been the commodity 
specialist for silicon since 1988. Domestic survey data and trade data were prepared by Ms. Robin Johnson, Mineral Data | 
Assistant in the Branch of Data Collection and Coordination. 

or most of 1989, demand for | producers. The study estimated the leg- | sential role in electronic devices for mili- 
; silicon products remained near | islation proposed would increase the av- tary and commercial applications. In 

the high levels reached in 1988. | erage cost of production from 2 to 4.5 | 1989, the United States was one of the 
However, a reactivation of idle | cents per pound of contained silicon | world’s leaders in semiconductor device 

Capacity, combined with new global ca- | metal. At yearend, a resolution regarding | manufacture. However, portions of the 
pacity, resulted in an oversupply of sili- | this legislation had not been reached.! domestic semiconductor market were 
con materials. Prices that had reached Under Title III provisions of the | dominated by imports. An area of signif- 
record highs in 1988 decreased signifi- | Defense Production Act, the Air Force | icant concern was the domestic capabil- 
cantly. Consequently, production cut- | System Command awarded two con- ity to produce infrared (IR) detector- 
backs were scheduled by several domestic | tracts totaling more than $33 million to | grade silicon metal. IR detector-grade 
producers in the second half of 1989. encourage development of commercial | silicon was used by the Department of 

suppliers of metal matrix composites | Defense for the manufacture of devices 
——___—_—____________________ | (MMC). The contracts were awarded to | that guide highly advanced weapons. IR 
LEGISLATION AND Advanced Composite Materials Corp., | materials also served numerous functions 

Greer, SC, and DWA Composite Spe- | as part of satellite surveillance systems. 
GOVERNMENT PROGRAMS cialties Corp., Chatsworth, CA. The | Nevertheless, these materials were ob- 

| Air Force indicated the goal of the | tained almost exclusively from foreign 
Several proposals were introduced in | program was to make MMC materials | sources in 1989. 

the 101st Congress that would limit the | “market competitive.” ? Aluminum ma- 
amount of sulfur dioxide emissions from | trix composites with silicon carbide fiber ee 
coal-based power utilities. The Bureau of | reinforcement appeared to show the | PRODUCTION 
Mines conducted a study to determine | most promise for achieving this goal. OT I 
the possible effects of these proposals on 
the minerals industry. The study found | esses Overall gross production and ship- 
that, if passed into law, significant cost STRATEGIC ments of silicon containing products 
increases could be incurred by certain CONSIDERATIONS were comparable to those of 1988. 
utilities. These costs would in turn be | ———_ Overall production increased 4% while 
passed along to their consumers, which shipments were nearly unchanged. 
included several silicon and ferrosilicon Silicon semiconductors played an es- | However, production and shipments of 

TABLE 1 | 

PRODUCTION, SHIPMENTS, AND STOCKS OF SILVERY PIG IRON , FERROSILICON, 
AND SILICON METAL IN THE UNITED STATES IN 1989 

(Short tons, gross weight, unless otherwise specified) 

Silicon content Producers’ Producers’ 

Mater oat, protuclon angina Range Typical 1988" 1989 
Silvery pig iron 5-24 18 | W W W Ww 
Ferrosilicon 25-55 48 51,687 377,974 294,521 60,841 

Do. 56-95 76 13,948 137,593 110,143 22,692 
Silicon metal (excluding 
semiconductor grades) 96-99 98 6,875 154,268 146,573 9,666 

Miscellaneous silicon alloys 
(excluding silicomanganese) 32-65 — 15,111 90,561 77,309 22,293 

"Revised. W Withheld to avoid disclosing company proprietary data. 
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certain products changed significantly. | Island, WA, with the construction of a | pleted. Late in the year, Elkem Metals 

The most significant change occurred | new chemical lab. The new facility al- announced plans to shut down one of 

in production and shipments of 75%- | lowed the company to perform detailed | two furnaces at its Ashtabula, OH plant. 

grade ferrosilicon. Shipments of this | analyses of silicon metal. This type of Several companies made plans late in 

product rose 28% while production | analysis was essential for Silicon Met- | 1989 for reducing output of silicon 

rose 56% compared to that of 1988. | altech to produce chemical-grade sili- | products during 1990. Among these 

Producer stocks of silicon-containing | con metal. companies, SKW Alloys Inc. planned 

material rose 32% overall. Estimated Cominco American Resources Inc. | to shut down one of two 35-MV°A 

ferrous scrap consumption was 275,000 | rekindled an idle ferrosilicon furnace at | ferrosilicon furnaces at its Calvert City, 

tons in 1989. its Glenbrook Ferronickel Operations | KY, plant. Meanwhile, Globe Metallur- 

Globe Metallurgical Inc., Beverly, | where ferrosilicon was consumed in the | gical also planned to shut down indi- 

OH, purchased Materials & Methods | ferronickel process. The company re- | vidual furnaces for maintenance during 

Ltd., Reigate, England. Materials & | ported some of the furnace’s 18,000 | 1990. 

Methods held several patented processes | short tons per year (tpy) of capacity Monsanto Electronics Materials Co. 

used to produce foundry ductile iron. | was intended for commercial sales. For | (MEMC) was sold to Huels AG of the 

Many of these processes used silicon | most of the year, Cominco American | Federal Republic of Germany. MEMC 

ferroalloys, which Globe produced at its | Resources was a wholly owned subsid- | was the last major domestic silicon wafer 

operations in the United States. This was | iary of Cominco Resources Interna- | producer catering to independent chip | 

Globe’s first major acquisition since its | tional Ltd. and USA Investments. How- | makers. All other major producers made 

management buyout in 1987. By mid- | ever, Cominco International purchased | wafers for their own chip production.°® 

year, Globe terminated its 34-year-old | the remaining Cominco American inter- 

relationship with its sales representatives, | est late in 1989.4 a 

Pickands Mather & Co., to form an In September, American Alloys Inc. | CONSUMPTION AND USES 

internal sales force. Late in 1989, Globe | began production of silicon metal at its | 

shut down one of its 13-megavolt- | New Haven, WV, plant. The new furnace 

amphere (MV°A) ferrosilicon furnaces | was reported to be capable of producing Apparent consumption (demand) of 

for repair. 6,000 tpy of contained metal. The fur- silicon-containing ferroalloys and sili- 

Following a financial reorganization | nace represented the first new addition to | con metal decreased 5% compared with 

in 1988, Simetco Inc., Montgomery, | the company, which was formed in a | that of 1988. The continued strong 

AL, bought Quadracast Inc., and its | management buyout of Foote Minerals | demand reflected high production lev- 

Harrison Handling Division. Quadra- | Co. in 1987.° | els in the aluminum, iron and steel, and 

cast specialized in metals fabrication. In June, Elkem Metals Co. tempo- | silicon-base chemical industries. Spe- 

Harrison built patented belt conveyors | rarily idled a ferrosilicon furnace at | cifically, consumption of silicon metal 

and other equipment used in the min- | Ashtabula, OH, after a burnthrough in | decreased 11% while ferrosilicon appli- 

ing industry. the furnace lining. The furnace was | cations decreased 2%. The aluminum 

Silicon Metaltech Inc., Wenatchee, | brought back on-line in October after | industry used silicon metal in the pro- 

WA, expanded its operations in Rock | maintenance repairs had been com- | duction of wrought and cast products 

while ferrosilicon was used as a deoxi- 

dizing and alloying agent in the produc- 

| TABLE 2 tion of iron and steel products. Ferro- 

PRODUCERS OF SILICON ALLOYS AND/OR SILICON METAL silicon and miscellaneous silicon alloys 

IN THE UNITED STATES IN 1989 used in the production of iron and steel 

| 
accounted for 70% of all the silicon 

OS fs materials consumed, based on silicon 

eee aD dS CS ite. 

American Alloys Inc.____New Haven, WY __ FeSi and Sy Metallurgical-grade silicon metal pro- 

Applied Industrial Minerals Corp. Bridgeport, AL. CFS. | duced by t thod d uced by tonnage methods was used as 

Cominco American Resources —————sCRiddley OR COCCC“‘CSS:s the basic raw material in the manufactur- 

Dow Corning Corp, = Ss———————S—S—S—«SSprigfield, ORS. Ss ing of many chemical products and inter- 

Elkem Metals Co. Alloy, WV FeSi and Si. mediates such as silicones and silanes. 

Do. Ashtabula, OH FeSi. Silanes were used in the production of 

Do. Marietta, OH Do. high-purity silicon for semiconductor de- 

Globe Metallurgical Inc. Beverly, OH FeSi and Si. vices and solar cells (photovoltaic cells). 

Do. Selma, Al Si. The Bureau of Mines did not collect data 

Keokuk Ferro-Sil Inc. Keokuk, IA FeSi and silvery pig iron. | 08 electronic grades of silicon, which 

Reynolds Metals Co. Sheffield, AL Si. were relatively low in quantity but high in 

Silicon Metaltech Inc. Wenatchee, WA FeSi and Si. unit val ue. . . . 

Simetco Inc. Montgomery, AL Si. . Union Ca rbide Corp. reorganized its 

SimetcoInc. Montgomery, AL CC‘ silicone fluids, silicone surfactants, and 

SKW AlloysInc. = —~—~—‘CCadiverrt itty, KY FSi. =~ ilanes: business into a new worldwide 

Do —SCSCSCSCSCNNagarat Falls, NY FeSiand Si. | operating unit called Organo-Silicon 
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TABLE 3 

REPORTED CONSUMPTION, BY MAJOR END USE, AND STOCKS OF SILICON ALLOYS 
AND METAL IN THE UNITED STATES IN 1989 

(Short tons, gross weight, unless otherwise specified) 

| 
Miscel- 

Silicon content Silvery wpe Silicon laneous Silicon 
(percentage) pig iron Ferrosilicon metal silicon carbide? | 

alloys 
Range 5-24 25-55 56-70 71-80 81-95 96-99 — 63-70 
Typical 18 48 65 76 85 98 48 64 

End use 

Steel 24 122,220 —_— 87,550 818 1,761 2,263 210 
Cast irons 17,739 125,962 1,147 15,209 336 (*) 22,862 22,304 
Superalloys — (*) — 260 (*) 117 — — 
Alloys (excluding superalloy 
and alloy steel) (4) 4,105 — (‘) (‘) 54,997 47 — 

Miscellaneous and unspecified 12 1,896 — 671 35 > 142,334 1 — 
Total reported 17,775 254,183 1,147 103,690 1,189 199,209 25,173 22,514 

Consumers’ stocks, Dec. 31 778 8,272 87 7,460 48 2,569 1,035 1,451 
' Includes briquettes. 

2 Primarily magnesium-ferrosilicon but also includes other silicon alloys. 

> Does not include silicon carbide for abrasive or refractory uses. 
‘Included with “Miscellaneous and unspecified.” 

> Consists primarily of consumption of silicon metal for the production of silicones and silanes and estimated consumption for the production of fumed silica and other chemicals. 

Products, Systems and Service Group. | America and the U.S.S.R. into the | increased their sales efforts in the global 
The announcement follows a 1988 de- | United States. Large stockpiles of Chi- | market. Meanwhile, global demand re- 
cision not to form a joint venture with | nese material developed by Japanese | mained relatively high. As a result, fer- 
General Electric Co. due in part to | consumers and traders in the second rosilicon exports increased significantly 
objections by the Federal Trade Com- | half of 1988 contributed to the fall in compared with those of 1988. The major 
mission. The new group made plans to | prices worldwide. The average pub- | markets for ferrosilicon exports included 
expand its silane operations in Sister- | lished prices for silicon-base commod- Canada, the Republic of Korea, and the 
ville, WV, as well as its silicone facility | ities are listed in the following table. | United Kingdom. In contrast to ferrosil- 
at Italiba, Brazil. Union Carbide was | All prices are posted in cents per pound icon, silicon metal exports decreased by 
one of the major consumers of | of contained silicon. nearly one half. This depression was be- 
chemical-grade silicon metal in 1989.’ lieved to be caused by a saturation of 

Year SiMet 50% FeSi. 75% Fesj | Chinese material within the Japanese 
—_—_—_____________________ | jog9 50.17.3080. 4177 market. Exports of silicon metal were 
PRICES 1981. 61.04. 41.54... 4001 shipped primarily to Mexico, the Nether- 
TTT I 19825735. L428 7983 lands, and Venezuela. 

Sanne elo Under the Omnibus Trade and Com- 
Following record high prices in 1988, 1983 S377 371236067 petitiveness Act (Public Law 100-418, 

published prices for silicon containing | 1984 __ 60.35 41.22 41.89 | Subtitle B), tariff schedules were re- 
materials decreased significantly in 1989. | 1985 58.77 37.52 35.71 vised on January 1, 1989, to conform 
However, overall demand for these prod- | 1986 56.32 35.55 33.65 to the internationally established Har- 
ucts was only slightly lower than in 1988. | 1987 58.06 38.51 36.78 monized Tariff System (HTS). Conse- 
Several factors contributed to an over- | 1988 68.67 52.08 56.82 quently, U.S. customs import and ex- 
supply of material forcing lower market | 1989 58.75 49.57 48.96 port categories for silicon-base alloys 
prices. One of the most influential fac- | SunenmaaswaeSCOCCCtCO:C!:seerree: revised. The law wass designed to 
tors affecting prices was the recent re- enhance the competitiveness of the Na- 
activation of idle U.S. capacity. Other | _. —‘CSOCCC&dS#H’CO’,_- irndsstries and to improve the 
factors affecting prices were the devel- | FOREIGN TRADE management of the U.S. trade strategy. 
opment of new production capacity in | ————_____"___________— | The revisions significantly changed the 
South America and the escalation of tariff categories for silicon-base prod- 
low cost imports from China, South In 1989, several domestic producers | ucts as shown on the following table: 
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Harmonized _ , f i d 

| Tariff _ Most Favored 1 razilian ferroalloy producers an- 

tem Schedule Nation (MEN)! NOPMEN' | ounced several expansions and expan- 

a Number sion plans during 1989. However, be- 

Ferrosilicon, 55%-80% St cause of poor market conditions in the 

More than 3% Ca 7202.21.1000 NIM adval. —_—it'1.5% ad val. | second half of 1989, the completions of 

Other 7202.21.5000 1.5% ad val. 11.5% ad val. | these plans were in question. '” 

Ferrosilicon, 80%-90% Si 7202.21.7500 1.9% ad val. 9.0% ad val. Electrovale SA Industria e Comercio, 

Ferrosilicon, more than 90% Si 7202.21.9000 5.8% ad val. 40.0% ad val. | a Brazilian-Japanese joint venture, be- 

Ferrosilicon, other: gan construction of a 31 MV°*A furnace 

~ Ferrosilicon, more than 2% Mg _7202.29.0010 Free 4.4¢/kg Si. | at its Nova Era Works, Minas Gerais 

Ferrosilicon, other 7202.29.0050 Free 4.4¢/kg Si. | State. The expansion was expected to 

Silicon, more than 99.99% Si 2804.61 .0000 3.7% ad val. 25.0% ad val. coupe ae aee Ta eras ferro- 

Sion, 99.00% -99.99% Si 2804.69.1000 5.3% ad val. 21.0% ad val. | > late nthe ves, Cin, de erro Lagas da 

Silicon, other____2804.69.5000_9.0% adva_—-v-_ Bahia (Ferbasa) began a project to con- 

Tariff effective Jan. 1, 1989. vert five 75%-grade ferrosilicon furnaces 
to produce silicomanganese. The com- 

| pany also planned to build four hydro- 

electric plants in Bahia. The first two 

In accordance with the United | silicon metal less than 99.99% but not | plants were planned for completion in 

States-Canadian Free Trade Agree- | less than 99% silicon and ferrosilicon 1992.'4 

ment, U.S. duties on ferrosilicon prod- | containing by weight more than 55% Cia. Ferroligas Minas Gerais (Minas 

ucts imported from Canada were re- | but less than 80% silicon and more | Ligas) moved into silicon metal produc- 

moved on January 1, 1989. Also | than 3% calcium.? tion for the first time in 1989. The 

effective on January 1, duties on Cana- Late in 1989, the Office of Foreign | company commissioned a 15 MV*A 

dian silicon metal imports were low- | Availability, Bureau of Export Admin- | furnace at its Pirapora site. The new 

ered. Duties on all grades of metal were | istration, Deptartment of Commerce, furnace was provided by Delp Engen- 

scheduled to be eliminated by 1998.° | began an investigation to assess the | haria Mecancia, Minas Ligas’ parent 

The new USS. duty rates per kilogram | foreign availability of high purity poly- | company. Minas Ligas also planned to 

of silicon metal originating in Canada | crystalline rods and chunks. These ma- | start up a second furnace in 1990. 

were as follows: terials were the basic raw materials for | Because of escalating energy costs, Mi- 

| most semiconductor devices in 1989. | nas Ligas conducted feasibility studies 

|: Subsequently, the sale of these materi- | into constructing its own hydroelectric 

Year! Harmonized Tariff Code als was regulated for national security | plant at Retiro.!° 
ear eT se ee ee 2 . * ° . ° 

2804.61.00 2804.61.10 2804.69.50 | reasons. A decision on this investiga- Cia. Paulista de Ferro Ligas delayed its 

1989 2.9% 4.7% 8.1% tion was pending at yearend. !° move into ferrosilicon production until 

1990 2.2% 4.2% 1.2% late 1991. Two 18-MV°A furnaces were 

1991... 1.4% 3.7% 6.3% planned for installation at Cia Paulista’s 

19922. 7% 31% 45.4% | WORLD REVIEW subsidiary, Electrosiderurgica Brasileira 

1993. Free 2.6% 4.5% | | SA ir na Metal 
1004 Feet S*~<C*~‘~‘“‘=_R Australia Camargo Correa Metais started pro- 

<a 
duction at its second 18-MV°A silicon 

1995 Free SMT Barrack Mines Ltd. successfully com- | metal furnace at Tucurui, Para State in 

1996 Free ~=——'1.0% 1.8% _| missioned its silicon metal plant near | northern Brazil. The first 18-MV°A 

1997 Free 5% -9% Perth, Western Australia. When fully | furnace was commissioned in 1988. A 

1998 Free Free Free operational, the furnaces were reported third and fourth furnace were near 

' Rates of duty effective Jan. 1, 1989. to be capable of producing 36,400 tpy of | completion at yearend. The furnaces 

silicon metal. However, the production | were manufactured by the Demag Cor- 

In April, the Office of the U.S. Trade | output for 1990 was targeted at 27,600 | poration. Production from the fur- 

Representative (USTR) released its | short tons. Silicon metal from these fur- | naces was intended for export. 

1988 Product Review of the General- | naces was-expected to meet the stringent Italmagnésio SA Industria e Comercio 

ized System of Preference. The U.S. | purity requirements of the primary alu- | made plans to double its existing capac- 

Ferroalloy Association had requested | minum and chemical industries. Barrack | ity to produce 75%-grade ferrosilicon. 

an end to duty-free imports of 99.00 to | was reported to have long term contracts | The plan included the installation of 

99.99% silicon metal from Argentina | with both Thyssen Handesunion AG, | 24-MV*A and 6-MV°A furnaces.’ 

and Yugoslavia. The USTR decided to | West Germany, and Dow Corning Corp., Multisilicon, a new Brazilian com- 

continue Generalized System of Prefer- | Midland, MI. The company also had | pany, announced a project aimed at 

ence (GSP) status of these imports. | announced plans for an additional two ‘producing 27,600-30,900 tpy of chem- 

However, effective July 1, 1989, the | furnaces scheduled for start up in July | ical and metallurgical grade silicon 

USTR removed GSP status of Brazilian | 1991." metal at Leopoldina, Minas Gerais. 
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TABLE 4 The project was scheduled for comple- 
U.S. EXPORTS OF FERROSILICON AND SILICON METAL, tion by 1991. Prior to construction, the BY GRADE AND COUNTRY company had obtained a 10-year sales 

contract with Dow Corning Corp., 
(Short tons) Midland, MI. Multisilicon intended to 

export the majority of its production. 
1989 Initial plans called for two 18-MV°A 

Grade and country Gross Contained Value furnaces. !® 
weight weight (thousands) The Rima group was reported to 

FERROSILICON have brought two silicon metal furnaces 
Over 55% silicon: _ on-line in Minas Gerais state. Rima 

Canada 3,309 1,985 $2,486 also began construction of a 50-MV*A 
Japan s—<‘isSSSSSSCSCts™S 5,042 2,948 3,846 hydroelectric plant at Rodeado. The 

~~ Korea, Republicof SOS 7,595 5,334 5,906 electric plant was intended to help Pro- 
 Mexiio 2.747 1,649 2.018 vide a small portion of the plant’s 
Taiwan” 1.935 1.194 1.870 enormous energy needs. 

Other (18 countries) 2,669 1,627 2,136 Canada 

_ Tote 23,297 14,738 _ __ 18,262 _ SKW Canada Inc. shut down one of 
_Other ferrosilicon: its furnaces for repair late in 1989. The 

Australia 1,735 868 1,244 furnace was not expected to return to 
Canada 11,200 5,600 8,008 full capacity for at least a 6-month 
Japan 2,063 1,031 1,714 period. 

: Mexico 1,631 815 1,189 ; 
United Kingdom 8,017 4,008 5,756 | India Other (25 countries) SOS 6,114 3.057 4,668 VBC Ferro Alloys Ltd. upgraded its 
‘oral! 30,760 75,380 22,580 ferrosilicon capacity from 11,000 to 
eT > — — ———— | 16,500 tpy. Nav Bharat Ferroalloys Ltd. 

—__Yotal ferrosilicon” 34,056 30,17 10,842 _ sought permission from the Indian 
SILICON METAL Government for an additional 11,000 
__Over 99.99% silicon: tpy of ferrosilicon capacity. Ispat Al- 

Denmark 46 NA 3,191 loys Ltd. was in the process of install- 
Italy 99 NA 4,190 ing a silicon metal furnace to increase 
Japan 534 NA 27,235 its capacity to 22,000 tpy. In an effort 
Korea, Republic of 30 NA 1,463 to alleviate problems with electrical 

Malaysia 220 NA 35,698 power cutbacks, several companies be- 
Other (29 countries) 78 NA 3,490 gan projects to build captive power 

7 xx” 75,266 | Plants. 
99.00% -99.99% silicon: Iran 

aly 299 NA 684 The Iran Ferro-Alloy Co. scheduled 
— Mexico 159 NA 233 the opening of Iran’s first ferrosilicon 
__SaudiArabia 184 NA 189 | plant for early 1991. The new facility 

South Africa, Republic of 105 NA 116 was being constructed in Azna within 
Taiwan 106 NA 111 the western province of Luristan. The 
Other (17 countries) 452 NA 936 plant was expected to produce 27,600 
Total! 1,305 XX 2,269 tpy of ferrosilicon for domestic con- 

Other silicon: — OO "| §umption. Technical support for the 
Canada ( tststi(isisS 570 NA 537 project was to be provided by Elkem 
Mexico ——<CstitsSSC*s 548 NA 1,501 | Technology AS. 
Netherlands 602 NA 709 “New Zealand NA 376 | ae ive | $$ | Effective in August 1989, Japanese 
Venezuela m7 NA 768 steelmaker NKK Corp. sold its interest 

___Other (36 countries) __524 ___NA_ __2,648 _| in the ferrosilicon producer Yakushima 
Total ' 3,249 XX 6,539 __ | Denko Co. Ltd. The sale was based on 
Total silicon metal! 5,561 XX 84,074 a decision by the company to rely on 

NA Not available. XX Not applicable. imports for ferrosilicon. The Brazilian ' Data may not add to totals shown because of individual rounding of converted units. ferroalloy producer Ferro Ligas ASSO- 
Source: Bureau of the Census. fon SA, of which NKK held a 27% 

. portion of ownership, was expected to 
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fulfil a large portion of the company’s TABLE 5 

ferrosilicon needs. U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON 
Denal Silane Co. Ltd. completed a METAL, BY GRADE AND COUNTRY 

state-of-the-art monosilane plant at 

Omi. Denal was a joint venture be- (Short tons) 
tween Denki Kagaku Kogyo KK and |_SSSSSSSSSSSSSS 

the L’air Liquide Group. The plant was | 1989 

reported to be the largest merchant Grade and country Gross Contained Value’ 

producer of monosilane and was capa- eight eight (thousands) 

ble of producing monosilane at the | FERROSILICON 

parts per billion (ppb) purity level.”* 55%}-80% silicon, over 3% Ca: 

. Argentina 1,188 705 $1,428 

Norway Belgium 74 45 96 

Elkem A/S reorganized its global Brazil 16,926 10,499 20,879 

management structure from geographic ——Frnce”O”™~—‘i_‘OSSSSS 3.125 1,908 4,354 

divisions toa product based organiza- Germany, Federal Republic of 1 78 306 

tion. In order to give the company a | -—?—_____—— 

firmer footing in the European alumi- _ Maly 808 902 1,027 

num industry and to boost its down- — Japan 207 1ST 439 

stream involvement, Elkem increased | ___ Spain tC“(iti‘CC(‘ _ 35 78 

its share in Alcoa Nederland BV from Total ' 22,510 13,929 28,607 

25% to 50%. Late in 1989, Elkem 55%-80% silicon, other: 

announced it would maintain its world- Argentina 9,446 7,180 7,124 

wide ferrosilicon production level in the Australia 22 17 14 

coming year. Elkem also announced Bail ©. 15,531 11,421 11,527 

plans to purchase the remaininginterest | Ganadasi(i‘(i‘i( i‘( ét;éti‘iéS™S 20,208 15,255 15,211 

in Bjglvefossen AS. During 1989, — Chna SS 1,516 1,025 899 

Bjglvefossen operated four ferrosilicon | —— eee 

furnaces at its facility in Alvik.** ___France °99 394 738 

In December, Fesil KS announced ___Germany, Federal Republic of 472 339 1,950 

plans to reduce its Norwegian ferrosil- —_teeland 13,846 10,565 7,202 | 

icon production by 11,000 tons to | Japan, 78 31 205 

16,500 tpy. The company planned to Norway 13,632 10,347 7,803 

idle one of its furnaces at Ila og Lilleby Venezuela 28,798 21,680 19,602 

Smelteverker and begin a furnace main- Yugoslavia 3,196 2,284 1,037 

tenance program at its Hafslund facil- Total ! 107,341 80,557 72,912 

ity. The company delayed bringing fer- | ~go%-90% silicon. — TT ~~ 

rosilicon furnaces on-stream atitsMol |” poy 2 8}=)Sti(<i‘O:S;O!~ 15 2 13 

Rana facility. —Francee™O™O™~CSsSS 10 9 7 

Philippines __Totdt __ 45 __2i 8 

Mindanao Ferroalloys Co. (Minfaco) _ Over 90% silicon: 

; was formed as a joint venture between Brahe 2,756 2,545 2,705 

Maria Cristina Chemicals Industries China 122 112 119 

(MCCI), Sangyong Co. Ltd., Pohang Hong Kong ‘118 109 117 

Iron and Steel Co. (Posco), and Dongil Japan () (’) 1 

Chungong Co. Ltd. The new company Total! 2,996 2,766 2,941 

planned to convert a 27-MV°A carbide Magnesium ferrosilicon: — — ~~ 

furnace at MCCI’s plant on the island of |” pail... © 5,804 2,589 3,851 

Mindanao to producing ferrosilicon. |~  Ganada (ttt i iti(‘i:S~™S 282 66 104 

an estimated eee tpy of new capac ——Chnatsti“‘i‘sSSS~SO 1 25 110 

intended for export to the Republic of _ Japan __3! BB __27 

South Korea.”© Toth 883 3,082_ TO 
See footnotes at end of table. 

Portugal 

Brazilian Italmagnésio Group formed 

a new subsidiary in Portugal called No- 
vos Fornas de Beira Alta Lda. (Forbel). 

In a 10-year rental agreement with So- 
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| TABLE 5—Continued ciedada Portuguesa de Electrometal- 

U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON | lurgia SA, the new company restarted 
METAL, BY GRADE AND COUNTRY ferrosilicon furnaces previously operated 

by Cia Portuguesa de Fornos Eleéctricos 

(Short tons) S.A.R.L. The operations were capable 
of producing 33,000 tpy of 75%%0-grade | 

| 1989 ferrosilicon. However, a 19-MV°eA fur- 
Grade and country Gross Contained Value nace included in this capacity was being 

weight weight (thousands) | dismantled and sent to Venezuela. Ital- 
FERROSILICON—Continued magnésio SA Industria e Comercio, 

Other ferrosilicon: which had previously experienced antid- | 

Brazil 8,485 2,979 $1,967 umping problems in the European Com- 

Canada (ttsti(‘SO~*~™ 8,282 3,740 3,186 munity, hoped the new subsidiary would 

Finland 1,126 538 573 give the company a better sales position 

France 464 192 465 in the European market. 

Germany, Federal Republic of 1 1 45 Venezuelan PT Investment Alloy ac- 

a quired two 19-MV*A Demag silicon 

Japan 37 17 69 | metal furnaces from Portugal’s Meta- 

_ Norway 1,003 512 375 lurgia do Norte S.A.R.L. (Milnorte). 

U.S.S.R. 36,422 17,706 14,457 | The furnaces were being dismantled 

Total’ 55,891 25,704 21,166 | and sent to Venezuela for installation.~® 
Total ferrosilicon ! 196,096 126,059 131,631 

SILICON METAL Venezuela 
Over 99.99% silicon: Work began on several major ferroal- 

- China 3 NA 133 | loy projects in 1989. All of the projects 

Denmark 8 NA 306 revolved around joint-venture agree- 

Finland @) NA \ ments with the state development body 

—Fnce 33 NA 1174 Corporacion Venezolana de Guayana 

$$ ___ | ° (CVG). The ventures planned to take 

___Germany, Federal Republic of 930 NA 18,686 | advantage of Venezuela’s abundant 
Maly 210 NA 12,341 electricity available from CVG’s Guri 

Japan 162 NA 2,284 | Dam near Puerto Ordaz. 
Korea, Republic of 6 NA 112 Rima Electrometallurgical SA signed 

Malaysia 4 NA 9 an agreement with CVG to set up a new , 

Netherlands 1 NA 7 silicon metal plant in Venezuela. The 

Sweden ?) NA 2 company reportedly was awaiting an 

United Kingdom tst—~S ?) NA 7 | import license from the Venezuelan 
‘ol’ StC<CSCi‘s<C‘<;C;7;CO 965 xX 35,152 Government for two new 13,200-tpy 

99.00% 99.99% silicon. SCS == SS ————— | silicon metal furnaces. If approved, the 

—Awentina 7488 740 7 A66 furnaces were to be constructed by 

Soo ° ° ° Rima Mecanica SA in Brazil. 

_ Brahe 12,426 12,325 12,610 Progress continued on the Guaysil 

— Canada 7,370 7,306 6,970 | project to produce chemical-grade silicon 
China 5,042 4,996 5,172 | metal. The project was a Latin-American 

Denmark (’) (’) 2 joint venture between the Rima Group, 

France . 1,485 1,473 1,027 Cia Minera Autlan SA de CV, and Cor- 

Germany, Federal Republic of 30 30 77 poracion Venezolana de Guayana. In 

Hong Kong 1,624 1,608 1,700 1989, the project received an authoriza- 

a 100 99 56 | tion from the Venezuelan Government 

Japan 119 118 144 for a debt swap arrangement with Vene- 

Norway 19 19 38 zuela’s Morgan Guaranty Bank. 

— C.V.G. Ferrosilicio de Venezuela CA 
___South Africa, Republic of 853 846 838 | (Fesilven) started construction of a sil- 

Spam 91 90 109 | icon metal furnace with a scheduled 
__ Sweden 41 41 66 | completion within 2 years. Fesilven also 

Taiwan 184 182 ___163__| planed to install two 32-MV-A furnaces 
Total! 36,874 36,553 36,438 to produce 27,600 tpy of 75%-grade 

See footnotes at end of table. ferrosilicon and modernize two existing 
furnaces. 

Central de Ferroaleacines de Venezu- 
ela CA (Cefeca), which had plans for 
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TABLE 5—Continued TABLE 6 

U.S. IMPORTS FOR CONSUMPTION OF FERROSILICON AND SILICON WORLD PRODUCTION 
METAL, BY GRADE AND COUNTRY CAPACITY FOR SILICON- 

(Short tons) CONTAINING FERROALLOYS 
AND SILICON METAL IN 1989 

pg (Thousand short tons, contained silicon) 
Grade and country Gross Contained Value | 

weight weight (thousands) Country Capacity 
3 SILICON METAL—Continued . Argentina 85 

Other silicon: Australia 40 
Belgium 3 3 $31 Brazil 350 
Brazil 4,590 4,498 3,945 Bulgaria (') 
Canada 1,028 1,010 990 Canada 105 
China 2,970 2,915 2,534 Chile 7 
Germany, Federal Republic of 2 2 5 China 400 

Hong Kong 836 795 856 Colombia (') 
— Ttaly 3 3 10 Czechoslovakia (’) 

Japan 81 80 128 Egypt 50 
Luxembourg 55 54 57 France 170 
Norway 34 32 30 German Democratic Republic (') 
Sweden 3 3 21 Germany, Federal Republic of 50 
Taiwan 110 109 112 Hungary (¢). 
United Kingdom 60 59 78 Iceland 55 

Total ' 9,775 9,560 8,798 India 60 
Total silicon metal! 47,615 347,078 80,388 Italy 94 

'Data may not add to totals shown because of individual rounding of converted units. OT A 
2 Less than 1/2 unit. Korea, North () 

Source: Bureau of the Census. Korea, Republic of 18 

Mexico 19 

Norway 457 
no less than 11 new ferroalloy plants, | pedite ring seating, reduce oil con- | Peru (') 
began to purchase equipment for these | sumption, and increase cylinder service Philippines 25 
operations. The Cefeca company, PT | life.*° Poland () 
Investment Alloy, acquired two 19 Silicon nitride ceramic valves were Portugal 13 
Mv*A Demag silicon metal furnaces | produced by the American Ceramic Romania. () 
from Metalurgia do Norte S.A.R.L. in | Engine Co., Bolingbrook, IL, for use | —————————-— 
Portugal. These furnaces were being | in stockcar racing engines.*! South Africa, Republic of 136 
dismantled and were planned for instal- The Duralcan Corp., San Diego, CA, Spam 79 
lation in 1991. An additional silicon | successfully marketed its aluminum | S¥e4e>_ 50 
metal furnace was acquired from Por- | and silicon carbide metal matrix com- | Switzerland “) 
tugal’s Cia. Portuguesa de Fornas Elec- | posite. The material was sold to Spe- | Taiwan 15 
tricos. The plans called for a total of 76 | cialized Bicycle Corp. Specialized used | US.S.R. 650 
MvV°A of capacity, producing up to | the composite material to produce bi- | United States 518 
52,900 tpy of silicon metal by 1993. | cycle wheel rims that offered a 40%- | Uruguay () 
The company also hoped to acquire | higher specific stiffness than unrein- Venezuela ti(“‘(et;*;*;*é~™S 50 
two Nippon Denko Co. Ltd. furnaces | forced rims. The company’s San Diego Yugoslavia. sst=<CSsS 135 
with capacities of 22 and 33 MV°A for | pilot plant produced an estimated 100 Othr 304 
the production of 75%-grade ferrosili- | tons per month in 1989. A 12,500-tpy_—_ -YT__ ——— 

: Total 4,026 con. These furnaces were scheduled to | plant at Jonquiere, Quebec, was under SUTIN USTED OPUnDSSPUEEE EERE 
be brought on-line in 1994.2? construction and scheduled for com- | 'U¢4 with “Other.” 

pletion in 1990. In November, Duralcan 
——______Ct—t—“‘CSCSC*S SCs thee largest metal matrix composite 
CURRENT RESEARCH (MMC) ingot ever produced. The ingot | that were used to produce ceramic and 

| weighed 1,325 pounds and was com- | metal matrix composites. Many of the 
posed of an aluminum and silicon car- | processes were based on directed metal 

Engine Components Inc. introduced | bide composite. oxidation and were used to grow metal 
a silicon carbide coating process for Lanxide Corp., Newark, DE, contin- | matrix composites through an oxidation 
aircraft piston engines designed to ex- | ued to develop several patented processes | reaction between molten metal and an 
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adjacent gaseous oxidant. Several of the clude a pilot plant to allow further Production cutbacks were scheduled 
Lanxide products used silicon carbide | study of the new process. A 25 MV-A by many producers in the latter half of 
reinforcements. a furnace producing 30 million pounds- | 1989. These cutbacks are expected to 

Whole-wafer integrated circuits came | per-year of silicon metal was scheduled | affect moderate price increases in the 
brides. U ” i ee edo, ae cam. vr bet contingent upon the success or coming year. However, average prices 

6-inch wafer with 202 1-megabyte (MB) new. rocess was ox ected th > sie iff over the lore tenn hecan ae rerease. 
dynamic random access mences chi new P < p O signifi- | over the long term because of increases 

. y reduce energy costs and virtually | in worldwide capacity. 
The success was achieved though the use | eliminate the need for consumable elec- 
of control logic to bypass defects on a | trodes normally associated with silicon | —— 
wafer. The first product based on the | metal production.>° ‘Dr. John B. Bennett. Acid Rain Legislation and the 
wafer-scale integration was a 40-MB | __ Researchers at Sandia National Lab- | Silicon Industry. Paper in Proceedings of the 15th 
solid-state computer disk drive.** oratories in New Mexico achieved a | “772! AIME Mineral Economics Symposium. Amer- 

Ibis Technology Corp., Danvers, | record solar to electric conversion effi- a aioe ee wee eum 
MA, used a new process called Separa- | ciency ratio of 20.3% using a silicon- DC. 1989, pp. 28 mupseetion), Washington 
tion by Implantation of Oxygen (SI- | base photovoltaic concentrator mod- *Metalworking News. V. 16, No. 760, Nov. 13, 1989 
MOX) to bury oxygen ions just below | ule. The module consisted of 12 lenses | P-1- | the surface of a standard silicon wafer. | that concentrate concentrated sunlight | _ *la"k R- Neuharth. Ultra-High-Purity Silicon for 
As a result of this process, circuits | over several hundred times onto silicon infrared Detectors: A Materials Perspective. BuMines 
printed on the SIMOX chip ran 30% | solar cells. A commercial product using sane Tete, ate, 
faster than an ordinary silicon chip. | these cells was expected within three | 11. ABE SLVED. NE TENN WD, The SIMOX process implants a layer of | years.>” | *____. No. 7411, Aug. 24, 1989, p. 11. silicon dioxide in the chip, which insu- © Chemical Week. V. 144, No. 5, Feb. 1, 1989, p. 5. 
lates the circuits from stray capaci- a "Chem. & Eng. News. V. 67, No. 28, July 3, 1989, p. 
tances and currents triggered by radia- | QUTLOOK 19. tion or high temperatures. The SIMOX | ———————________ *Federal Register. Presidential Documents. Procla- 

process was originally developed by State Canada FreeTrade Agreement, . 242, No. "242, Harris Semiconductor, Melbourne, FL, Demand for silicon metal is driven by | Dec. 16, 1988, pp. 50708-50709. | 
for military and space applications. | the aluminum and the chemical indus- ” Metals Week. V. 60, No. 16, Apr. 17, 1989, p. 6. 
Ibis produced SIMOX wafers for com- | tries. Consumption by the aluminum ‘Federal Register. Dept. of Commerce. (Bureau of mercial applications commercially.>4 industry, which uses silicon as an alloy- | E*P0" Admin.), Foreign Availability Assessment; Initi- 

In 1989, micromechanics emerged as | ing agent, is expected to undergo slow silo, ns 033 One. ee 1990 essalline 
a viable industry. Researchers used growth over the next 5 years. The in- "Indutrich Minerale (La : ) RN oe, Now 1989 
techniques used to produce computer | creased use of aluminum in automo- | p.8. meme NO 28 NON 
chips to carve out minuscule devices | biles, which reached a record high in ? American Metal Market. V. 97, No. 237, Dec. 7, 
only two-thirds the width of a human | 1989, will contribute to this growth, | 198% pp. 5. 8. 
hair. Although these devices included | Additionally, a trend toward the use of | | ~~ ¥- 97 No- 196, Oct. 9, 1989, p. 4. 
mechanisms such as micromotors and | higher silicon content in aluminum i, Metals Week. V. 61, No. 1, Jan. 1, 1990, p. 1. 
microswitches, commercial success was | castings is expected to continue. The | hee ooT te a eaeo., Seen poom Tails OFF In 
achieved though microsensors. These | chemicals industry consumes silicon OMetal bulletin (Londen). No. 7332 Jan. 19, 1989 sensors were the result of early research | metal to produce a wide variety of | p. 13. es efforts by such research centers such as | compounds such as silanes, silicone '’ Work cited in footnote 15. 
AT&T Bell Labs, Murray Hill, NJ; | resins, and lubricants. In the past, this "* Mineral For Export. No. 6, Sept. 1989, p. 9. Stanford University, Stanford, CA; and | industry has shown steady growth and |” Work cited in footnote 15. 
Massachusetts Institute of Technology, | is expected to continue this trend. “Metal Bulletin Monthly. India Heads For Some 
Cambridge, MA. The largest producer Ferrosilicon is consumed primarily by oy Pethroat Competition. No, 227, Now. 1989, pp. 23- 
of these sensors was Delco Electronics | the iron and steel industry. The industry 21_____| Tran FeSi Plant Moves Forward. No. 220 
Corp, Kokomo, IN. Delco incorporated | uses ferrosilicon for both deoxidation of | Apr. 1989, pp. 38-39. 
the Sensors into controls and diagnos- | molten metal and as an alloying agent. * Metal Bulletin (London). No. 7427, Oct. 23, 1989, 
tics for automobile engines and trans- | The American Iron and Steel Institute | P: 29: 
missions. Future applications for the | studied the consumption of steel by in- _ Solid State Technology. V. 32, No. 2, Feb. 1989, p. 
sensors included antilock braking, dy- | dustrialized countries and predicted an | — 24 merican Metal Market. V. 97. No. 25 Dec. 29 namic suspension, crashbag activation, | average decline of 0.1% per year from | 1989, p. 2. 
and tire pressure monitoring.*° 1985-95. Subsequently, ferrosilicon con- | 25Metals Week. V. 60, No. 52, Dec. 25, 1989, p. 2. 
Dow Corning Corp., Midland, MI, | sumption is not expected to grow over *° The Tex Report. V. 21, No. 5053, Nov. 28, 1989, p. proceeded with plans to develop a proc- | the next 5 years.?®> However, several fac- | °: 

ess using silica sand to produce silicon | tors could influence consumption of fer- | 7” Metal Bulletin (London). No. 7361, Feb. 20, 1989, 
metal. After the completion of a $1.1 | rosilicon by the steel industry. These fac- | ” » . 
million feasibility study, Dow made | tors may include possible technological | x, 0. A Sone ee AM Byes On Venezuela. 
plans to construct a $42 million re- | advances, environmental legislation, and 2° Work vied in neo. 
search facility. The facility was to in- | trade agreements. %° Aviation Week & Space Technology. Engine Com- 

SILICON MINERALS YEARBOOK—1989 921



ET 

ponents Uses Coating to Increase Life of Piston Cylin- 

der, V. 31, No. 12, Sept, 18, 1989, pp. 40-42. 
| 

31 Popular Science. V. 235, No. 3, Sept. 1989, p. 16. 

32 Metalworking News. V. 16, No. 765, Dec. 18, 1989, . 

| p. 38. | 

33 Electronic Products. V. 32, No. 6, Nov. 1989, p. 13. 

34 High Technology Business. June 1989, p. 7. | 

35______. Tiny Sensors Pay Off Big. Sept.-Oct. 1989, 
pp. 28-31. 

36 American Metal Market. V. 97, No. 135, July 14, | 

1989, p. 4. . 

37 Electronic Design. V. 37 No. 16, July 27, 1989, p. 

22. 

38 Mod. Met. V. 45, No. 9, Oct. 9, 1989, pp. 74-80. 
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By Robert G. Reese, Jr. 

Mr. Reese, a physical scientist with the Branch of Nonferrous Metals, has covered silver for 8 years. Domestic survey data 
were prepared by Lisa Conley, Eraina Dixon, and Stephen Hays, Nonferrous Data Section. International data were prepared 
by Giovanni Jacarepaqua, International Data Section. 

omestic silver production in- | silver as required for fiscal year 1989 in | 1981 when 62 tons of National Defense 
creased for the third consec- | two sales. The first sale occurred on Stockpile (NDS) silver was sold. From 

1) utive year, reaching its high- | May 9 and the second on July 18. The 1982 until the May 9 sale, Government 
est level since 1941. Higher | silver was sold through an auction proc- disposals of excess silver had been ac- 

byproduct silver production from cop- | ess, marking the Government’s first use complished through various coinage 
per, lead, and zinc mines and the open- | of auctions for silver disposal since late | programs. Purities of the disposed | 
ing of new mines were the primary 
reasons for the higher output. Most of 
these new mines, as has been the case TABLE 1 
for the past several years, were gold SALIENT SILVER STATISTICS 
mines with byproduct silver produc- 
tion. Notable exceptions were the open- 1985. -*'1986.~~«'1+987,~-~«*410988.Ssd1980 
ings of two large lead, silver, and zinc United States, <a 
silver inc reaced privva - y in response ° _ Mine production _—smetrictons.=—S—S—=«i2;227—S«*1,074~—Ss«1,241—Ss«'1,661. «2,007 
a more stable labor situation in Peru | YU: dollars per troy ounce-thousands ‘$241,580 $188,846 ‘$277,063 $349,339 $354,971 
and to the increased U.S. production. | —Percentage derived from: 

Precious metals ores 70 63 W W W 

Base metal ores 30 37 W W W 

. LEGISLATION AND —Plaers 0 UO TO OO 
_ | GOVERNMENT PROGRAMS | _ finery production: 

TTT aa —I— III Domestic and foreign ores and 
concentrates metric tons 1,674 1,319. 1,415 1,474 1,718 

The U.S. Department of the Treas- Secondary (old scrap) do. 866 762 810 852 735 
ury, as required by Public Law 100- | Exports: 
440, the Treasury and Postal Service Refined do. 392 314 350 444 430 
Appropriations Bill, sold a portion of - Othr + ~=~doa©'368.~+~«467”~O*«<“‘«#K+~!;;*!”!” SSS BSO 
its silver stocks. Pubic Law 100-440 Imports for consumption: = 

authorized the disposal of approxi- | —“Rerined =S=*~*~<C~S~SMC S88 2,260 3,062 mately 233 metric tons of Treasury | —— ——""""*_ ter TTA AOU 9008 
Department silver over a 3-year period. Other do AO B97 
Sales of nearly 78 tons was to occur in | Stocks, Dec. 312 
each of fiscal years 1989-91, although | ___Imdustry doe 574550 ATL 480544 
the quantity of silver sold could be Futures exchanges do. 5,385 5,042 5,279 5,862 7,795 
reduced to avoid severely disrupting the Apparent demand, refined * do. "6,392 5,666 3,989 4,142 5,085 
domestic silver market. ~ Coinage do. 11 234 469 275 265 

In early fiscal year 1989, officials at Price, average per troy ounce? $6.14 $5.47 $7.01 $6.54 $5.50 
the Treasury Department developed cri- Employment 4 3,000 2,200 1,800 2,300 2,800 
teria to determine whether a proposed | wong: 2 

sale would severely disrupt the domes- | “Mine production metric tons —13,051-*12,970 «13,757. "14,167 14,452 tic silver market. According to the cri- | —————_—4J7]_TYTT re’ 
teria, a proposed sale should proceed, _fonsumptions® . . ; ; 
unless the silver price had declined in industry and the arts do, 13,906 15,399 °15,443 16,671 17,004 
15 of the 20 previous days, and the | __Comage do 277526 933799 1,070 silver price had declined by 5% or more istimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

during that same 20-day per iod. 2 Defined as refinery production from primary materials plus refinery production from old scrap plus imports of bullion. Represents not 
The Defense Logistics Agency only the quantity of silver required by the domestic fabricating industry, some of which may be placed in stocks, but also the quantity 

(DLA), acting as sales agent for the S Handy Brae °Y US: investors. 
Treasur y Department, sold 78 tons of | ‘Mine Safety and Health Administration. 
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Treasury silver ranged from 40% to The first concentrates were produced | the year. Among the methods examined 

99.9%. at the new Red Dog Mine in late No- | were trucking the ore directly from the 

For fiscal year 1990, DLA proposed | vember. The mine, an open pit opera- mine, trucking the ore to the mine’s 

selling the required 78 tons in four | tion 192 kilometers north of the Arctic | 900-foot level and then using existing 

sales. The first sale occurred on Octo- | Circle, near the Chukchi Sea, produced | facilities to hoist the ore to the surface, 

ber 31, and bids for slightly more than | lead and zinc concentrates containing | and installation of a steel and concrete 

19 tons were accepted. byproduct silver. Owing to the mine’s | liner in a portion of the shaft. Com- 

Near mid-June, the first gold and sil- location, concentrates can only be | pany officials stated, however, that re- 

ver coins commemorating the bicenten- | shipped from the area during an ap- gardless of the method chosen to trans- 

nial of Congress were struck at the U.S. | proximate 100-day interval in the sum- | port the ore, the mine would not 

Capitol Building. The coins were autho- | mer. As a result, a concentrate storage | reopen until the gold price recovered. 

rized by Public Law 100-673, the Bicen- | facility, capable of holding 9 months of Metall Mining Corp. acquired the 

tennial of the United States Congress | production, was constructed near the | Copper Range Co. in May. The principal 

Commemorative Coin Act, and signed | port. The first concentrates were deliv- | assets of Copper Range were the White 

by the President on November 17, 1988. | ered to the storage facility in December. | Pine Mine, mill, and smelter. Copper 

The ceremony marked the first time | The mine was developed by Cominco | Range was formed in 1985 when the 

that official U.S. coins had been struck | Alaska Inc., a subsidiary of Cominco employees and management of White 

outside a U.S. Mint facility since 1792. | Ltd. Cominco Alaska leased the prop- Pine reached an agreement to purchase 

Public Law 100-673 authorized the | erty from the NANA Regional Corp., | the facilities from Echo Bay Mines Ltd. 

production of 1 million gold coins, 3 | one of 13 native corporations estab- | White Pine, the State’s largest silver pro- 

million silver coins, and 4 million cop- | lished by the Alaska Native Claims | ducer, recovered silver as a byproduct of 

per clad coins. The silver coin was to | Settlement Act of 1971. its copper operations. 

contain 24 grams of silver, and the 

silver was to be obtained from the | Idaho Montana 

NDS. A surcharge added to each coin’s Production began at the Champagne In June, Pegasus Gold Inc. acquired 

price was to be used by the Capitol | Mine, an open pit, heap-leach opera- | Pangea Resources Ltd., an Australian 

Preservation Commission to maintain | tion. The mine, near Arco, was owned | mining company with interests. in the 

and restore the capitol building. by Bema Gold Corp. (85%) and Glamis | United States. As a result of the acqui- 

Gold Ltd. (15%). sition, Pegasus became the owner of 

a Mining and milling resumed at the | the Basin Creek Mine. Basin Creek was 

PRODUCTION Copper Cliffs Mine in June. The open | an open pit, heap-leach, gold-silver 

—__________—_ pit mine, closed since 1981, produced | producer located near Helena. 

copper concentrates containing byprod- In Silver Bow County, commercial 

Silver was produced from precious | uct silver. Copper Cliffs was operated | production began at the Beal Mountain 

metal ores at 111 lode mines. Silver also | by Alta Gold Co., a company formed | Mine during May. Beal Mountain was 

was produced as a byproduct of the | in late November following the merger | an open pit operation owned by Pe- 

processing of copper, lead, and zinc | of Silver King Mines Inc. and Pacific | gasus. Ore from the mine was crushed, 

ores at 51 lode mines. In 1989, 18 mines | Silver Corp. Known reserves at the agglomerated, and placed on imperme- 

each produced more than 30 tons of | mine were expected to be depleted in | able pads for heap leaching. During 

silver; their aggregated production | 1990. | 1989, the mine produced nearly 1.2 

equaled 79% of total domestic produc- A heap-leach facility was constructed | tons of gold and 0.25 tons of silver. 

tion. Silver was also produced at 15 | at the Yellow Pine gold-silver mine in ASARCO Inc. acquired a 49.9% in- 

placer operations. U.S. silver produc- | Valley County. During 1989, approxi- | terest in the Continental Mine in June. 

tion in 1989, 2,007 tons, was the largest | mately 84,000 tons of ore was mined | Asarco reportedly acquired the holding 

quantity produced in any year since | and stockpiled at Yellow Pine in prep- | from Montana Resources Inc. as part 

1941 when 2,211 tons was produced. aration for the resumption of process- | of its strategy to change from being 

ing in 1990. primarily a custom smelter and refiner 

Alaska to being a fully integrated producer. 

Commercial production began at the | Michigan The Continental Mine was an open pit 

Greens Creek Mine during the first quar- Callahan Mining Corp. announced | copper-molybdenum-silver producer lo- 

ter of 1989. The underground mine, on | the indefirtite closure of the Ropes cated near Butte. 

Admiralty Island, used a 900-ton-per-day | gold-silver mine in late September. American Copper and Nickel Co., a 

mill to produce gold, lead, silver, and | Ground control problems near the | subsidiary of Inco Ltd., officially be- 

zinc. Kennecott Corp. operated the mine. | mine’s main production shaft and low | gan production at the underground 

Other partners in the venture included | gold prices were cited as the reasons for | Mineral Hill gold-silver mine in Sep- 

CSX Energy Inc., Exalas Resources | the closure. The mine, located near | tember. Mineral Hill, a 50-50 joint 

Corp., and Hecla Mining Co. Although | Ishpeming, has had a history of ground | venture of American Copper and 

Greens Creek did not achieve full pro- | control problems since its opening in | Nickel and Homestake Mining Co., was 

duction during the year, nearly 161 tons | late 1985. A number of methods for | located in Park County, adjacent to 

of silver was produced during the first 11 | transporting ore to the surface were Yellowstone National Park. Owing to 

months of operation.’ investigated during the remainder of | the site’s environmental sensitivity, the 
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companies went to unusual lengths to | was wholly owned by Bond Interna- | contained gold and silver, respectively.* 
minimize the mine’s visual and envi- | tional Gold Inc. Ore from the pit was | Contamination of earlier drill samples 
ronmental impacts. Among the steps | processed through a modified carbon- Owing to the nature of the host rock, 
taken were complete containment of | in-leach circuit. Construction of the combined with the presence of ground 
the mine and mill water systems, limit- | mine and mill was completed in less | water and the high-water flow rates 
ing surface excavations as much as pos- | than a year. associated with reverse circulation drill- 
sible, using only existing roads, and the In late October, U.S. Gold Corp. sold | ing were cited by Echo Bay as the 
initiation of special procedures for tail- | its 29.3% interest in the Dee Mine to its reasons for the reserve revision. 
ings disposal. The mine received the principal partners, Corona Corp. and Ore at the Preble Mine, an open pit 
Greater Yellowstone Ecosystem Bald | Rayrock Yellowknife Resources Inc. operation in Humboldt County, was 
Eagle Working Group Award, recogniz- | After the sale, Corona and Rayrock | exhausted during the third quarter. 
ing its environmental commitment and | each had a 44% interest in the mine Heap leaching was expected to con- 
efforts to ensure the well-being of bald | with the remaining 12% privately held. | tinue until the second quarter of 1990. 
eagles near its property. Ore from the | Dee, an open pit operation in Elko | In the future, the facilities were ex- 
mine was processed by a 400-ton-per- | County, used both milling and heap | pected to be used to process ore from 
day mill located on-site. leaching to recover gold and byproduct | the Kramer Hill deposit, about 20 kilo- 

silver. | meters southwest of Preble. | 
The Golden Butte Mine, located Pegasus commenced reclamation of 

Nevada about 80 kilometers north of Ely, be- | the Relief Canyon Mine. Mining oper- 
Mining operations at the Alligator | gan production in June. The mine, an | ations were completed, and the loading 

Ridge Mine were suspended near mid- open pit operation, recovered gold and | of ore on the pads for heap leaching 
December, owing to the exhaustion of | a small quantity of silver using heap | ended in late 1989. Leaching operations 
identified ore reserves. The mine, a leaching. Golden Butte was operated by | and gold-silver recovery were expected 
joint venture of NERCO Minerals Co. | Alta Bay Venture, a joint venture of | to end in 1990. 
(50%) and Kennecott Corp. (50%), | Alta Gold (60%) and Echo Bay (40%). A program begun in 1987 to increase 
processed ore using both heap-leach Heap leaching was completed at Alta | the production capacity of the Round 
and carbon-in-leach facilities. Ore | Bay’s Illipah Mine. Mining at the site | Mountain Mine was completed in 1989. 
treatment and metal production were | had ended in 1988. The new plant consisted of a large 
expected to continue into 1990. Milling operations began at the | gyratory primary crusher, an interme- 

Mining was halted at the Austin | Marigold Mine in September. The new | diate ore storage and reclaim system, 
Mine in November. The decision was | open pit mine used a 1,100-ton-per-day | secondary and tertiary cone crushers 
attributed in part to low ore grades and | mill to produce gold and a small quan- | and screens, a conveyor system to trans- 
reserves. The mine was operated by | tity of byproduct silver. Heap leaching | port the ore, and an automated stack- 
WESTGOLD Inc., in partnership with | was expected to begin during the first | ing system for the leach pad. With the 
FMC Gold Co. Reclamation of the site | quarter of 1990. The mine was owned | new facilities, Round Mountain was 
was begun and was expected to be | by Corona, Placer Dome U.S. Inc., | expected to be capable of processing 
completed by late 1990. Rayrock, and Santa Fe Pacific Mining | 41,000 tons of ore per day. 

Two projects to enhance production | Corp. In April, Amax Gold Inc. began 
capabilities were completed in June and |. At the McCoy/Cove Mine, a new | commercial operations at its Wind 
September at the Big Springs and Jerritt 6,800-ton-per-day mill began commer- | Mountain Mine in Washoe County. 
Canyon Mines, respectively. The main | cial operation in July. The new mill | The open pit, heap-leach operation re- 
components of both projects were the | processed high-grade oxide ore from portedly produced about 1 ton of gold 
installation of ore roasting circuits at the | both the McCoy and Cove pits. Lower | and more than 10 tons of silver from 
mills. These new facilities operated inde- | grade oxide ore continued to be heap | May through December.* The mine 
pendent of the older mill circuits and | leached. Ramps were driven into the | used the Merrill-Crowe process to pro- 
allowed treatment of refractory ores as | sulfide ore beneath both pits, and un- | duce precious metal precipitates. The 
well as ores previously considered sub- derground mining began beneath the | precipitates were subsequently proc- 
economic. At Jerritt Canyon, the new | Cove pit in December. The sulfide ore | essed to produce doré at Amax Gold’s 
roasters were designed to treat about | produced underground was also proc- | Sleeper Mine. Notable was the fact that 
3,200 tons of ore per day. Total ore | essed by the new mill. Ground water | the mine began production 84 days 
throughput at Jerritt Canyon following | problems reduced the expected under- | after the first concrete pour at the site. 
installation of the roasters was estimated | ground mining rate to about 540 tons Mining was completed at the Wood 
to be about 6,400 tons per day. per day. As a result, in December Echo | Gulch Mine, a small heap-leach opera- 

Mining was completed at the Bore- | Bay, the mine’s Owner, initiated a pro- | tion owned by Homestake Mining Co. 
alis Mine. Echo Bay, the mine’s owner, | gram to increase the surface mining rate | Leaching and precious metal recovery 
expected leaching operations to con- | from 118,000 tons per day to 150,000 | were expected to continue through 
tinue through 1990. Reclamation of the | tons per day. An extensive core drilling | 1990. 
mine site was begun. program undertaken in 1989 resulted in 

The first gold-silver doré bar was | a reduction of proven and probable | Other States 
poured at the Bullfrog Mine in late | reserves at McCoy and Cove by 11%, to The Royal Mountain King Mine in 
July. The mine, located near Beatty, | about 390 tons and about 4,000 tons of | Calaveras County, CA, began produc- 
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tion in late February. An open pit op- Silver is used in electrical and elec- | similar piece of sterlingware, the price of 

eration, the mine used a 2,300-ton-of- | tronic products because of its high elec- | the plated piece is less than the price of a 

ore-per-day mill and produced gold and | trical and thermal conductivity and its | corresponding sterlingware piece. 

silver doré. The mine was developed by | resistance to corrosion. Silver has the The refrigeration and air-condition- 

Meridian Minerals Co. and Mother | highest thermal and electrical conduc- | ing industry uses silver in the form of 

Lode Gold Mines Consolidated. tivity of any known substance. Silver, | brazing alloys because of the ability of 

Mining was halted at the Sixteen- | in general, can be characterized as | silver brazing alloys to wet various base 

to-One Mine in October. The mine, a | strongly resistant to atmospheric and metals at temperatures below. their 

joint venture of Royal Gold Inc. and | ordinary oxidation and exceptionally | melting points. In general, silver braz- 

Lucky Chance Mining Co., was located | resistant to corrosion by weak acids. | ing alloys do not dissolve or attack steel 

in Sierra County, CA. Sixteen-to-One | Although silver commonly reacts with | in normal usage, are ductile, maintain 

was an underground operation that | sulfur-containing atmospheric gases to | their strength over a wide range of 

produced gold and byproduct silver. | forma sulfide tarnish, the tarnish itself | temperatures, and will join a variety of 

, Royal Gold officials attributed the de- | offers little electrical resistance and | materials. Silver is added to some sol- 

cision to temporarily suspend mining | does not prevent the use of silver as an | ders to improve their flow properties, 

operations to the low gold price. electrical contact material. Pure silver | corrosion resistance, and wettability. 

At the end of August, Nerco ac- | is generally used in low- and medium- Silver is also used in mirrors, cata- 

quired Texasgulf Minerals & Metals | current switching devices. In other ap- | lysts, medicinals, dental amalgams, 

Inc. Texasgulf and its joint-venture | plications where the device requires | bearings, coins, medallions, and a va- 

partner, Golden Cycle Gold Corp., | higher strength, more wear resistance, | riety of commemorative objects. Silver 

used heap leaching to process previ- | better resistance to arcing, or lower | is used in mirrors because of its high 

ously mined material in the Cripple | costs, silver is usually alloyed with an- reflectivity in the visible portion of the 

Creek Mining District near Victor, CO. | other metal such as copper or palladium | spectrum. Silver catalysts are used in 

After the acquisition, Texasgulf was | to produce the desired characteristics. oxidation reactions such as the produc- 

renamed Pikes Peak Mining Co. Batteries constitute another electrical | tion of formaldehyde from methanol 

use for silver. Silver batteries produce a | and the conversion of ethylene to eth- 

high-energy output per unit size and ylene oxide. Medicinal compounds in- | 

| | sweeight, but are generally characterized clude the soluble salts, such as the 

CONSUMPTION AND USES by a short life and high per unit cost. | nitrates and citrates, and insoluble 

| Primarily because of the short life and compounds such as the oxides, halides, 

high costs, the use of silver batteries | and proteinates. In dentistry, silver is 

Apparent U.S. demand for silver in | has been confined to defense and space | an important component of amalgam 

1989, calculated as refinery production | applications where battery weight, size, | fillings. | 

from primary materials and from old | and reliability are major concerns. 

scrap plus net imports of refined bul- | There is, however, a growing use for 

lion, was 4,967 tons. Included in the | small silver-zinc button cells in such | SSS 

apparent demand calculation was the | commercial applications as calculators | STOCKS 

amount of silver absorbed by investors, | and hearing aids. TT 

as well as the amount of silver required The use of silver for decorative pur- 

by the domestic fabricating industry. poses can be divided into three main Total accountable stocks at yearend 

The most important use of silver isin | applications. Probably the oldest use of | 1989 increased by more than 1,700 tons 

photographic materials. Silver is used | silver 1s its use in jewelry. Silver or a | over the previous year owing to a Sig- | 

in the manufacture of film, photo- | silver alloy, usually silver and copper, is nificant increase in Commodity Ex- 

graphic paper, photocopying paper, X- flattened and shaped into objects that | change Inc., (COMEX) held stocks. 

ray film, photo-offset printing plates, | can be worn for personal adornment. | Analysts attributed the larger COMEX 

and in some other minor light-sensitive | Sterlingware, the second decorative | stocks to the movement of unreported 

products. Photographic materials are | use, consists of articles such as bowls | bullion stocks to New York deposito- 

produced by depositing thin layers of | and flatware that are often functional | ries from depositories and warehouses 

silver salts, gelatin, and dyes onto a | as well as decorative. Sterling silver is | outside the State, in response to the 

support material. Silver salts, although | an alloy of silver (92.5%) and copper | abolition of New York’s precious met- 

not extremely sensitive to light when | (7.5%). The third decorative use for | als sales tax. As reported to the Bureau 

first exposed to illumination, produce a silver is electroplated ware. Electro- | of Mines, refiner, fabricator, and dealer 

greatly intensified image when subse- | plated ware generally consists of the | stocks remained essentially unchanged 

quently treated with photographic | same types of objects produced as ster- | from the previous year. 

chemical developers. The developer re- | lingware, the difference being that elec- The quantity of Government-held sil- 

duces a portion of each silver salt grain | troplated ware is made by depositing a | ver continued to decline. The U.S. Mint 

to metallic silver, depending on the | thin silver layer on a base metal object, used NDS silver stocks for various coin- 

intensity of the light to which the grain | whereas the sterlingware object is | age programs, and a portion of excess 

was exposed. The resulting gray to | formed entirely of the silver-copper al- | Treasury Department stocks were sold 

black metallic silver forms a negative | loy. Because less silver is used in a piece | through Government-sponsored auctions 

image of the original object. of electroplated ware than is used in a | in May and July. 
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PRICES Canada and Japan, most of the in- | response to the year’s geopolitical de- 
| creased shipments were in the form of | velopments, Handy & Harman began 

silver-bearing waste and scrap materi- | making world production and con- 
The domestic silver price as quoted | als. The largest decrease in U.S. silver | sumption estimates. In its 1989 review, 

by Handy & Harman remained in a | exports from the previous year was in | Handy & Harman estimated world sil- 
relatively narrow range throughout shipments of waste and scrap materials | ver consumption at about 18,100 tons, 
1989. The price began the year at $6.07 | to France—approximately 59 tons. an increase of more than 600 tons over 
per troy ounce and was $5.18 at U.S. silver imports for consumption | the revised 1988 figure.> Of the total, 
yearend. Throughout the year, there | increased, probably owing in part to | approximately 17,000 tons was used in 
were no significant upward price move- | the stronger U.S. dollar in terms of industrial applications, a 333-ton in- 
ments; rather, the price gradually | foreign exchange rates. The countries. | crease over the 1988 level. The quantity 
drifted lower toward $5.00 per troy | with the largest increases of silver ex- | of silver used for coinage increased 
ounce. In mid-November, the price ral- | ports to the United States were Mexico, | from about 800 tons in 1988 to about 
lied briefly, reaching $5.84 on Novem- | with an increase of more than 541 tons; | 1,100 tons in 1989. 
ber 22 before resuming a downward | Canada, with a 98 ton increase; and 

| trend. Factors that analysts believed to | Uruguay, with a 61 ton increase. For all | Canada 
have affected the silver price during the | three countries, the increased exports Mine production resumed at the 
year included: the value of the U.S. | were primarily refined bullion. Heath Steele lead-zinc-copper-silver 
dollar in terms of certain foreign cur- underground mine in June. The Heath 
rencies; expectations ofnomorethana|] esses eses—( is Steele Mine in New Brunswick had 
moderate U.S. inflation rate; a lower | WORLD REVIEW been inactive since 1984. Partners in the 
demand for bullion by investors; and | ——22————______ mine were Noranda Inc. (75%) and 
increased U.S. interest rates. Brunswick Mining and Smelting Corp. 

As with the domestic price, the Lon- | The data in table 13 were rated produc- | Ltd. Operations at the new Stratmat 
don spot price was quoted within a tion capacity in mines as of December | Mine, adjacent to the Heath Steele 
relatively narrow range throughout the | 31, 1989. Rated capacity was defined as | Mine, began in July. Stratmat, consist- 
year. The U.S. dollar equivalent of the | the maximum quantity of product that | ing of both open pit and underground 
London spot price, as published in | can be produced in a period of time on a | operations, produced lead, zinc, cop- 
Metals Week, began 1989 at $6.07 and | normally sustainable long-term operat- | per, and silver. Noranda and Brunswick 
ended the year at $5.22. The high price | ing rate, based on the physical equipment | Mining each had a 50% interest in the 
for the year, $6.21, occurred on Janu- | of the plant and given acceptable routine | Stratmat Mine. 
ary 24. The low price for the year, | operating procedures involving labor, en- Near mid-December, shareholders of 
$5.05, occurred on September | and ergy, materials, and maintenance. Ca- | Dumagami Mines Ltd. voted to merge 
again on October 11. The average for | pacity includes both operating plants and | Dumagami with Agnico-Eagle Mines 
1989 was $5.51. plants temporarily closed that, in the | Ltd. Dumagami’s principal asset was 

The amount of silver represented by | judgement of the author, can be brought | the LaRonde Mine, an underground 
the future contracts traded on the | into production within a short period of gold-silver-copper operation located in 
COMEX decreased in 1989 to 680,640 | time with minimum capital expenditure. | Quebec. In 1989, during its first full 
metric tons. At the Chicago Board of World mine production of silver in- | year of operation, the LaRonde Mine 
Trade (CBT), the quantity of silver | creased slightly in 1989. Increased pro- | produced 2.6 tons of gold and 4 tons of 
corresponding to the futures trading | duction of copper, lead, and zinc re- | silver.® 
volume decreased from 15,626 tons to | sulted in increased byproduct silver Cominco Ltd. completed construc- 
8,295 tons in 1989. Silver futures trad- production. Other reasons for the | tion of its new lead smelter near Trail, 
ing volume on the Mid-America Com- | higher production included a more sta- | British Columbia, near yearend. The 
modity Exchange (Mid-Am), at 422 | ble labor situation with fewer strikes in | new plant was expected to result in 
tons, remained essentially unchanged | Peru and the opening of a number of | significantly lower sulphur, lead, and 
from the previous year. new gold mines, many of which pro- | particulate emissions through the use 

duce byproduct silver. Although gold | of an oxygen smelting process. Al- 
—__—+_______________________ | continued to be the primary metals | though the first lead bullion was pro- 
FOREIGN TRADE exploration target during the year, the | duced by the plant in late December, 

_— «| igher prices for copper, lead, and zinc | mechanical problems and metallurgical 
encouraged exploration for these met- | process difficulties prevented the plant 

U.S. silver exports increased in 1989 | als also. Most copper, gold, lead, or | from achieving normal operations by | 
for the fifth consecutive year, probably | zinc deposits contain some silver. Oce- | yearend. At its Trail facility, Cominco 
Owing in part to the lower domestic | ania and countries bordering the Pa- | produced more than 350 tons of refined 
silver price and increased domestic pro- | cific Ocean continued to be the most silver during 1989.’ 
duction. The countries recording the | active exploration areas. At the Valley Mine in British Colum- 
largest increases in receipt of U.S. silver Before 1989, Handy & Harman, in | bia, Highland Valley Copper Co. com- 
exports were Canada and Japan with | its annual review, estimated silver pro- | pleted the renovation and expansion of 
increases of about 135 tons and 123 | duction and consumption for market | its milling facilities. Two mills formerly 
tons, respectively. In the case of both | economy countries only. However, in | owned by Highmont Mining Co. were 
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moved to a site adjacent to the Lornex | by selling what were regarded as non- | reports on silver-related research were 

mill, and an older nearby mill was | strategic assets and businesses. Pro- summarized in New Silver Technology, 

closed. The new facility, called the High- | ceeds from the sale of these assets were | a publication published under the aus- 

land mill, can process more than 130,000 | to be used for debt reduction and the | pices of The Silver Institute.’ 

tons of ore per day. Near mid-October, a | development of Freeport’s two new | 

2-year agreement. was reached with the | mineral discoveries, one of which was 

mine’s workers, ending a 15-week strike. | the Grasberg copper-gold-silver deposit) ——____________________ 

An 8-year legal battle for ownership | in Indonesia on the western half of the | QUTLOOK 

of the Williams Mine ended in August. | island of New Guinea. By yearend, | 

The Supreme Court of Canada ruled | Freeport had sold a number of its oil 

that the mine, in the Hemlo District of | and gas assets and reportedly was seek- The recent increase in domestic silver 

Ontario, belonged to Corona Corp. | ing buyers for others. production was due in part to signifi- 

The decision upheld earlier rulings that Development work began at the Gras- | cant operating cost reductions at many 

LAC Minerals Ltd., developer of the | berg deposit with the prestripping of | mines, which allow these operations to 

mine, had used confidential informa- | waste material. Ore from Grasberg was | remain profitable at silver prices as low 

tion supplied by Corona’s predecessor | expected to be processed at the mill serv- | as those in 1989. Another factor in the 

company to acquire the property where | ing Freeport’s other mines in the area. In higher domestic production is that sil- 

the Williams Mine was later located. | February, Freeport began a program to | ver is often recovered as a byproduct of 

The mine, which recovers some byprod- | increase the mill’s processing rate to other nonferrous metals. Extensive ex- 

uct silver, was Canada’s largest gold | 32,000 tons of ore per day. In August, ploration and development during the 

producer. After the ruling, Corona split | Freeport’s board of directors approved | past decade has resulted in the opening 

the mine’s ownership with Teck Corp. | expanding the mill’s capacity to 52,000 of a large number of new, low-cost gold 

in return for Teck’s paying 50% of the | tons of ore per day by 1992. In the fourth mines, most of which produce some 

related legal costs. Included in the legal | quarter, a fourth ball mill became oper- | byproduct silver. More recently, the 

costs was approximately C$213 million | ational, allowing the mill to process up to prices of such nonferrous metals as 

to reimburse LAC for its expenditure to | 32,000 tons of ore per day. copper, lead, and zinc have increased, 

develop the mine. Control of Consolidated Gold Fields | stimulating an increase in the produc- 

In September, Noranda and Trelleborg | PLC was acquired by Hanson PLC, a | tion of these commodities. As is the 

AB acquired control of Falconbridge | British conglomerate, in early August. | case with gold mines, most of these 

Ltd. Falconbridge, a Canadian copper, | The acquisition ended a nearly year- other nonferrous mines also produce 

gold, nickel, silver, and zinc producer, | long battle for Gold Fields, an interna- | some byproduct silver. In either case, 

was expected to increase Noranda’s silver | tional mining company with gold and | the byproduct silver is either concen- 

production by 40% in 1990. Following | silver operations in Australia, the Re- | trated when the ore is processed or 

the acquisition, Noranda and Trelleborg | public of South Africa, and the United | recovered with the principal product. 

each had a 50% interest in Falcon- | States. Gold Fields became an acquisi- | Because the additional cost of recover- 

bridge’s assets, including 11 mines and 5 | tion target when Minorco S.A., a | ing the silver is relatively low, its pro- 

metallurgical plants. Bermuda-based investment company | duction is not dependent on the de- 

with ties to the Republic of South | mand for silver; rather, its production 

Other Countries Africa, made a hostile bid for all of the | is dependent on the demand for and 

In March, Battle Mountain Gold Co. | Gold Field shares that it did not already resultant production of the principal 

acquired 33.3% of the stock of Inti | own. Hanson’s winning bid, made in | product. Therefore, assuming that do- 

Raymi S.A., a Bolivian gold-silver pro- | July, valued Gold Fields at more than | mestic economic conditions remain 

ducer. In July, Battle Mountain ac- | $5.5 billion, making the acquisition the similar to those of 1989 and that the 

quired an option to increase its equity | largest in British history. It was widely | price of commodities such as copper, 

interest in Inti Raymi to 51%. Inti | believed that Hanson would attempt to gold, lead, and zinc do not decline 

Raymi operated the Kori Kollo Mine, a | recover part of the purchase price by | significantly, it is expected that the 

heap-leach operation in Western Bo- | selling some of Gold Fields’ assets. In | domestic silver supply will remain near 

livia near Oruro. For 1989, Kori Kollo | mid-August it was announced that | 2,000 tons per year during the 1990-92 

produced about 6 tons of silver.® Hanson had sold a 30% stake in Gold | period. 

In November, the initial pour of | Fields South Africa, a gold and byprod- Worldwide, the silver supply is also 

gold-silver bullion was made at the | uct silver producer. The sale reduced | expected to remain near the 1989 level 

Crixas Mine, an underground opera- | the original Gold Fields holding in the of 14,500 tons. It is assumed that labor 

tion in the Brazilian State of Goias. | South African company to 8%. unrest in countries such as Peru does 

The mine was a joint venture of not increase significantly and that local 

Mineracao Morro Velho S.A. (50%) population concern about mining oper- 

and two Brazilian subsidiaries of Inco | ations, such as in Papua New Guinea, 

Ltd. Included at the mine site was a | CURRENT RESEARCH does not spread. 

1,000-ton-per-day mill. —_——__-. Future industrial demand for silver is 

In November, Freeport McMoRan harder to forecast owing to the lack of 

Inc. announced that it and three affil- Silver-related research and develop- | data. Some analysts believe that the 

iates would restructure their operations | ment was extensive in 1989. Numerous | domestic industry demand for silver is 
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growing at a rate of perhaps 5% per | down of the circulating coinage, the | Products for Trade and Industry 
year. Other analysts believe that in | Treasury attempted to control the silver Refined silver is available in the form 
1989, U.S. industrial demand for silver | price through increased silver sales and | of bars, grain, sheet, strip and foil, 
declined. It is believed that during | increased minting operations from | wire, rod and tubing, powder, and : 
1990-92, industrial silver demand will | 1964-67. A reduced silver content half | flake. Bars produced at refineries gen- 
grow slightly, primarily because of its | dollar, along with silverless dimes and | erally weigh about 31 kilograms and are 
lower cost. Worldwide, demand for sil- quarters, were introduced in 1965 to | about 30.5 centimeters long by 12.7 

| ver is expected to grow at a slightly | help maintain the supply of circulating | centimeters wide and 10.2 centimeters 
higher rate than in the United States, | coinage, and in 1967, the Treasury an- | thick. Grain silver is produced by pour- 
primarily because political events such | nounced that all silver coins were being | ing molten silver into water, creating 
as those in Eastern Europe should open | withdrawn from circulation. irregularly shaped silver particles less 
new markets for products containing Silver occurs as native metal, but is | than 1.3 centimeters across. Silver 
silver. _| usually found combined with sulfur. | sheet, strip and foil, are available in 

Until the 16th century, the ratio of | widths of up to almost 2.1 meters and 
$$ ____________________ | silver to gold produced in Europe was | as thin as 0.01 millimeters. Generally, 

BACKGROUND about 10 to 1. Most of the silver was | the thinner the sheet or foil, the nar- 
= | ODtained from the lead sulfide ore ga- | rower it is in width. Silver rod and wire 

lena. With the discovery and exploita- | can range from 5 centimeters in diam- 
, Silver has played an important role in | tion in the 16th and 17th centuries of | eter to 0.1 millimeter in diameter. 

peoples’ lives since ancient times. Early | silver deposits in Bolivia, Mexico, and | Openings in silver tubing can range 
man used silver for ornaments and | Peru, silver production shifted from | from capillary size through 15 centime- 
utensils and as a substance that could | Europe to these countries. As produc- | ters in diameter. Silver powders are 
be bartered for other goods and serv- | tion increased in Bolivia, Mexico, and | generally powder-size (0.5 to 2 mi- 
ices. This concept of the “value” of | Peru, the world ratio of silver to gold | crometers) spherical particles, although 
silver eventually led to its use as the | production increased because silver was coarser sized particles can be produced. 
standard in monetary systems, such as | relatively more abundant than gold in 
that of the Roman Empire, and as a | the New World. Following the 1859 | Geology-Resources a 
means of paying for international | discovery of the Comstock Lode in About two-thirds of the world silver 
trade. Silver continued to be the stan- | Nevada, the United States was the | reserves and resources are contained in 
dard for most currencies until the dis- | world’s leading silver producer from | copper, lead, and zinc deposits. Ores in 
covery of major silver deposits in Mex- | 1871 to about 1900. Mexico was the | which silver or gold are the main compo- 
ico and Peru. As more silver deposits | leading producer from 1900 to 1968, | nents account for the remaining one- 
were discovered in the 18th and 19th | yielding to Canada from 1968 to 1976. | third of total world reserves and re- 
centuries, countries gradually aban- | In 1976, Mexico regained the position | sources. U.S. silver resources are 
doned silver as the standard for their | of the world’s leading silver producer, a | estimated to be about 190,000 tons. !° 
currencies in favor of a gold standard. | position that it held through 1989. Total world silver resources are estimated 

Expanding industrial use of silver to be about 780,000 tons. 
eventually led to the elimination of The chief silver minerals found in U.S. 
silver in U.S. coinage. In the early | Definitions, Grades, and reserves are native silver (Ag), argentite 
1960’s, the U.S. Department of the | Specifications (Ag,S), cerargyrite (AgC1), polybasite 
Treasury became a major supplier of The purity of silver in bullion, coin- | (Ag,,Sb,S,,), prousite (Ag,;AsS;3), pyrar- 
silver to industrial consumers. The | age, jewelry, or other items is usually | gyrite (Ag3SbS;), stephanite (Ag,SbS,) 
Treasury, however, had _ insufficient | expressed by its “fineness,” or parts per | and tetrahedrite [Cu;(Sb,As)S,)]. Other 
stocks to meet both industrial demand | thousand. Pure silver or fine silver is | ore minerals of silver are the tellurides, 
and maintain an adequate supply of | 1,000 parts fine, or 100.0% silver. Ster- stromeyerite, and pearceite. 
circulating silver coinage for a pro- | ling silver is 925 fine, or 925 parts U.S. silver reserves are usually found 
longed period. When the silver price | (92.5%) silver and 75 parts (7.5%) | associated with intermediate felsic 
reached $1.29 per ounce, the value of | copper. Domestic coin silver is an alloy | rocks such as andesites and rhyolites, in 
the silver in a silver dollar equaled $1 in | that was used in minting coinage until | veins ranging from a few inches to 8 
currency. At silver prices greater than | 1964 and contained 900 parts silver and | feet in width. Ores from which silver is 
$1.29, the silver in a silver dollar would | 100 parts copper. Commercial silver | produced as a byproduct are usually 
have been worth more than $1 in cur- | bullion ranges from a minimum of 999 | found in copper porphyries, massive 
rency, and as a result, it could have | to 999.9 fine. For any fineness of silver | sulfide deposits, or in copper-lead-zinc 
been advantageous to melt silver dol- | bullion, the principal impurities are | vein deposits. Currently, the United 
lars for their silver content, thereby | gold or copper. Doré silver is unrefined | States is experiencing extensive explora- 
decreasing the amount of circulating | silver bullion generally containing a | tion for precious metal deposits, most 
coinage. Similarly, if the silver price | variable percentage of gold as an impu- | of which is being conducted in the 
rose above $1.38 per ounce, the silver in | rity. Silver for the NDS is required to be | Rocky Mountain States. It is likely that 
dimes, quarters, and half-dollars would | 999 fine; free of Slag, dirt, or other | if major new reserves are discovered, 
have been worth more than the coin’s | foreign material; and in bars weighing | the deposits will be located in this 
face value. To avoid a possible melt- approximately 31 kilograms. region. 
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: Technology solution. Zinc dust is used to precipi- | cause of the depths reached in the Coeur 

: tate the gold and silver from the cya- | d’Alene district, rock bursts are relatively 

Mining.—Silver is mined using well- | nide solution. The precipitate is melted | common. Temperatures are uncomfort- 

established open pit and underground | in a furnace to produce a doré metal. | able at these depths, and air conditioning 

methods. Open pit mining consists of Silver bullion is generally refined us- | must be used in ventilation systems. 

removing overburden, drilling and | ing an electrolytic process. In the proc- Gains in productivity are difficult to 

blasting the exposed ore, loading the | ess, electricity is applied to a standard | achieve because the possibilities for 

‘broken ore, and hauling the ore to the | electrolytic cell in which the impure mechanization are limited by the rela- 

processing plant. Overburden removal | silver bullion is used as the anode, | tively narrow veins mined. In recent | 

is done with draglines or bulldozers, | silver nitrate and nitric acid is used as | years, companies have attempted to in- 

depending on the depth of the ore | the electrolyte, and either pure silver | crease productivity through modification 

body. The broken ore is loaded by | strips or graphite are used as the cath- | of labor agreements to allow more flexi- 

either power shovels or front-end load- | ode. Passage of an electrical current | bility in work assignments and compen- 

ers, and the ore is shipped to the proc- | results in dissolution of silver in the | sation and by improved mining plans. 

essing plant by truck, train, conveyor | anode and its subsequent deposition as Although silver is not a toxic substance 

belt, or some combination of these | silver crystals on the cathode. The sil- | in other than very large doses, a standard 

transport modes, depending on the dis- | ver crystals are collected, melted, and | has been established for worker exposure 

tance to the plant. cast into bullion bars. to airborne silver. The Occupational 

Underground mining of silver is gen- Safety and Health Administration cur- 

erally done using one of several stope Economic Factors rently requires that worker exposure to 

mining methods. Stope mining consists Costs of mining silver ores vary | either silver metal or soluble silver com- 

of the development of a series of hori- | greatly with depth, ground control | pounds be less than 0.01 milligram per 

zontal workings, or stopes, into the ore | problems, ventilation, width of vein, cubic meter of ambient air. 

| body from a shaft or tunnel. The stopes | continuity of ore bodies, location, pres- Nearly all silver-bearing ores are proc- 

are located above each other and are | ence of byproduct metals, and the | essed after grinding by flotation or 

vertically separated by as much as 200 | availability of electricity, water, labor, | cyanidation. Pollution of downstream 

feet of ore. The ore between the stopes is | and equipment. Low-grade deposits | waters by fine solids from flotation 

removed through the use of explosives. can often be mined profitably if suffi- | plants is a problem that requires ade- 

cient quantities of other metals are | quate ponding and retention of tail- 

Beneficiation.—Current treatment | contained in the ore. Accurate informa- | ings. Disposal or stabilization of the 

of silver-containing base metal ores is | tion on capital costs is difficult to accumulated tailings can be a problem 

almost entirely by a flotation process. | obtain, not only because of variability | at some mines. It can be partially 

The concentrates contain the silver | in the factors enumerated above, but | solved in those deep mines where 

along with the copper, lead, and zinc. | because of differences in accounting | ground support is needed by pumping 

The silver is recovered from intermedi- | methods and definitions used by the | the tailings back into the mine. In 

ate products resulting from smelting | mining industry. In general, some cyanidation operations, extreme care 

the concentrates. In predominatly lead | mines appear capable of producing sil- | must be exercised to avoid contamina- 

ores, silver is carried down with the | ver at a cost of less than $160,000 per | tion of the groundwater, nearby water 

lead in smelting and separated from it | ton while other mines require a silver | courses, Or surrounding areas through 

by the addition of zinc to the molten | price in excess of $260,000 per ton to be | losses of leach solution. As a result, the 

silver-lead mixture. The mixture is al- | profitable. Underground mining is, in | solution collection system for returning 

lowed to cool, and the virtually insolu- | general, more expensive than surface | the leachant to the storage tanks and 

ble silver-zinc alloy separates from the | mining. the system for monitoring water in the 

molten lead and rises to the surface USS. silver-producing companies are | surrounding area must be adequate to 

where it is skimmed. In addition to the | permitted a depletion allowance of | prevent pollution. 

silver, this first crust contains lead and | 15% for domestic operations and 14% Achieving adequate air pollution 

any gold contained in the original ore. | for foreign operations. There are no (sulfur dioxide) control and disposing of 

The zinc is distilled in a retort for reuse. | tariffs onthe importation of silver ores, | slag and other wastes (iron and silica) are 

The retort residue is roasted to recover | concentrates, doré scrap, or refined | the problems encountered in smelting 

the gold and silver as doré metal and | bullion. Tariffs on semimanufactured | silver ores. Refining presents little envi- 

the lead as litharge. silver can be as high as 27.5% ad | ronmental concern because the bulk of 

In predominantly copper ores, the | valorem for countries receiving most- | noxious impurities are removed during 

silver is carried down with the copper | favored-nation classification and can | the smelting step; however, spent solu- 

in smelting. In the electrolytic refining | be as high as 110% ad valorem for | tions from electrolytic refining present a 

of copper, the silver accumulates in the | imports from those countries classified | disposal problem because of toxic mate- 

anode slime, from which it is recovered | as non-most-favored nation, depending | rials in the solutions. 

as silver bullion by smelting. on the item. 
Gold and silver ores are generally | 

treated by cyanidation. The ores are Operating Factors 'Hecla Mining Co. 1989 Annual Report. 32 pp. 

crushed by grinding in rod or ball mills Silver mining is, in general, no more 2 Pegasus Gold Inc. 1989 10K Report. 82 pp. 

and then leached with a dilute cyanide | hazardous than other mining, but be- 3 Echo Bay Mines Ltd. 1989 Annual Report. 64 pp. 
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*Amax Gold Inc. 1989 Annual Report. 36 pp. TABLE 2 

>Handy & Harman. The Silver Market, 1989. 74th 

Annual Report. 28 pp. MINE PRODUCTION OF RECOVERABLE SILVER 

© Agnico-Eagle Mines Ltd. 1989 Annual Report. 62 IN THE UNITED STATES, BY STATE 

y Cominco Ltd. 1989 Annual Report. 48 pp. (Metric tons) 
* Battle Mountain Gold Co. 1989 Annual Report. 46 

es New Silver Technology. Silver Summaries From the State INST 1988188 
Current World Literature. Published under the auspices Alaska Ww Ww 0 I Ww 
of The Silver Institute; available from New Silver Tech- | Arizona 152 140 114 152 171 
nology, 1400 Folson, Suite 2A, Boulder, CO 80302. California 4 5 4 15 21 

Heyl, A. V., W. E. Hall, A. E. Weissenbom,H.K. | Colorado” 17 0 7 7 W 
Stager, W. P. Puffett, and B. L. Reed. Silver. Ch. in. | ————-____ 
United States Mineral Resources, ed. by D. A. Brobst Idaho 586 349 Ww 340 439 
and W. P. Pratt. U.S. Geol. Survey Prof. Paper 820, | Michigan W W WwW WwW W 

1973, p. 596. Missouri 51 45 37 45 53 

Montana 125 148 185 192 194 

Nevada 154 199 379 608 625 

Oregon — — W Ww W 

South Carolina W W W W W 

OTHER SOURCES OF INFORMATION $ | South Dakota 2 W WwW 3 4 
Other? 137 167 496 279 500 

Total? 1,227 1,074 1,241 1,661 2,007 
W Withheld to avoid disclosing company proprietary data. 

"Less than 1/2 unit. 

2 Includes Illinois, New Mexico, New York, Tennessee, Utah, and Washington and States indicated by symbol “W.” 
Bureau of Mines Publications 3 Data may not add to totals shown because of independent rounding. . 

Silver. Ch. in Mineral Commodity 

Summaries, annual. 

Gold and Silver. Reported Monthly in TABLE 3 
Mineral Industry Surveys. MINE PRODUCTION OF RECOVERABLE SILVER : 

Minerals Today (bimonthly). IN THE UNITED STATES, BY MONTH 

| (Metric tons) 

Month 1985 1986 1987 1988 1989 

Other Sources January 107 115 99 116 143 
American Metal Market, New York. February 95 101 97 114 139 
Engineering and Mining Journal, March 105 102 105 131 166 
Chicago, IL. April 100 99 103 126 160 

Jewelers’ Circular-Keystone, Radnor, May 104 90 99 129 176 
PA. June 100 86 101 142 174 

Metals Week, New York. july” 100 84 110 142 175 

Mining Journal (London). August 104 81 107 152 185 
The Northern Miner, Toronto, Canada. September. 91 89 109 152 179 
The Silver Institute Letter (bimonthly), October 120 39 105 157 168 
the Silver Institute, Washington, DC ——$———___—. 

November 97 74 100 150 170 

December 102 78 106 150 173 

Total! 1,227 1,074 1,241 1,661 2,007 
'Data may not add to totals shown because of independent rounding. 
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TABLE 4 

TWENTY-FIVE LEADING SILVER-PRODUCING MINES IN THE 
UNITED STATES IN, 1989, IN ORDER OF OUTPUT | 

we Sr a 

_ Rank Mine County and Operator Source of silver : 
_g weale 

1 Greens Creek Admiralty Greens Creek Mining Co. Zinc ore. 

Island, AK 

2 Paradise Nye, NV FMC Gold Co. Gold ore. 

Peak 

3 Sunshine Shoshone, ID Sunshine Mining Co. Silver ore. 

4 Rochester Pershing, NV Coeur Rochester Inc. Do. 

5 Candelaria Mineral, NV NERCO Metals Inc. Do. 

6 Bingham Salt Lake, UT Kennecott-Utah Copper Co. Copper ore. 

Canyon | 

7 Troy Lincoln, MT ASARCO Incorporated Silver-copper ore. | 

8 Galena Shoshone, ID do. . Silver ore. 

9 McCoy and Lander, NV Echo Bay Mining Co. Gold ore. 

Cove 

| 10 Coeur Shoshone, ID ASARCO Incorporated Silver ore. | 

11 Lucky Friday | do. Hecla Mining Co. Lead-zinc ore. 

12 DeLamar Owyhee, ID Nerco DeLamar Co. Gold-silver ore. 

13 | Tyrone Grant, NM Phelps Dodge Corp. Copper ore. 

14 Escalante Iron, UT Hecla Mining Co. Silver ore. 

15 Sierrita Pima, AZ Cyprus Sierrita Corp. Copper ore. 

16 Mission do. ASARCO Incorporated Do. 

Complex! 

17 Montana Jefferson, MT Montana Tunnels Mining Inc. Gold ore. 

Tunnels 

18 White Pine Ontonagon, MI Copper Range Co. Copper ore. 

19 Continental Silver Bow, MT Montana Resources Inc. Do. 

20 Trinity Pershing, NV U.S. Borax & Chemical Corp. Silver ore. 

21 Morenci Greenlee, AZ Phelps Dodge Corp. Copper ore. 

22 Bagdad Yavapai, AZ Cyprus Bagdad Copper Co. Do. 

23 Buick _ Iron, MO The Doe Run Co. Lead-zinc ore. 

24 Wind Washoe, NV - Amax Gold Corp. Gold ore. 
Mountain : 

25 Ray Pinal, AZ ASARCO Incorporated Copper ore. 

' Includes Eisenhower, Mission, Pima, and San Xavier Mines. 
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TABLE 5 

SILVER PRODUCED IN THE UNITED STATES, BY STATE, TYPE OF MINE, AND CLASS OF ORE! 

Lode 
Year and State (mettie rons Gold ore Gold-silver ore Silver ore 

of silver) Metric Metric tons Metric Metric tons Metric Metric tons 
tons of silver tons of silver tons of silver 

1985 ?) 24,392,566 51 946,969 63 3,903,328 747 
1986 9) 38,931,526 120 788,434 56 5,040,027 493 
1987 1 62,044,114 221 W W 7,944,696 432 
1988 (?) 108,310,781 *372 WwW WwW 9,573,505 674 
1989: Oo a a OT oo a 

Alaska W W W — — — — 
Arizona (?) 134,536 3 — — _— — 
California W 17,045,563 20 — — — — 
Colorado W W 5 — — — — 
Idaho — W 1 W W WwW WwW 
Illinois — —_ — — — — — 
Michigan — W W — — — — 
Missouri — — — — — — — 
Montana — 13,290,968 12 — — W WwW 
Nevada WwW 104,766,110 454 32,173 11 W WwW 
New Mexico oe W W — — — — 
New York — — — — — — — 
Oregon WwW — — — — — — 
South Carolina — W W — — — — 
South Dakota — 4,173,944 3 — — — — 
Tennessee — — — — — _ — 
Utah — 4,440,675 7 WwW WwW 292,175 51 
Washington — W W — — — — 

Total W 153,826,050 528 W WwW 4,450,703 524 
Percent of total silver (7) XX 26 XX W XX 26 saa hI ERI 

ede Total Copper ore Other? 4 

Metric Metric tons Metric Metric tons Metric Metric tons 
tons of silver — tons of silver tons of silver 

1985 140,304,031 300 11,170,326 64 180,717,219 1,227 
1986 > 133,060,395 > 345 5,484,734 59 183,305,115 1,074 
1987 201 434,248 477 W W 279,753,709 1,241 
1988 "222,306,768 485 WwW WwW “350,639,851 1,661 
1989: a Oo a an OO a 
Alaska — — W W W WwW 
Arizona | 141,811,972 165 W W 142,036,494 171 
California — —_— W W 17,171,602 21 
Colorado — — W W 1,554,668 WwW 
Idaho WwW W W WwW 3,958,757 439 
Illinois — — — W — WwW 
Michigan W W — — W W 
Missouri — — 6,834,189 53 6,834,189 53 
Montana WwW W W Ww 35,319,986 194 
Nevada W W — — 108,459,275 625 
New Mexico 29,415,333 77 — — W W 
New York — — W W W W 
Oregon — — — — — WwW 
South Carolina — — — — W W 

See footnotes at end of table. 
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TABLE 5—Continued 

SILVER PRODUCED IN THE UNITED STATES, BY STATE, TYPE OF MINE, AND CLASS OF ORE’ 

I 

dg Total 

Copper ore Other 

Metric Metric tons Metric Metric tons Metric Metric tons 

tons of silver tons of silver tons of silver 

1989—Continued | 

South Dakota — — 92 4 4,174,035 4 

Tennesse — — WwW W W W 

Utah W W — — W W 

Washington — — | — _ _ WwW __ wW_ 

Total 230,558,082 529 W W 405,732,025 2,007 

Percent of total silver XX 26 XX W XX 100 

Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” XX Not applicable. 

Data may not add to totals shown because of independent rounding. 

2 Less than 1/2 unit. 

3 Includes lead, zinc, copper-lead, lead-zinc, copper-zinc, copper-lead-zinc ores, and old tailings, etc. 

4Includes silver recovered from tungsten and fluorspar ores. 

5 Includes copper-zinc ore and silver recovered from copper-zinc ore. 

TABLE 6 

SILVER PRODUCED IN THE UNITED STATES BY CYANIDATION' 

a 
ee a aaa” 

Leaching in vats, tanks, Leaching in open 

and closed. containers? * heaps or dumps* 

Year i i 

Ore treated Silver Ore treated Silver 

(metric tons) recovered (metric tons) recovered 
(metric tons) (metric tons) 

1985 13,990,519 212 13,494,706 84 : 

1986 17,481,228 233 25,057,030 113 

1987 * 17,942,079 280 45,256,274 254 

1988 26,603,455 302 86,870,554 456 

1989 37,031,057 226 117,836,833 564 

" Revised. 

' May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 

Including autoclaves. 

3 May include small quantities recovered by gravity methods. 

4 May include tailings and waste ore dumps. 
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TABLE 7 

LODE SILVER PRODUCED IN THE UNITED STATES, BY STATE | 

Amalgamation Cyanidation Smelting of concentrates Smelting of ore Total 

Year and Ore Silver Ore Silver coin. “ tes. Silver Ore Silver _—- Total ore silver ; 
State treated recovered treated recovered trated smelted recovered smeltered recovered processed Tr ecovered 

fmehe reine (mete meine metric ete, (RES (ne oe eon 
tons) tons) 

1985 — — 37,485,225 296 152,997,656 4,103,779 912 234,339 18 180,717,219 1,226 

1986 682,585 (>) 42,538,258 346 139,899,530 3,542,557 717 184,742 9 183,305,115 1,074 

1987 W W "63,198,353 534 211,446,971 4,459,843 696 W W *279,753,709 1,240 

1988 1,512 () 113,474,009 758 * 236,925,134 4,943,949 884 239,195 19 "350,639,851 1,661 

1989: EE 

Alaska — — WwW WwW WwW W W — _— W WwW 

Arizona — — W WwW 141,807,608 2,398,289 165 102,188 W 142,030,089 4171 

California WwW W 14,988,930 19 W WwW W — _ 17,171,602 421 

Colorado 1,613 (*) W W W WwW W W W 1,554,668 W 

Idaho _ — 3,007,878 59 950,879 60,780 381 _ — 3,958,757 439 

Illinois — — — — — — WwW — — — W 

Michigan —- = W W W Ww WwW 181 (°) Ww w i} 
Missouri — — — — 6,834,189 577,356 53 _ — 6,834,189 53 

Montana — — W W 22,042,908 221,251 183 W W 35,319,986 194 — 

Nevada _ _ 108,154,153 623 WwW W WwW WwW W 108,459,275 *625 | 

New Mexico — — — — W WwW W W WwW WwW W | 

New York — — — — W W W — — W W 

South Carolina — — W Ww — — — — — W W 

South Dakota — — 4,173,944 3 — — — 92 1 4,174,035 4 

Tennessee — — — — WwW WwW WwW — — WwW W 

Utah — — 4,732,850 58 W W W W W W W 

Washington — — W W W WwW W — — W WwW 

Total — W WwW 154,867,890 790 248,846,222 5,164,847 1,195 188,566 W 405,725,620 2,007 

"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 

' Includes old tailings and some nonsilver-bearing ores not separable, in amounts ranging from 0.04% to 0.12% of the totals for the years listed. Excludes fluorspar, molybdenum, and tungsten ores from 

which silver was recovered as a byproduct and excludes ores leached for recovery of copper. 

2Data may not add to totals shown because of independent rounding. 

Less than 1/2 unit. 

4 Includes some placer production to avoid disclosing company proprietary data. 

TABLE 8 

U.S. REFINERY PRODUCTION OF SILVER 

(Metric tons) 

Raw material 1985 1986 1987 1988* 1989 

Concentrates and ores: 

Domestic and foreign 1,674 1,319 1,415 1,474 1,718 

Old scrap 866 762 810 852 735 

New scrap 1,389 1,448 1,316 1,505 1,495 

Total ! 3,928 3,529 3,541 3,832 3,948 
"Revised. 

' Data may not add to totals shown because of independent rounding. 
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TABLE 9 

YEAREND STOCKS OF SILVER IN THE UNITED STATES 

(Metric tons) 

1985 1986 1987 1988 1989 

Industry 574 550 "471 "480 544 

Futures exchanges 5,385 5,042 5,279 5,862 7,795 

Department of the Treasury 1,015 1,052 1,229 1,201 997 

Department of Defense 14 78 75 81 81 

National Defense Stockpile 4,277 3,960 3,517 3,310 2,973 

" Revised. 

TABLE 10 | 

U.S. SILVER PRICES 

(Dollars per troy ounce) 

~ Period Low ——_ High Average | 
Price Date Price Date 

1985 5.57 Mar. 12 6.74 Mar. 27 6.14 

1986 4.87 May 20 6.20 Jan. 27 5.47 

1987 5.36 Jan. 7 10.20 Apr. 27 7.01 

1988 6.01 Nov. 21 and 7.99 July 21 6.54 

Dec. 29 

1989: a _ — 
January 5.82 Jan. 31 6.17 Jan. 23 5.97 

February 5.80 Feb. 13 6.00 Feb. 23 5.89 

March 5.76 Mar. 30 6.14 Mar. 14 and 21 5.93 

April 5.65 Apr. 28 5.88 Apr. 12 and 13 5.79 

May 5.20 May 30 5.66 May | and 2 5.45 

June 5.15 June 30 5.44 June 8 5.28 

July 5.13 July 31 5.38 July 6 5.24 

August 5.07 Aug. 31 5.24 Aug. 2 and 22 5.18 

September 5.02 Sept. 15 5.29 Sept. 26 5.13 

October 5.06 Oct. 10 5.25 Oct. 4 5.13 

November 5.17 Nov. 1 5.84 Nov. 22 5.47 

December 5.14 Dec. 29 5.7] Dec. 12 5.53 

Average and date 5.02 Sept. 15 6.17 Jan. 23 5.50 

Source: Handy & Harman daily quotation. 
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TABLE 11 

U.S. EXPORTS OF SILVER, BY COUNTRY! 

Ores and Wastes and Doré and Refined 2 
concentrates scrap precipitates bullion Total 

Year and country Quantity Value —«- Quantity Value Quantity Value Quantity Value Quantity Value 
(kilo- (thou- (kilo- (thou- (kilo- (thou- (kilo- (thou- (kilo- (thou- 
grams) sands) grams) sands) grams) sands) grams) sands) grams) sands) | 

1985 8,394 $1,651 321,147 $67,884 "38,112 $9,551 392,246 $81,746 "759,899 $160,832 
1986 8,840 1,630 401,715 72,729 56,148 11,436 314,440 56,785 781,142 142,581 

_ 1987 472 150 425,325 96,738 67,286 16,294 349,610 79,123 842,693 192,305 
1988 25,450 1,416 475,481 99,797 53,733 10,844 443,831 94,029 998,495 206,086 
1989: . CO oo oO — — OO — 

Argentina — — — — — — 1,875 375 1,875 375 
Australia — — 90 54 — — — — 90 54 
Austria — — 289 51 — — 351 62 640 113 
Belgium 114 26 79,030 18,440 — — 236 42 79,380 18,508 
Brazil — — 80 22 407 109 — — 487 131 
Canada 316 91 139,213 26,765 1,681 309 80,791 14,538 222,001 41,703 
China — — 80 22 — — — — 80 22 
Dominican Republic — — 1,183 209 — — — — 1,183 209 
France — — 162,580 30,111 2,007 358 1,886 332 166,473 30,800 
Germany, Federal | 
Republic of — — 24,730 5,086 2,490 444 16,134 3,153 43,354 8,683 

Hong Kong — — 1,201 233 187 33 101 18 1,489 284 
Israel — — 51 9 — — — — 51 9 
Italy 55 16 13,030 1,108 3 2 346 61 13,434 1,187 
Japan — — 174,383 20,117 2,892 521 186,540 33,332 363,815 53,970 
Korea, Republic of — — 279 52 — — 18,277 3,547 18,556 3,598 
Lebanon . — — — — — — 1,900 336 1,900 336 
Mexico — — 1,479 249 — — 292 63 1,771 312 
Netherlands 68 18 — — — — — — 68 18 
Panama — — 72 13 — — — — 72 13 
Singapore — — 82 15 349 62 52 16 483 92 
South Africa, 
Republic of — — 1,135 201 — — — — 1,135 201 

Sweden — — 25,919 4,648 — — — — 25,919 4,648 
Switzerland — — 19,842 4,808 58,436 11,738 2,732 497 81,010 17,043 
Taiwan — — 1,724 307 7,922 1,415 2,231 417 11,878 2,139 
Thailand 35 10 — — — — 452 107 487 117 
United Kingdom — — 121,114 32,244 2,290 487 115,756 20,890 239,161 53,621 
Venezuela — — 3,074 544 — — — — 3,074 544 
Other 19 5 131 33 — — 158 27 308 66 
Total? 607_—«166_—770,788~——«145,340 ~—=«78,664.~—=«d15,478 430,110. -«77,812~—=«W1;,280,169 238,797 

" Revised. . 
' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export data may not be comparable with previous years’ data. 
Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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- TABLE 12 

U.S. IMPORTS FOR CONSUMPTION OF SILVER, BY COUNTRY 1 

I CTI 

Ores and Wastes and Doré and Refined 3 

concentrates * scrap precipitates bullion Total 

Year and country (Quantity Value” Quantity Value. Quantity Value Quantity Value Quantity Value 

kilo- (thou- (kilo- (thou- (kilo- (thou- (kilo- (thou- (kilo- (thou- 

grams) sands) grams) sands) grams) sands) grams) sands) grams) sands) 

1985 109,892 $20,180 55,076 $10,854 307,919 $65,364  °4,244,107 °$849,471 °4,716,995 "$945,869 

1986 171,556 30,926 58,066 10,372 377,638 68,590 3,899,300 688,296 4,506,560 798,183 

1987 83,401 18,019 105,881 22,514 242,017 53,858 2,113,765 460,235 2,545,065 554,627 

1988 191,324 35,508 60,470 12,995 245,122 52,840 2,260,049 476,181 2,756,964 577,524 

1989: I 

| Argentina —_ — — — — — 13,973 2,811 13,973 2,811 

Australia — — 8 34 — — 4,219 764 4,227 798 

Bolivia . 79 17 — — — — 442 81 521 98 

Brazil — — — — — — 3,001 666 3,001 666 

| Canada 1,741 550 38,832 23,307 311 59 1,157,141 217,820 1,198,025 241,736 

Chile . 284 129 250 370 1,561 275 22,529 4,482 24,624 5,256 

China — — 53 680 — — — — 53 680 

Dominican Republic — — 91 74 24,660 4,937 402 100 25,153 5,111 

Ecuador — — — — 4,959 985 1,841 382 6,800 1,366 

El Salvador — — 384 13 — — — — 384 13 

Germany, Federal 

| Republic of — — 6 89 — — 10,023 1,635 10,029 1,724 

Haiti — — 80 100 — — — — 80 100 

| India — — 8,807 550 — — — — 8,807 550 

Israel — — 5,000 169 — — — — 5,000 169 

Italy — — 24 5 8 2 395 51 427 58 

Japan — — 329 99 — — — — 329 99 

Korea, Republic of | — — 84 150 — — — — 84 150 

Malaysia — — 4,200 435 — — 6,219 1,097 10,419 1,532 

Mexico 4,011 1,457 2,587 1,015 108,687 21,236 1,656,634 316,705 1,771,919 340,413 

Netherlands Antilles — — — — — — 365 70 365 70 

Panama — — 18 35 — — 42 9 60 44 

Peru — — 916 224 722 124 85,883 14,910 87,521 15,258 

Philippines — — 121 72 — — 170 30 291 102 

Singapore — — 939 135 — — — — 939 135 

South Africa, 

Republic of — — — — 1,069 195 1,473 295 2,542 489 

Sweden 880 145 967 11,427 — — — — 1,847 11,572 

Switzerland 13 1 5,694 54,438 — — — — 5,707 54,440 

Taiwan — — 719 1,537 — — — — 719 1,537 

Tanzania — — — — 399 70 — — 399 70 

Thailand — — 80 13 — — — — 80 13 

United Kingdom — — 20,469 680 — — (‘) 2 20,469 682 

Uruguay — — — — — — 60,886 10,662 60,886 10,662 

Venezuela — — — — — — 1,368 245 1,368 245 

Yugoslavia — — — — — — 34,540 5,964 34,540 5,964 

Zaire — — — — 363 60 — — 363 60 

Other 5 3 96 603 — — — — 101 606 

Total? 7,013 2,301 90,753 96,254 142,739 27,943 3,061,548 578,781 3,302,054 705,278 

" Revised. 

| Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export data may not be comparable with previous years’ data. 

2 Includes silver content of base metal ores, concentrates, and matte imported for refining. 

3 Data may not add to totals shown because of independent rounding. 

4 Less than 1/2 unit. 

Source: Bureau of the Census. 
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TABLE 13 TABLE 14 

WORLD ANNUAL SILVER SILVER: WORLD MINE PRODUCTION, BY COUNTRY! 
PRODUCTION CAPACITY, ! 

DECEMBER 31, 1989 (Metric tons) 
(Metric tons) Country2 1985 1986 1987 1988P 1989¢ 

_ | Algeria © 4 4 4 4 4 

Rated Argentina 68 66 60 79 78 
fp IY ralig 1,086 1,023 1,119 1,118 1,000 | 
North Americas Bolivia 111 95 142 232 3267 
Canada 1380 Brazil 4 32 46 50 59, 60 
—Mexieo 2,420 Bulgaria® 29 28 28 28 28 
_United States 2,130 Burma 18 16 26 9 8 
Other 8 ta 1,197 1,088 1,375 1,371 31285 

ott __©:090 | Chile 517 500 500 507 507 
South Americas China® | 80 90 100 110 125 
ee ______ >20 Colombia > | 5 6 5 ©7 7 
se on Costa Rica® 6) 6) 6) 6) ) 
—_ Jd) | Caechoslovakia® (" °) ("°) (" °) (’ °) (°) 

Torah 2,990 Dominican Republic 50 41 36 40 323 
ee Ecuador‘ 6) 6) (6) ) ) 
Poland 1,060 Fiji (6) 1 1 1 1 
Spam 370 Finland 31 37 44 ©31 32 
USSR 1,500 France 26 26 25 22 20 
Other __890 German Democratic Republic 41 41 41 40 39 
foal 3,820 Germany, Federal Republic of "38 28 31 31 31 

Alea 50! Ghana (5) (5) 1 1 1 
Asis Greece 51 54 52 ©53 53 
a 360 Greenland 10 12 13 14 15 
i 86 54 23 58 60 
Tote 1,040 __ | india 25 35 38 44 334 

Qceamias Indonesia 38 47 50 58 374 
Australia 1,120 Ireland 9 8 7 6 7 
Other Italy>7 72 56 82 92 93 

SS -— == Japan 339 351 281 252 3156 
TTncludes capacity at operating plame av well we ai plants on Korea, North* 50 50 50 50 50 
standby basis. Korea, Republic of 124 157 209 227 7239 

Malaysia 16 14 15 11 1] 

Mexico "2153 2,303 2,415 2,359 32306 
Morocco 85 49 ©44 226 225 

Namibia 106 108 75 117 100 

Nicaragua 1 “1 1 “1 1 

Papua New Guinea 46 56 61 70 70 

Peru 1,811 1,926 2,054 1,552 1,840 
Philippines "54 54 52 52 3.48 
Poland 831 829 831 1,063 1,060 
Portugal 1 ] 1 1 1 

Romania‘ 25 25 23 23 25 

Saudi Arabia‘ — — — 4 11 

Solomon Islands — — — (°) (°) 
South Africa, Republic of 208 222 208 200 3178 
Spain 367 327 350 353 350 
Sweden 231 235 215 193 195 
Taiwan 11 13 10 8 36 
Tunisia i 2 ©2 cm) 2 
Seefootnotes atendoftable. | 
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TABLE 14—Continued 

SILVER: WORLD MINE PRODUCTION, BY COUNTRY 1 

(Metric tons) 

a 

Country? 1985 1986 1987 1988? 1989° 

Turkey © 7 7 9 23 18 

U.S.S.R.°> 1,490 1,500 1,500 1,490 1,490 

United States 1,227 1,074 1,241 1,661 32,007 

Yugoslavia?” 156 177 165 139 140 

Zaire "43 34 37 24 20 

| Zambia 19 27 30 29 29 

Zimbabwe | 25 26 25 22 322 

~ Total "13,051 "12,970 13,757 14,167 14,452 

©Estimated. °Preliminary. ‘Revised. . 

' Recoverable content of ores and concentrates produced unless otherwise specified. Table includes data available through June 20, 1990. 

21n addition to the countries listed, Botswana produces silver and Austria and Thailand may produce silver, but iriformation is 

inadequate to make reliable estimates of output levels. 

3 Reported figure. 

4 Of total production, the following quantities, in metric tons, are identified as placer silver (the balance being silver content of other ores and 

concentrates): 1985—14 (estimated); 1986—20 (estimated); 1987—20 (estimated); 1988—22 (estimated); and 1989—22 (estimated). 

5 Smelter and/or refinery production. 

Less than 1/2 unit. — 
TIncludes production from imported ores. 
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SLAG—IRON AND STEEL 
By Judith F Owens | | 

Ms. Owens, a physical scientist with 3 years Bureau of Mines experience, has been the commodity specialist for iron and 
steel slag since 1988. 

otable events in the iron and | ~  _| studies on these wastestreams as mandated 
steel slag industry during 1989 DOMESTIC DATA COVERAGE under RCRA section 8002. The EPA had 
included the acquisitionofone | = ——s—<—~*‘;S*~~ C&L deen under a court-imposed deadline to 
of the Nation’s largest slag com- Sales, use, and transportation data for | DatTow the scope and definition of the 

panies and a major international concrete iron and steel sla developed by the | Bevill exclusion. The general criteria for ; ; g are developed by the . conference on natural pozzolans in which Bureau of Mines from a voluntary survey the Bevill exemption were as follows: 

slag played an integral role. The Federal of U.S. processors. Of the 86 operations 1. Nonliquid mineral processing wastes 
Environmental Pr otection Agency (EPA) canvassed, 86 responded, representing were generated at an average annual rate 
continued to assess Iron and steel slags as 100% of the total sales or use quantity data greater than 45,000 metric tons per year 
potential Bevill exclusion candidates under shown in table 1. Value data had to be per facility during any year between 
the Resource Conservation and Recovery éstimated for several operations using 1983 and 1988. | Act (RCRA). The Bevill exclusion tem- reports from prior years adjusted by in- bil 
porarily exempts certain high-volume, low- dustry trends 2. Wastes had to pass both a mobility 
hazard wastes from hazardous waste try " test (Method 1312) and toxicity test (i.e., regulation. a Method 1310), and the pH of the mineral 

Research during the year pertaining to | [LEGISLATION AND processing wastestream could not have 
‘slag utilization included studies such as slag GOVERNMENT PROGRAMS been less than 1.0 or greater than 13.5. 
in the manufacture of asphaltic concrete, | _- The specific iron and steel slags retained 
road base pavements, glass, concrete, mine under the Bevill exemption are iron blast 
backfill, and ceramics. On September 25, 1989, the EPA condi- | furnace, basic oxygen furnace, and open- 

Domestically, consumption of both iron | tionally proposed the retention of iron and | hearth furnace. Electric arc furnace slags 
and steel slag combined showed a moderate | steel slags under the exemption afforded by | did not qualify for the exemption because 
increase when compared with that of 1988, | the Bevill exclusion of RCRA, pending fur- | the percentage of nonminerals (scrap) used 
with continuing imports of granulated blast | ther evaluation of hazard data.! in the charge of the furnace was greater 
furnace slag entering into the west coast of The Bevill exclusion, section | than 50%. 
the United States. Steel slag consumption | 3001(b)(3)(A)(ii) of RCRA, exempts from It was expected that these iron and steel 
increased significantly for the second con- | hazardous (subtitle C) regulation high- | slags would be permanently retained under 
secutive year in a row, with substantial | volume, low-hazard wastes generated from | the Bevill exclusion of RCRA once the EPA 
gains in the marketing of steel slag as the | the extraction and beneficiation of ores and | finalized the list of wastes by mid-January 
aggregate in asphaltic concrete. minerals, pending the evaluation of EPA | 1990. If so retained, they would then be 

TABLE 1 

Iron and steel slags sold or used’ in the United States 
(Thousand short tons and thousand dollars) 

Blast furnace slag 
a Steel slag Total slag? Year Air-cooled Granulated Expanded Total iron slag? —_——_————- —— 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
1985 13,363 62,588 (°) (3) 1,742 24,290 15,106 86,878 5,972 17,472 21,078 104,351 
1986 13,501 58,899 (3) (°) 1,879 33,851 15,380 92,750 5,689 17,883 21,068 110,633 
1987 14,447 65,943 (3) (°) 1,774 33,750 16,221 99,693 5,013 15,787 21,234 115,480 
1988 14,242 69,415 (3) (3) 1,658 32,139 15,900 101,554 5,714 18,058 21,614 119,614 
1989 13,783 66,574 (°) (°) 1,706 29,143 15,489 95,717 7,376 24,056 22,865 119,772 
"Value based on selling price at plant. Includes estimated value data for several operations. 

Data may not add to totals shown because of independent rounding. 

*Included with ‘‘Expanded’’ to avoid disclosing company proprietary data. 
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subject to a study for Congress, which Domestic production of iron and steel | at $29,143,000. Grand totals and specific 

would be issued by about late July 1990. | slag, which is not reported to the Bureau | end-use information for both the expand- 

A final regulatory determination on all | of Mines, apparently remained essentially | ed and granulated slag had to be withheld 

Bevill exempted wastestreams, i.e., | unchanged from that of 1988 according to | to not disclose individual company pro- 

whether subtitle C or the nonhazardous | U.S. iron and steel production figures of | prietary information. Granulated slag was 

subtitle D regulation was warranted, was | the American Iron and Steel Institute. | predominantly used in the manufacture of 

anticipated by late January 1991. However, sales and uses of iron and steel | cement, and expanded slag was utilized in 

The Bureau of Mines continued to sup- | slag, when combined, increased 6% when | the manufacture of lightweight concrete 

port the position of the domestic iron and | compared with the level of the previous | blocks. Total end uses for 1989 were as 

steel slag industry by publicly submitting | year. follows: 

comments to the EPA that basically stated Production and consumption of iron slag 

that those slags that were processed and | in this chapter refer only to those slags that Expanded Granulated 

sold as commercial products were not, and | are generated in a blast furnace. Depending slag slag 

should not be, regulated as solid wastes. | on how the molten slag is cooled and | Cement manufacture X 

| solidified, three different types of blast fur- | [ichtweight concrete 

| nace slags can be produced. In the United | aggregate x 

PRODUCTION States, those types are as follows: air cool- | Road base X 

ot ed, expanded, and granulated. Steel slag | Soi conditioning =  ### X 

| in this country, however, is not processed |—__——s—‘“‘“‘“C;CSCC(COO~COCOC””.OCO~OCOCC 

The Standard Slag Co., one of the Na- | in any special manner and, for all practical 
tion’s top slag processors based in | Purposes, is essentially air cooled. The dif- | Steel slag consumption increased 29% 

Youngstown, OH, was sold in September | ferent types of steel slag are solely depend- | over that of 1988. The most significant in- 

1989 with six other affiliates for an un- | ent on the furnaces that generate them, | crease in end-use consumption for steel 

disclosed sum to the Lafarge Corp. based which are open hearth, basic oxygen, or | slag was as the aggregate in asphaltic 

in Reston, VA2 Included in the sale were electric arc. concrete. 

the Duquesne Slag Products Co., Pitts- 

burgh, PA, and the St. Louis Slag Products , : TTT 

| Co., Granite City, IL. Also acquired from CONSUMPTION AND USES TRANSPORTATION 

the Standard Slag Holding Co. were Stan- 

dard Aggregates Inc., Cleveland Builders Historically, iron and steel slags have ef- . . , ; 

Supply Co., Standard Materials Inc., and | fectively replaced natural aggregates such Historically, high transportation cost 1s 
; - | one of the major factors affecting the 

the Portsmouth Trucking Co. Lafarge, a | as crushed stone and sand and gravel in ; . . 
; ; 5 , delivered price of construction aggregates 

major producer of aggregates and construc- | many end uses, owing to slag’s relatively 
a ae . ; such as crushed stone and sand and gravel. 

tion materials in North America, bought | lower cost, proven superior performance . . 
: ; ae Because slag is a relatively high-volume, 

these companies to expand its Construction | in many applications, and/or shortages of os 
; . ; . low-value commodity, nearly all of it is 

Materials Group in the United States. This | natural aggregates in certain regions. ae 
Caee ' marketed locally. Most slag is shipped by 

acquisition represents a growing U.S. trend Sales of slag products generally reflect : 
Lone _S truck because hundreds of customers are 

toward vertical integration by some cement, | demand from the construction industry. iy 
| widespread geographically and generally 

concrete, and aggregate companies to lock | According to the U.S. Department of Com- . 
; os require a more flexible and rapid delivery 

up sufficient minerals reserves for the | merce, total new construction in 1989 re- . . 
| ; . _ | system than is offered by rail or barge. 

future. mained essentially unchanged from that of ; 
, ah: Of all the iron and steel slag products 

Edward C. Levy Co., Detroit, MI, | 1988% Private nonresidential construction . . 
5 sold in 1989, 87% traveled by truck with 

another of the country’s top slag pro- | also remained at the level of the prior year, . 1. 
ne . an average marketing range of 27 miles; 

cessors, entered into a joint venture with | whereas new road and bridge construction 3% traveled by waterway with an average 
Queensland Cement Ltd. and Cleary | decreased 5%. 1, ; 

; ; , range of 245 miles; and 5% traveled by rail 
Brothers to form Australian Mill Services Air-cooled blast furnace slag continues . :; 

3 ; ; ; with an average range of 210 miles. The re- 
Pty? Australian Mill Services will process | to be the predominant form of iron slag mainine 5% was used at the plant where 

and market the slag from Broken Hill Pro- | processed in the United States, accounting it was S cuss ed P 

perties (BHP) Port Kembla complex; in- | for more than 89% of the blast furnace slag _ P 

cluded are air-cooled, expanded, and | sales in 1989. The most significant in- 

granulated slag. creases from 1988 in end uses for aif- | pRICES 

International Mill Service Inc., a whol- | cooled slag were as the aggregate im | ————___ 

ly owned subsidiary of EnviroSource Inc. | asphaltic concrete and for use in roofing, 

headquartered in Stamford, CT, acquired | either built-up or in shingles. The increases The average price, f.o.b. plant, for all 

the Waylite Corp., Bethlehem, PA, in | were 61% and 31%, respectively. blast furnace slag sold decreased slightly 

January 1989. Waylite processed blast fur- Granulated and expanded blast furnace | from that of 1988 to $6.18 per ton. The 

nace slag into both air-cooled and | slag accounted for the remainder of the iron | price of air-cooled blast furnace slag re- 

lightweight (expanded) aggregate and | slag sold or used in the United States in | mained essentially unchanged from the 

primarily marketed the slag as cement and | 1989. Consumption of combined expand- | level of the previous year at $4.83 per ton. 

cement-based products throughout the | ed and granulated slag increased slightly Granulated and expanded slag price infor- 

Northeastern United States. from that of 1988 to 1,706,000 tons valued | mation was withheld to avoid disclosing 
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company proprietary data. The unit value | resistance were among the factors studied. Egypt | 
for steel slag increased 3% from that of | Researchers concluded in part that the use R hers at Z ‘Universit 

| 1988 to $3.26 per ton. of iron and steel slags as a road pavement z “sear E crs t a tu died the h aration SI . 
base performed as well as or even better forts f “hy iro thermally " hardenc d 

TADITOR mang | than the test sections constructed with the , 
FOREIGN TRADE natural aggregate. The one blend that per- granunated ae qummace-Sag.alite ee san 

formed outstandingly well as a bound base wide ly used as a ‘naterial  eteaee 
Statistics developed by the U.S. Depart- | Material contained air-cooled blast furnace the manufacture of cement because of its 

ment of Commerce, Bureau of the Census, | S!ag, basic oxy orn furnace slag, granulated relatively low price and savings in fuel indicated that 109,854 tons of granulated slag, and fly ash in the following propor- energy. The relationships between the 
blast furnace slag valued at $4,533,227 was | Hons: 90:20:20:10. hydration characteristics of various slag- 
imported into the country during 1989. The A joint venture between Queensland Ce- alite-quartz mixtures and the compressive 
breakdown was as follows: 40,014 tons from | ment Lid., Cleary Bros. » and the Edward strength of the final hardened products Japan, valued at $336,719; 23,149 tons from C. Levy Co. of Detroit, MI, was formed were determined experimentally. Investiga- 
Switzerland, valued at $240,660; and | 1 1989 to process and market blast furnace tions of the hydration kinetics, such as the 
46,691 tons from Canada, valued at | and basic oxygen furnace slag from BHP's free lime content, were also studied. $3,955,848. It should be noted that the | Port Kembla complex. The consortium was Researchers concluded that the addition of | Canadian imports may be, in fact, expand- awarded a long-term contract. The blast quartz to the slag-alite-quartz mixture in- 
ed or pelletized slag. Verification by the furnace slag will be processed into three creased the strength of the final product. 
Census Bureau of the type and actual value | different types: air-cooled, exp anded, and They also discovered that the higher the 
of the Canadian imports was not completed granulated. . Queensland Cement s wholly alite content, the higher the compressive by the time of publication. The Japanese | OWned subsidiary, North Australia Cement strength. 
imports entered into the country through slag we Prowse a Pnaville plant; umace 

Siete imports reportedly ane ees granulated blast furnace slag. Germany, Federal Republic of 
through Cleveland, OH. Canadian imports | Canada Traditionally, ground granulated blast reportedly entered into the country primari- furnace slags have been used as an integral 
ly through Detroit, MI, Cleveland, OH, Mining companies in the Sudbury Basin component in cement. Steel slag historical- 
and Baltimore, MD. region of Ontario have been interested in ly has not been used in such a confined ap- 

a low-cost viable alternative to portland ce- | plication because of its inherent capability 
wnapolnomny,~ | ment as the binding agent for cementing | to expand Owing to its relatively high free WORLD REVIEW mine backfill. Research on ground | lime content. Recently, however, resear- 

| granulated blast-furnace slag as a potential | chers have undertaken a closer examination 
Australia binder in the backfill was undertaken by the | of the possibility that steel slag could be 

Canadian Centre for Mineral and Energy | used in the manufacture of cement. One 
A joint project between the University | Technology of the Energy, Mines and | such study was undertaken by researchers 

of Newcastle, New South Wales, and in- | Resources of Canada ® The main objective | at the University of Dortmund, Dortmund, 
dustry was undertaken to construct and test | of the study was to determine the com- | Federal Republic of Germany’ Researchers 
road pavement sections incorporating iron | pressive strength of mine backfills con- | observed the hydration of five different 
and steel slags.5 The main objective of the | structed with slag in both a laboratory and | basic oxygen furnace (bof) steel slag pastes. 
study was to monitor and determine | a field test. A slag granulating system was | They were interested in determining the ef- 
whether steel mill slags could be suitable | constructed at Algoma Steel Corps Sault | fect different activators would have on 
as road base materials. The companies in- | Ste. Marie plant. Forty-six metric tons of | hydration and if a correlation between the 
volved in the study were BHP Rod and Bar | granulated slag was produced and shipped | mineralogical and chemical composition of 
Products Div., Newcastle, BHP Slab and | for grinding down to the appropriate | the different steel slags and the rate of 
Plate Products Div., Port Kembla, and | fineness. Samples were then constructed | hydration existed. Methods used in the 
Boral Resources, Sydney. The test sections | with varying proportions of granulated slag | analysis included thermogravimetric, loss 
were made from various blends and mix- | and portland ‘cement Type 10 (Canadian | on ignition, and powder X-ray diffraction. 
tures of the following materials: air-cooled | Standards Association) as the binders and | Mortar specimens were also constructed 
blast furnace slag; granulated blast furnace | tailings from four different mines as the ag- | utilizing various blends and proportions of 
slag; basic oxygen furnace steel slag; fly | gregate. Control samples were made with | granulated blast furnace slag, steel slag, 
ash; and a high-quality natural aggregate, | 100% portland cement. Laboratory test | and portland cement clinker. The goal was 
dacite. Control samples were made with | results found that when the slag was used, | to study the performance characteristics, 
the natural aggregate. The test sections | the compressive Strength of the mine | such as the strength and porosity, of the 
were constructed on a road that was sub- | backfill was either comparable with or even | various cement blends. Methods employed 
ject to heavy industrial traffic on the ap- | greater than the compressive strength of the | in the analysis of the mortar specimens in- 
proaches to a weigh bridge at BHP’s | control sample. A field test was designed | cluded mercury porosimetry. The study 
Newcastle Works. The performance of the | to test the physical properties of the | concluded in part that the steel slags 
test sections was monitored both in the field | cemented mine backfill. The performance | hydrated in the presence of water were 
and laboratory. Pavement stiffness, assess- | in the field of the mixtures incorporating | comparable to portland cement rather than 
ment of deformation, and surface skid | slag was considered satisfactory. granulated slag. In the beginning, sodium 
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hydroxide acted as an accelerator, and the | blast furnace slag as the major raw material | medium. Control samples were constructed 

sodium was not incorporated in the slag | in the production of glass containers.’? Bat- | similar to those above but with river gravel 

hydrate phases. The results of the analysis | ches were prepared with 40% to 50% slag | substituted as the coarse aggregate. The 

of steel slag as a cement binder revealed | by weight, powdered quartz sand (SiO), | concrete cubes were then immersed in four 

that the high free lime content did not result | and varying amounts of reagent-grade | different aggressive sulfate solutions for 

in unsoundness when blended with either | chemicals such as lithium oxide, zirconium | more than 20 years. The solutions consisted 

portland cement or blast furnace slag. No | oxide, and sodium sulfate. The slag glasses | of strong and weak solutions of magnesium 

clear correlation between the different bof | produced were amber to yellow-green in | sulfate and sodium sulfate. Some of the 

slags’ chemical and mineralogical com- | color. Experimental results demonstrated | conclusions reached after 22 years includ- 

ponents and mortar strength diminution | that the slag glasses were very effective in | ed the following: those blast furnace slag 

was found. Based on the analysis of the | absorbing ultraviolet (UV) radiation owing | aggregate concretes complying with British 

porosity and compressive strength of the | to the presence of both ferrous and ferric | Standards 1047 performed satisfactorily in 

mortars made with blast furnace slag, bof | ions. The researchers concluded that con- | terms of sulfate resistance; performance of 

slag, and portland cement, the researchers | tainers made from slag glass would be | the slag aggregate concretes in corrosive 

concluded that the cement would be accep- | suitable for liquids that require protection sulfate solutions was broadly similar to that 

table for practical use on specific occasions | from UV rays, such as beer, wine, and | of the natural aggregate concretes; slag ag- 

according to German standards. | citrus-flavored drinks. gregate concretes made with SRPC in strong 

sulfate solutions deteriorated at a rate 

Japan United Kingdom similar to the gravel aggregate concretes; 

, The Building Research Establishment in slag aggregate concretes in SRPC performed 

Ree ee Kawasaki Coy. J wan, England published the results of a 24-year | a8 well as the natural aggregate concretes 

have developed a low-cost amenity ceramic | SPecial investigation on the effect of blast | in weak sodium sulfate, but were margin- 

based on granulated blast furnace slag? The furnace slag aggregate in concrete on the ally worse in weak magnesium sulfate. 

material has strong growth potential in the embedded steel reinforcing bars.'° In 1962, | _____ 
construction industry as a low-cost replace- chloride-free concrete prisms were con- | CT]RRENT RESEARCH 

ment for wood and artificial wood products structed using ordinary portland cement, —— 

in buildings. The material is considered a a sulfate-resisting portland cement, and ; oo. ; 
wet ceramic because the composite mix- four types of commercially available air- A third major international conference 

ture can be molded and dried without the cooled blast furnace slag products. Con- entitled “Fly Ash, Silica Fume, Slag and 

need for expensive sintering. A typical trol samples were also constructed utilizing Natural Pozzolans in Concrete,” was held 

composition of the material is: 85% to 95% a Thames Valley River gravel aggregate. | in Trondheim, Norway, June 18-23, 1989.!> 

ground granulated blast-furnace slag mix- The steel reinforcement was of a commer- | The conference _was sponsored by the 

ed with water and alkali, 5% to 10% cially bright mild steel stock. The concrete | American Concrete Institute, Detroit, MI; 

polymer binding, and 3 % to 5% glass prisms were then placed outside in an in- | the Canadian Centre for Mineral and 

fibers. Some of the amenity ceramic’s pro- dustrial environment for 24 years and were | Energy Technology of the Energy, Mines 

perties are as follows: specific gravity of removed in 1986 and destructively examin- | and Resources of Canada; the Norwegian 

0.5: fire resistant; does not physically ed. The reinforced steel bars revealed no | Institute of Technology; and several other 

change in response to water or dry air; easi- cracking nor indication of corrosion and organizations in Canada and Norway. More 

ly cut and colored; and is hygroscopic. were judged to be in nearly perfect condi- than 11 sessions were held on slag, 

Figures releas ed by Japan’s Steel Slag tion. No observed differences between the specifically granulated blast furnace slag. 

Association revealed that the production of steel bars embedded in the slag aggregate | Topics included durability, curing, activa- 

blast furnace slag in 1989 was 25,215,000 concrete and those embedded in the natural | tion, characterization and reactions, 

tons. of which 60%, or 15,129,000 tons ‘was | 22gregate concrete were found. The resear- | mechanical properties, waste containment, 

utilized inthe produ ction of cement 1° Steel chers concluded that the concrete made | and various other topics. 

slag production during the year was with the slag aggregate had provided almost Steel slag usage has steadily increased 

12.448000 tons, of which only 31%, or complete protection for the reinforcing steel | worldwide, particularly in the application 

3858000 tons "was utilized in road | 12 chloride-free conditions, and the perfor- | of asphalt surface mixtures. Research con- 

construction, mance was comparable with the dense con- | ducted as part of an investigation for the 

NKK, in conjunction with another cretes made with natural aggregate. Indiana Department of Transportation (IN- 

Japanese company, Okutana Kogyo, began The Building Research Establishment | DOT) attempted to further evaluate steel 

marketing a ground solidifying material also published the results in 1989 of a slag’s suitability as an aggregate in 

based on slag.!! The material is prepared 22-year study on the durability of slag | bituminous pavement surface layers.'® The 

by mixing soil with powderized slag which aggregate concretes stored in sulfate solu- | findings were presented at the January 1990 

in turn stabilizes the ground for construc- tions.'4 Six different air-cooled blast fur- | annual meeting of the Transportation 

tion work to be undertaken in such difficult | 2#°° slags were examined. All but one | Research Board in Washington, DC. The 

areas as harbors and rivers. complied with British Standards 1047. | study was conducted on samples made from 

Numerous concrete cubes were made with | various combinations of steel slag and 

Taiwan slag as the coarse aggregate, river sand as | natural sand aggregates. The research, in 

the fine aggregate, and either ordinary | addition to a comprehensive literature 

The National Chen University, Taiwan, | portland cement or sulfate-resisting | search, included field and laboratory testing. 

conducted research on the suitability of | portland cement (SRPC) as the cementing | Six different combinations of varying 

944 SLAG—IRON AND STEEL MINERALS YEARBOOK—1989



og rr 

proportions of steel slag as the coarse ag- | and steel. Consumption of slag is solely | Lafarge Corp. (Reston, VA). 1989 Annual Report. 53 pp. 
gregate, natural sand as the fine aggregate, | dependent on supply and demand. In cer- *Huhta, R. S. International Cement Review. Rock Products, 
and an AC-20 asphalt cement were made. | tain regions in the United States, demand | “. ‘us 4, Apr. oe PP. nee on Review. V 
Between 1979-81, these steel slag asphalt | for slag products exceeds supply. For iron | ,. No. 6 Newbee 08, os onstruction Keview. ¥. 
mixtures were used to construct thick sur- | and steel production and outlook, Please |  steaton, B. S. Steelworks Slag Road Pavement Test Sec- 
face layers for several Indiana roadways. A | refer to the Bureau of Mines Minerals Year- | tions. Aust. Road Res., v. 19, No. 2, June 1989, pp. 145-154. 
pavement performance history of these test | book chapter on Iron and Steel. “Douglas, E., and V. M. Malhotra. Ground Granulated 
sections was compiled and included the In the United States, there has been on- | B!#stFurnace Slag for Cemented Mine Backfill: Production . . . eos . . and Evaluation. CIM Bull., v. 82, No. 929, Sept. 1989, pp. results of skid resistance measurements, | ly a slight variation in the markets for iron 77-36. 
visual inspections, and even pavement sur- slag occurring over the past 100 years, and 7Abd El-Wahed, M. G., H. El-Didamony, A. M. Amin, 
face temperatures. Marshall mix design | there is very little indication that this will | and A. S. Taha. Hydration of Granulated Slag-alite in the 

Pp e e & e Ty e « procedures such as unit weight, percent air | change in the future. However, there will | Presence of Quartz. Jour. of Mat. Sci., v. 24, 1989, pp. 
voids, flow values, and Marshall stability | be a gradual change over the next 5 to 10 ooonte A. Hydraulic Reactions of LD Steelwork SI 
were conducted in the laboratory. Indirect | years in the type of iron slag produced in | (| G™ ‘ Hycuulic| 1989 pp oO 
tensile tests and the effects of freezing and | this country. Some iron slag that is currently |  sgis¢ puts on a Good Face. Adv. Mat. & Proc., v. 137, 
thawing cycles were also studied as part of | processed as air cooled will be replaced by | No. 3, Mar. 1990, p. 6. 
the investigation. Some of the conclusions | the granulated type. It is expected that the ‘The TEX Report. V. 22, No. 5109, Feb. 28, 1990, p. 2. 
reached were as follows: pavement surfaces | capacity for granulated slag in the United "——. V. 22, No. 5128, Mar. 28, 1990, p. 2. 

: ° : ° 12Wang, M. C., J. H. Liaw, N. C. Wu, and M. H. Hon. that used steel slag aggregate in the asphalt | States will effectively double in the future. ; . . . . . Blast Furnace Slag as a Raw Material for Glass Melting. Glass surface mixtures may provide good skid Steel slag has not yet achieved the full | 7.3, y. 30 No 1 Feb. 1989 pp. 29-32. 
resistance; steel slag in the asphalt paving | market potential that iron-blast- furnace 13Davies, H. Long-Term Performance of Mild Steel Bars 
mixtures displayed exceptionally high sta- | slag has in this country, in part, owing to | Embedded in Concrete Containing Dense Blastfurnace Slag 
bility, which may also be rut resistant; and | steel slag’s capability to expand upon the | Aggregate. Mag. of Con. Res., v. 41, No. 146, Mar. 1989, 
the use of natural sand as the fine aggregate | hydration of its calcium and magnesium ox- PP oan Ww H.. and A. D. Russell. Blastfurnace SI 
in combination with the steel slag as the | ides. However, the market for steel slag C UH, MW. fey and A. D. Russell. Blastfurnace Slag as : . . oarse Aggregate for Concrete Stored in Sulfate Solutions coarse aggregate provided among other should continue to grow in the future, Pat- | for 22 Years. Mag. of Conc. Res., v. 41, No. 146, Mar. 1989, 
attributes good stability for the mixture. | ticularly if research continues to | pp. 33-39. 

demonstrate its market potential. 'SMalhotra, V. M. (ed.). Fly Ash, Silica Fume, Slag, and 
Natural Pozzolans in Concrete. Proceedings of the Third In- 

OUTLOOK —_ ternational Conference sponsored by CANMET and ACI, 
ae 1Federal Register. Environmental Protection Agency. Min- Trondheim, Norway, June 18-23, 1989, 1714 pp. 

. . . ing Waste Exclusion and Definition of Designated Facility; ‘*Noureldin, A. S., and R. S. McDaniel. Evaluation of Production of iron and steel slags is | Notice of Proposed Rulemaking. V. 54, No. 184, Sept. 25, | Steel Slag Asphalt Surface Mixtures. Transportation Research 
directly related to the production of iron | 1989, pp. 39298-39318. Board preprint 89-0673, 1990, 42 pp. 

TABLE 2 

BLAST FURNACE SLAGS SOLD OR USED! IN THE UNITED STATES, BY REGION AND STATE 
(Thousand short tons and thousand dollars) 

Ce 
1988 1989 

; Air-cooled, screened Total, Air-cooled, screened Total, 
Region and State and unscreened all types and unscreened all types 

Quantity Value Quantity Value Quantity Value Quantity Value eee EOE CN arntityVattue 
North Central: 

Illinois, Indiana, Michigan WwW WwW W W W W WwW W 
Ohio 2,324 W WwW WwW 2,818 15,728 WwW WwW 

Total W WwW 8,466 42,507 WwW WwW 8,819 41,572 

Middle Atlantic: 

Maryland, New York, West Virginia 1,319 7,107 WwW WwW 1,351 7,324 WwW W 
Pennsylvania 2,220 13,000 W WwW 2,591 14,999 WwW WwW 

Total 3539 20107 Ww _ OW 3,942 22,323 W W 
West: Colorado, Texas, Utah WwW Ww WwW WwW WwW WwW WwW WwW 
South: Alabama and Kentucky W WwW WwW WwW WwW W W WwW 
Pacific: California 591 2,303 591 2,303 ~ — — — 

Grand total? 14,242 69,415 15,900 101,554 13,783 66,574 15,489 95,717 
W Withheld to avoid disclosing company proprietary data; included in ‘‘Total’’ and ‘‘Grand total.’’ 
Value based on selling price at plant. 

"Data may not add to totals shown because of independent rounding. 
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TABLE 3 : 

PROCESSORS OF IRON AND STEEL SLAG IN THE UNITED STATES IN 1989 | 

Ns S$ ——  -Oreonwmnanaaa 

Slag source 

. Company Plant location _Tron  —— Steel . Blast furnace 

Blast Basic oxygen Open Electric arc Slag type 

furnace furnace hearth furnace 

American Aggregates Middletown, OH X . Air-cooled. 

Do. New Miami, OH xX Do. 

Blue-Circle Atlantic Inc. Sparrows Point, MD X Granulated. 

Buffalo Crushed Stone Buffalo, NY X Air-cooled. 

Dunbar Slag Co. Inc. Wheatland, PA X Xx | X Do. 

Duquesne Slag Products Co. West Alliquippa, PA X D4 Xx Do. 

Do. West Mifflin, PA X X X Do. 

Do. (Brown Reserve) West Mifflin, PA X X Do. 

Fountain Sand and Gravel Co. Pueblo, CO X Do. 

Fritz Enterprises Inc. Lorain, OH X Do. 

Gascola Slag Co. Penn Hills, PA X Do. 

Heckett Co. Emeryville, CA Xx Do. 

Do. Fontana, CA X — 

Do. : Bourbonnais, IL Xx — . 

Do. Chicago, IL X Air-cooled. 

Do. Sterling, IL xX — 

Do. Indiana Harbor, IN X — 

Do. Ashland, KY X XxX Air-cooled. 

Do. Coalton, KY xX — 

Do. Owensboro, KY Xx — 

Do. Kansas City, MO xX — 

| Do. Jackson, MS X _ 

Do. Charlotte, NC xX — 

Do. Canton, OH X — 

Do. Mansfield, OH X — 

Do. Warren, OH xX X — 

Do. Butler, PA xX — 

Do. Fairless Hills, PA xX X — 

Do. Johnstown, PA — xX — 

Do. Natrona Heights, PA x — 

Do. Georgetown, SC xX —_ 

Do. Geneva, UT X xX Air-cooled. 

Do. Kent, WA | xX — 

Do. Seattle, WA Xx — 

Hempt Bros. Inc. Steelton, PA p,4 — 

International Mill Service Fort Smith, AK X — 

Do. Pueblo, CO X — 

Do. Jacksonville, FL Xx — 

Do. Tampa, FL | x — 

Do. Atlanta, GA X — 

Do. Cartersville, GA X — 

Do. Alton, IL X -- 

Do. Chicago, IL x Air-cooled and expanded. 

Do. Granite City, IL p,4 — 

Do. Gary, IN x Xx — 

Do. Laplace, LA ».¢ — 

Do. Baltimore, MD X — 
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TABLE 3 

PROCESSORS OF IRON AND STEEL SLAG IN THE UNITED STATES IN 1989 (Continued) 

EE Slagsouree 
. Iron Steel Blast furnace 

Company Plant location ———. ee a ovr" ' 
Blast Basic oxygen Open Electric arc slag CPE | 
furnace furnace hearth furnace | 

International Mill Service| Jackson, MI Xx — | 

Do. | Monroe, MI X — | 

Do. | Kansas City, MO X — | 
Do. St. Paul, MN x — | 
Do. Perth Amboy, NJ xX — | 

Do. Riverton, NJ . xX — 

Do. Marion, OH X — 

Do. Middletown, OH X — 

Do. Mingo Junction, OH X — | 

Do. Sand Springs, OK X — | 

Do. Beaver Falls, PA xX — 

Do. Burgettstown, PA xX — 

Do. Coatesville, PA xX — 

Do. Midland, PA Xx — 

Do. Patton, PA Xx —_ 

Do. Reading, PA X 

Do. Jackson, TN X — : 

Do. Beaumont, TX X — | 

Do. | El Paso, TX X — | | 
Do. Jewett, TX X _ | 
Do. Longview, TX xX — | 

Do. Midlothian, TX x _ 7 
Do. Plymouth, UT X — o 
Do. Weirton, WV Xx — | 

C. J. Langenfelder & Son Inc. Sparrows Point, MD X — | 

Edward C. Levy Co. Detroit, MI X X X Air-cooled and expanded. | 
The Levy Co. Inc. Burns Harbor, IN Xx X Do. 

Do. East Chicago, IN X Air-cooled. 

Do. Gary, IN Xx — 

Maryland Slag Co. Baltimore, MD Xx Air-cooled. | 

Sheridan Corp. Lebanon, PA Xx Do. ! 

The Standard Slag Co. Cleveland, OH X Do. | 

Do. Lordstown, OH X Granulated. ! 

Do. Mingo Junction, OH xX Air-cooled. | 

Do. Warren, OH X Do. 

Do. | Weirton, WV X Do. 
Stein, Inc. Cleveland, OH xX X — 

Do. Lorain, OH XxX — , 

St. Louis Slag Products Co. Granite City, IL X Air-cooled. | 

Vulcan Materials Co. Alabama City, AL X X Do. 

Do. Fairfield, AL X X Do. 

Warner Co. Bala-Cynwyd, PA X Air-cooled and expanded. 

Waylite Co. (Div. IMS) Bethlehem, PA X Do. 
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TABLE 4 TABLE 5 

SHIPMENTS OF IRON AND STEEL AIR-COOLED BLAST FURNACE SLAG SOLD OR USED’ IN THE 

SLAG IN THE UNITED STATES UNITED STATES, BY USE 
IN 1989, BY METHOD OF (Thousand short tons and thousand dollars) 

TRANSPORTATION SSeS 
1988 1989 

. U — TT eee eee a 
Quantity se Quantity Value Quantity Value 

Method of transportation srort tons Asphaltic concrete aggregate 1,042 6,511 1,673 8,771 

— 1,752 9,325 1,394 8, Truck 19,835 Concrete aggregate 043 

—— Concrete products 383 2,505 412 2,586 
Waterway 667 Day 
Ral 1.108 Fill 1,410 4,643 1,651 5,119 

Not transported (used at plant sie) «1,256 | Class manufacture | OS W Ww W at plant site , ——— 
—eeEeEee—Ee—yErre se eesesesess | Mineral wool 542 3,830 510 3,285 

Total 22,865 _ 
_| Railroad ballast W W 248 1,285 

Road base 8,095 36,858 7,276 32,981 
Roofing, built-up and shingles 70 689 92 1,027 

Sewage treatment . WwW WwW WwW W 

Soil conditioning WwW WwW WwW WwW 

Other? 834 5,052 527 3,474 

Total? 14,242 69,415 13,783 66,574 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ 

1Value based on selling price at plant. 

2Includes snow and ice control, miscellaneous uses, and data indicated by symbol W. 

3Data may not add to totals shown because of independent rounding. 

| TABLE 6 

STEEL SLAG SOLD OR USED! IN THE UNITED STATES, BY USE 
(Thousand short tons and thousand dollars) 

1988 | 1989 

Quantity Value Quantity Value 

Asphaltic concrete aggregate 654 2,976 969 3,835 

Fill . 1,451 4,039 1,374 5,057 

Railroad ballast WwW W 213 670 

Road base 2,630 7,647 3,141 9,169 

Other? 980 3,398 1,679 5,325 

| Total 5,714 18,058 7,376 24,056 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ 

Value based on selling price at plant. 

2Includes snow and ice control, blast furnace feed, miscellaneous uses, and data indicated by symbol W. 

TABLE 7 

AVERAGE VALUE AT THE PLANT FOR IRON AND STEEL SLAGS 

, SOLD OR USED IN THE UNITED STATES 
(Dollars per short ton) 

Blast furnace slag 
Yy “Air  Gmamr Total Granu Total Steel Total 
ear - ranu- oO 

] sla 
cooled lated Expanded iron slag me 

1984 4.33 WwW 11.49 5.09 3.28 4.66 

1985 4.68 W 11.00 5.75 2.93 4.95 

1986 4.36 W 12.57 6.03 3.14 5.25 

1987 4.56 W W 6.15 3.15 5.42 

1988 4.87 W WwW 6.39 3.16 5.48 

1989 4.83 W Ww 6.18 3.26 5.24 
W Withheld to avoid disclosing company proprietary data. 
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TABLE 8 | 

AVERAGE SELLING PRICE AND RANGE OF SELLING PRICES 

AT THE PLANT FOR IRON AND STEEL SLAGS IN THE 

UNITED STATES IN 1989, BY USE 
(Dollars per short ton) 

Blast furnace slag Steel slag | 

Use Air-cooled Granulated Expanded a | 
S$ — ————————————_-_ ————_ Average Range 
Average Range Average Range Average Range 

Asphaltic concrete 
aggregate 5.24 2.44-8.50 — — — — 3.96  3.05-5.33 | 

Cement manufacture WwW W Ww WwW — _ — — | 

Concrete aggregate 5.77 2.00-8.50 — — - =< — — | 

Concrete products 6.27  4.00-8.50 — — — — — — 

Fill 3.10 1.46-8.50 — — — — 3.68  1.05-8.96 

Glass manufacture WwW W — — — — — | — 

Lightweight concrete 
aggregate — — — — WwW WwW — — 

Mineral wool 6.44 4.32-11.70 — — — — — — 

Railroad ballast 5.18 4.00-7.50 - .=- — — 3.14 1.96-6.58 

Road base 4.53.  2.56-8.50 WwW WwW — — 2.92 0.85-6.17 

Roofing, built-up and | 
shingles 11.22 4.00-22.00 — — — — — — | 

Sewage treatment WwW W — — — — — — | 

Soil conditioning WwW WwW WwW WwW — — — — : 

Other 3.27 1.88-6.56 — — WwW WwW 3.17 = 1.00-6.50 | 

W Withheld to avoid disclosing company proprietary data. | 
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By Dennis S. Kostick 

Mr. Kostick, a physical scientist with 11 years Bureau of Mines experience, has been the commodity specialist for soda 
ash since 1979. Domestic survey data were prepared by Carleen Militello, mineral data assistant; and international data 
tables were prepared by William Zajac, Chief, International Data Section. 

he U.S. soda ash industry op- | availability, negotiated new contracts at ISSUES 
| ; erated at 97% of rated capac- | higher prices. The strong world demand | ~~~ esessssssSsSsSsSsS—‘“‘“‘“‘isCS 

ity to produce a record 9.9 | for soda ash also made US. exports grow 
million short tons. The in- | 18% over the previous year. The environ- Environmental concerns of emis- 

crease in production was because of the | mental and political events in the world, | sions of chlorine-based compounds, 
strength of export sales, which also was | which began to occur in 1989, should | such as those used in chlorofluorocar- 
a record, and moderate growth in cer- | provide excellent opportunities for U.S. | bons (CFC’s) and in paper bleaching, 
tain domestic markets, such as in soaps | soda ash in the future. have reduced chlorine demand and pro- 
and detergents and pulp and paper. duction of coproduct caustic soda since 
Although consumption in these two; ———(ss—s—‘<‘;S~™—™—SCSSsSSSCd gs A result, caustic soda prices 
domestic markets was higher than in | DOMESTIC DATA increased while supplies became tight. 
the previous year, total domestic con- COVERAGE Certain chemical consumers, such as 
sumption declined. Most of the de- | ————"—"—C——CC" | tthe pulp and paper, chemical, and alu- 
crease was attributed to certain sectors mina industries, began switching to less 
that switched back to using caustic Domestic production data for soda | expensive soda ash. However, after 
soda when prices and availability be- | ash are developed by the Bureau of | mid-1989, many customers reverted to 
came favorable by midyear. Mines from monthly, quarterly, and | caustic soda as prices and availability 

The high operating rate of the do- | annual voluntary surveys of U.S. oper- | became balanced. Because of the dis- 
mestic soda ash industry prompted an | ations. Of the six soda ash operations | covery of trace amounts of carcino- 
increase in the offlist price of the ma- | to which a survey request was sent, all | genic dioxin (2,3,7,8-TCDD) and furan 
terial as supplies became tight. Several | responded, representing 100% of the | (2,3,7,8-TCDF) from paper bleaching, 
consumers, concerned about future | total production data shown in table 1. many paper mills stayed with soda ash. 

The international awareness of envi- 
ronmental problems is growing, and the 

TABLE 1 effects of chlorinated compounds are 
SALIENT SODA ASH ST ATISTICS under investigation. If the demand for 

- chlorine, which cannot be easily stored, 
(Thousand short tons and thousand dollars) continues to decline while the demand 

for caustic soda remains strong, soda ash 
| 1985 1986 1987 1988 1989 demand may soar. One soda ash pro- 

United States: ducer announced plans to make caustic 
Production! 8 8,511 8,438 8,891 9,632 9,915 soda directly from trona rather than the 
Value’ ~=~=~*«S622,253 «$553,517 «$593,685 $644,973 $764,146 traditional route of using salt as the 

"Production, Wyoming. =Ss=CSs*s=“‘—s~“Ss~*Ss*=“—s—s—s—s—SssSsSSSSSO feedstock. Some chlorine and caustic 
trona 11,823 13,237 13,869 15,116 16,286 | Soda manufacturers reportedly are also 

_Exports? s—~=~—<—~SSSTAT*«*«“«‘iKDS*“‘i(DS*~*«iaKT*~*«é 89 evaluating the possibilities of producing 
Value? —===~S~S*S*«*S'i2T34937 $241,238 $253,200 $286,945 $365,460 caustic soda directly. The future outlook 

Imports for consumption =» SCS aa a | for this scenario depends on the produc- Imports for consumption 56 106 150 133 142 . . . . Wale ee npg ee nap = | tion economics of making caustic soda 
Value «88,089 $15,023 $18,334 $15,999 $17,396 from trona and the transportation costs 

_Stocks, Dec. 31: Producers’ "392294 259288243 | Be Green River, WY, to caustic soda 
Consumption: markets. 

Apparent 6,750 6,593. ~—- 6,852 7,269 7,183 Another environmental issue that 
Reported NA NA 6,724 7,159 7,131 | has growing national importance is re- 

World: Production "32,111 "32,367 33,332 P 34,234 34,910 | cycling. Glass containers, the preferred 
©Estimated. Preliminary. ‘Revised. NA Not available. packaging medium for many years, have 
"Includes natural and synthetic for 1985 and 1986; natural only thereafter. Soda liquors and mine waters converted to soda ash undergone years of strong competition 

oEepont data for 1985-1988 were adjusted by the Buresu of Mines to reconcile data discrepancies among the Bureau of the Census, the from p lastic materials » &Sp ecially in the American Natural Soda Ash Corp, and Statistics Canada. beverage container sector. Public con- 
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cern regarding the problems of nonbio- | provide additional revenue. was expected to take 6 months to com- 

degradable landfill waste accumulation FMC Wyoming Corp. resumed its | plete. The project was slated to come 

have prompted more glass recycling. | longwall mining operation at its Green | on-stream in 1991, pending the out- 

Various plastics do not degrade easily, | River, WY, trona mine after being idle | come of the study.* 

and few are easily recyclable. Glass has | for several years. It reportedly was the NaTec Ltd., a partnership among 

the advantage in terms of recyclability. | only noncoal longwall activity in the | CRS Sirrine, Industrial Resources Inc., 

Unfortunately, more recycling will re- | United States.! The new longwall shear- | and Church & Dwight Co., successfully 

quire less soda ash used in new batch | ing unit, which was built in the Federal | completed a full-scale demonstration 

mixtures. Republic of Germany, incorporated | of its dry nahcolite (natural sodium 

Other important issues confronting | changes obtained from FMC’s previous | bicarbonate) injection technology for 

the growth of U.S. soda ash are the | experiences with longwall technology. | reducing SO, and NO, emissions from 

political events in China and Eastern | The new unit has greater horsepower to | coal-fired power utilities. The test was 

Europe, both regions which have tremen- | cut the tough trona ore, thereby increas- | conducted at a 575-megawatt facility in 

dous potential for increased soda ash | ing mine output and feed to the refinery. | Texas.” NaTec also was chosen to pro- 

consumption. The export opportunities | The company anticipates the longwall’s | vide equipment, technical service, and 

are favorable, pending a peaceful reso- | high extraction rate will offset produc- solution-mined sodium bicarbonate to 

lution to the political and economic | tion losses from its suspension of soda | Western Slope Refining Co. at its 

problems. ash solution mining operations. Some | Fruita, CO, power facility.° 

solution mining will occur, but only to 

Ss feed sodium carbonate solutions to the | — 

PRODUCTION new sodium cyanide facility.” CONSUMPTION AND USES 
cE Tenneco Minerals Co. finished the | ————— .WZH__ 

first of two projects in March that 

Domestic production of natural soda | added 75,000 tons of incremental Based on reported industry sales, the 

ash from California and Wyoming | nameplate capacity, raising total capac- | manufacture of glass represented about 

reached a record 9.9 million tons; that | ity to 1.15 million tons. The second | 51% of domestic soda ash consump- 

quantity had been expected, based on | phase will add another 100,000 tons in | tion, with the container sector compris- 

production forecasts in the Bureau of 1990.° ing 30% of this end use; flat, 14%; 

Mines 1985 Mineral Facts and Problems. Cominco American Inc.’s subsid- | fiber, 4%; and specialty, 3%. The other 

About 105,000 tons of soda ash equiva- | iary, Lake Minerals Corp., and Vulcan | end uses include chemicals (primarily 

lent from soda liquors and mine waters | Materials Co. conducted a feasibility sodium bicarbonate, sodium  chro- 

were included in the total and used pri- | study to construct and operate a | mates, sodium phosphates, and sodium 

marily for neutralizing powerplant proc- | 500,000-ton-per-year soda ash facility | silicates), 22%; soap and detergents, 

ess water. The liquors represent a grow- | at Owens Lake, CA. The engineering, | 12%; distributors, 6%; fluegas de- 

ing market for soda ash producers and | environmental, and marketing study | sulfurization and miscellaneous, 3% 

FIGURE 1 

U.S. PRODUCTION OF SODA ASH—NATURAL VERSUS SYNTHETIC 
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TABLE 2 have storage facilities to accommodate 
U.S. PRODUCERS OF SODA ASH IN 1989 large quantities of soda ash and must 

rely on suppliers to provide the material 
| ON A timely basis. 

Plant nameplate 

Company (thousan d Plant location Source of sodium 

short tons) PRICES 

FMC Wyoming Corp 2,850 Green River. WY — Underground trona,. | 7 OOO eee 

General Chemical (Soda Ash) 

Partners ! 2,200 do. Do. An announcement was made on 

Kerr-McGee Chemical April 15 by General Chemical Corp., 
Corp.—Argus plant 1,300 Trona, CA Dry lake brine. and later by Tenneco Minerals Co., to 

Rhone-Poulenc of Wyoming? 1,960 Green River, WY Underground trona. | raise the list price of soda ash by $12 

Tenneco Minerals Co. 1,150 do. Do. per ton, the offlist price by $15 per ton, 

T.g. Soda Ash Inc.? 1,100 Granger, WY Do. and bagged price by $17 per ton. How- 
Total itsti‘itsSOSOCSt~S*S*«d, 50 | ever, the increases were not unani- 

TA joint venture between General Chemical Corp, and Australian Consolidated Industries Intemational, which owns 49% of the soda | ™MOUSly Supported by all the producers 
ash operation. and the effort to raise the list price was 
"Joint venture between Rhone-Poulenc Basic Chemicals ©o., formerly Stauffer Chemical Co., and Union Pacific Resources Co. abandoned by June. The strong domes- 

Owned by Texasgulf Inc. of Societe Nationale Elf Aquitaine. Acquired permits to operate at 1.3 million tons of capacity. . . . 

NOTE: Nameplate capacities may differ from total shown in table 9 for rated capacity. tic demand caused by the substitution 

of high-priced caustic soda for the less- 
expensive soda ash during the first half 

each; pulp and paper, 2%; and water | component of sodium tripolyphos- | of 1989, and the rise in export sales 
treatment, 1%. phate (STPP), another major builder | caused soda ash supplies to become | | 

Domestic demand for soda ash re- | in detergent formulations. Because | very tight. In anticipation of possible 
mained strong during the first half of | phosphatic detergents contribute to the | supply shortages, several high-volume 
1989, following the trend that started in | environmental problems of eutrophica- | soda ash contracts were renegotiated 
late 1988. The rise in demand was | tion, many regions of the nation have | for higher prices than in the previous | 
primarily caused by the substitution of | adopted phosphate limitations or bans. | year. The result was that the annual 

. high-priced caustic soda for less expen- | About 33% of the U.S. population | soda ash value increased to $77.07 per 
sive soda ash by chemical consumers in | resides in the areas that have adopted | ton, for bulk, dense natural soda ash, 

_ | the pulp and paper, chemical, and alu- | restrictions. In response to the environ- | f.o.b. Green River, WY, and Searles 
mina industries. The crossover reduced | mental issue, detergent manufacturers | Valley, CA. 
soda ash availability, which increased | began reformulating their detergents by 

the market price of soda ash by about | switching from STPP to tetrasodium py- | ____————sssssssssssesesssssssS—(—eSS 
$10 per ton over the previous year. | rophosphate, which has the same build- | FOREIGN TRADE 
Although many consumers came back | ing power as STPP but requires less to be | ——___ 
to caustic soda by yearend, soda ash for | used, thereby reducing the amount of 

pulp and paper manufacture continued | phosphate released into the environment. U.S. soda ash exports have increased 
to show increased sales due to the | These reformulations also require more | each year since 1976, growing more 
environmental concerns raised by the | soda ash as a direct addition. From 1988 | than 325% between 1976 and 1989, | 
studies that found minute quantities of | to 1989, soda ash sales to the soap and | when exports reached a record high of 
dioxins and furans in various bleached- | detergent industry rose approximately | 2.9 million tons, or about 29% of 
paper products that used chlorine- | 9% because of these changes. This was | production. Exports to 46 countries, 
based bleaches. encouraging because liquid detergents, | on a regional basis, were: Asia, 51%; 

Although the quantity of glass con- | which do not contain any soda ash, | South America, 20%; North America, 
tainers manufactured increased in 1989, | commanded 40% of the household laun- | 15%; Africa, 7%; Oceania, 3%; Eu- 
less soda ash was used because of the | dry detergent market. Liquid detergents | rope, 2%; and the Caribbean and Cen- 
increased use of cullet. Sales to the flat- | were only 15% in 1978. tral America, 1% each. Exports to the 

‘glass sector rose, mainly due to use in Middle East were negligible. 
industrial building construction, which . Section 1205 of the Omnibus Trade 
consumes about 57% of all flat glass | STOCKS and Competitiveness Act of 1988 re- 
made. Automotive glass represented | -—--———----——————————— || quired the United States to adopt an 
25%, and the remainder went to spe- international nomenclature and metric 
clalty flat-glass products. Yearend stocks of dense soda ash in | units for reporting trade information. 

The third largest use of soda ash | plant silos, warehouses, terminals, and | On January 1, 1990, the Harmonized 
directly is as a builder to emulsify oil | on teamtracks amounted to 243,131 | Commodity Description and Coding 
stains, reduce the redeposition of dirt | tons. Producers indicate that a poten- | System (HS) replaced the Tariff Sched- 
during washing and rinsing, provide | tial supply problem could exist when | ule of the United States, Annotated, 
alkalinity for cleaning, and soften laun- | inventories fall below 200,000 tons. | for import data and Schedule B for 
dry water. In addition, soda ash is a | Most consumers of soda ash do not | exports. The new code numbers for 
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| TABLE 3 

SODA ASH SUPPLY-DEMAND RELATIONSHIPS' 

(Thousand short tons) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION 

United States 8,275 8,281 7,819 8,467 8,511 8,511 8,438 8,891 9,632 9,915 

Rest of world 22,972 22,599 21,731 22,278 += 23,714 23,600 = 23,929 24,441 24,602 24,995 | 
Total 31,247 30,880 29,550 30,745 32,225 ~=—«32,111 «32,367 ~—=—«33,332 34,234 34,910 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

U.S. production capacity 9,620 10,360 11,160 11,160 11,160 11,160 10,560 10,485 10,485 10,560 

Wyoming trona ore production 12,906 12,457 10,831 11,510 11,704 11,823 13,237 13,869 15,116 16,286 

Domestic sources 8,275 8,281 7,819 8,467 8,511 8,511 8,438 8,891 9,632 9,915 

Imports 18 12 18 20 17 56 106 150 133 142 

Industry stocks, Jan.1 68 133 __ 263 __324 __307 __ 322 __ 392 __294 __259 __ 288 

Total U.S. supply 8,361 8,426 8,100 8811 8835 8889 8,936 9,335 10,024 — 10,345 
Distribution of U.S. supply: 

Industry stocks, Dec. 317 133 263 324 307 322 392 294 259 288 243 

Exports 1,094 1,051 1,109 1,636 1,648 1,747 2,049 2,224 2,467 2,919 

Industrial demand? 7,134 7,112 6,667 6,868 6,865 6,750 6,593 6,852 7,269 7,183 

U.S. DEMAND PATTERN* 

Glass 3,851 3,700 3,500 3,450 3,400 3,400 3,475 3,685 3,737 3,631 

Container | 2,773 2,627 2,500 2,400 2,300 2,200 2,150 2,322 2,346 2,162 

Flat | : 616 555 500 575 600 700 750 905 939 1,000 

Fiber 193 260 220 230 250 275 300 275 272 265 

Other 269 258 280 245 250 225 275 183 180 204 

Chemicals 1,426 1,420 1,300 1,400 1,550 1,500 1,300 1,364 1,593 1,557 

Soaps and detergents 499 500 500 620 600 600 650 754 791 860 

Pulp and paper 250 210 275 200 250 350 200 69 122 126 

Water treatment 250 250 230 230 300 300 250 79 121 102 

Flue gas desulfurization . NA NA NA NA 300 175 200 202 220 230 

Distributors NA NA NA NA NA NA NA 385 412 419 

Other® 856 1,032 862 968 464 425 715, 186 163206 
Total U.S. consumption “7,132 ~=«7,112s«w667—si«éiB8GBSCt«iC «RA SsC« S670 «67247159 7,131 

Undistributed © 2 — — — 1 — -197 128 — 109 __ 82 

Total U.S. primary demand 7,134 «©-«7,112—S«—«w667s«é«8HBCtit«i SBS «75065936852 7,269 7,183 
| VALUES’ 

Average annual value—natural soda | 

ash (Dollars per ton, f.o.b.) 89.85 91.19 88.35 76.95 67.00 67.82 65.29 66.78 66.96 77.07 

*Estimated. NA Not available; included in “Other.” 

' Natural and synthetic except where noted. 

2 Natural soda ash only in 1980 and 1987-89; natural and synthetic from yearend 1981-1986. 

3 Also known as apparent consumption (production + imports — exports + / — stock changes) and is equal to Total U.S. primary demand. 

4 Estimated consumption for 1980-1986 was based on industry sources; reported consumption 1987 and thereafter were from quantitative and qualitative quarterly surveys of producers’ sales. Other end use 

categories were incorporated in the survey. 

5 Includes soda ash used in petroleum and metal refining, leather tanning, enamels, etc. 

© Represents the amount of discrepancy between “Total U.S. consumption” (obtained from estimated and reported consumption surveys) and “Total U.S. primary demand,” which is the calculated quantity 

of soda ash available for consumption. The discrepancy is because of the fluctuating balance of inventory in transit from plants to domestic or export destinations. 

7 Values are the combined total revenue of California and Wyoming natural soda ash sold at list-prices, spot-prices, discount, long-term contracts, and for export, divided by the quantity of soda ash sold, 

bulk, f.o.b. plant. The value may or may not be synonymous with the posted list prices of the commodity. 

Source: Bureau of Mines. 
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TABLE 4 trade barriers began with the an- 
SODA ASH YEAREND PRICES nouncement that Taiwan was reducing 

| | | the import tariff from 12.5% to 10%, 
ss s< Oe | which equals a $5.90 per short ton 

1988 1989 . . 
<< <————<—<<—<——<—<—<—<————————————————- | Savings for Taiwanese consumers. Re- 

Sodium carbonate (soda ash); ducing the tariff could result in greater 
__Dense, 58%, Na,O 100-Ibe overseas trade as well as better trading 

Paper bags, carlot, works, f.o.b. per ton $141.00 $146.00 relationships.® 
Bulk, carlot, same basis tons do. 93.00 93.00 

Light 58%, 100-Ib: 

Paper bags, carlot, same basis do. 150.00 150.00 WORLD REVIEW 
Bulk, carlot, same basis tons do. 123.00 123.00 | -——--- 

Sources: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V.235, No.1, Dec. 30, 1988, p. 33; and v. In dus t S t 237, No. 1, Jan. 1, 1990, p. 39. ry Structure 

The developed nations are generally 
the largest consumers of soda ash. Al- 

soda ash are listed in the appropriate | tion in the EC soda ash market by | though the production and consump- 
trade tables in this report. blocking U.S. imports in the early | tion quantities vary among the coun- | - 

Officials of the antidumping direc- | 1980’s, when antidumping duties were tries, the end-use patterns are basically 
torate of the European Community | levied. The current duty is 67.5 Euro- | the same (e.g. glass, chemicals, and 
Commission (ECC) made a surprise | pean Currency Units (ECUs), about | detergents are the major sectors). Al- 
visit to the corporate offices and plants | $67.13 per short ton. ECC investigators | though the United States is the largest 
of six West European synthetic soda | also investigated U.S. producers at | soda ash-producing country in the 
ash producers to obtain information | yearend and indicated that a decision world, foreign ownership in the US. 
about alleged anticompetitive practices | would be forthcoming in early 1990. | soda ash industry is presently 30% of 
in the European Community (EC) | European soda ash consumers would nameplate capacity. 
market.’ The companies were Solvay et | prefer to have an alternate source of Eleven countries have the capability 
Cie. of Belgium, Akzo N.V. of the | soda ash, namely the United States. | to produce more than 1 million tons 
Netherlands, Imperial Chemical Indus- | With two Wyoming soda ash plants annually. The major ones include, in 
tries PLC of England, Rhéne-Poulenc | co-owned by French companies, the descending order, the United States, the 
S.A. of France, and Chemische Fabrik | U.S. soda ash industry is hopeful that U.S.S.R., China, the Federal Republic 
Kalk and Matthes and Weber G.m.b.H. | the investigation will result in reduced | of Germany, France, Bulgaria, and In- 
of the Federal Republic of Germany. | or eliminated duties, which would in- | dia. Most of these countries have large 
The combined output of these produc- | crease U.S. export sales to Europe. populations, which require consumer 
ers represented about 20% of world products made with soda ash. The de- 
soda ash production. The Commission TABLE 6 veloping nations tend to have greater 
had reason to believe that all six pro- soda ash demand and higher rates of 
ducers conspired to prevent competi- U.S. EXPORTS OF SODA ASH growth. 

(Thousand short tons and thousand dollars) . 
Capacity 

FF ST World soda ash production capacity 
TABLE 5 Year Disodium carbonate ___ is about 38.3 million tons, divided 

U.S. IMPORTS FOR Quantity Value* among 35 countries. Approximately 
CONSUMPTION OF SODA ASH_ | 1985) 747,173,937 | 790% Of world capacity is synthetic soda 

1986 ° 2,049 241,238 | ash, 28% natural. The United States 
— Ppjsodjum carbonareh 19873 2,224 253,200 | represents 27% of world capacity, and isodium carbonate TO . —————————— | 1988 2,467 286,945 | 94% of the total natural capacity. 

Year Cohort. (thousand 1989 2,919 365,469 The largest soda ash company in the 
tons) dollars) ‘Beginning in 1989, export data were reclassified under the woe exces Sate owned facilities, 19853 sti(“‘«‘«~SwS*SOD—Ss—“‘ié‘*«é COSC” Harmonized Commodity Description and Coding System (HS is So vay et Cie. of Be gium. It operates 

19867 ~~«2105,965.~~~—~«WNS.023 | Bo 470RHO0 ee Nee classified under Schedule | nine plants in seven countries and has a 
19877 ~«4150,108~=~*S*S*S*S*S*S«~*S Free alongside ship (f.a.s.) value at U.S. ports. | - combined annual capacity of more than 
1988? ~~~*1322:048 SCS S99 pe by the Bureau of Mines to account for discrepancies in 4 million tons. FMC Wyoming Corp. of 

1989. 441,967 a7 306 Source: Bureau of the Census, as adjusted by the Bureau of the United S tates is the second largest Togimne 1669, oon den wan unas Mines. with 2.85 million tons of capacity. 
nized Commodity Description and Coding System (HS Code No _ The data in table 9 are rated capacities 
2836200000). Prior years were classified under the Tariff Schedule of For the previous several years, inter- | for mines and refineries as of December 
the ose aay Annotated, TSUSA Ne. 208400 (calcined) and | national tariffs on imports of soda ash | 31, 1989. Rated capacity is defined as the 
2Customs, Insurance, and freight (ci) value at US. ports. from the United States have blocked | maximum quantity of product that can 
* Also contains hydrated sodium carbonate, and sesquicarbonate. | U.S. efforts to increase export sales. In | be produced in a period of time on a 
Source: Bureau of the Census. 1989, however, an easement of these | normally sustainable long-term operat- 

SODA ASH MINERALS YEARBOOK—1989 955



a 

TABLE 7 

REGIONAL DISTRIBUTION OF U.S. SODA ASH EXPORTS, BY CUSTOMS DISTRICTS IN 1989 

(Short tons) 

Ne 

Customs districts ao xen ou Caribbean Europe wee’ Africa Asia Oceania Total veer 

Atlantic: 

Baltimore, MD — — 110 — 29 — — — — 139 — 

Charleston, SC — 74 — — 3 — — — — 77 — 

Miami, FL . — — 2 206 — _— _ — — 208 — 

New York, NY 36 — 18 — 21 22 — 119 — 216 — 

Philadelphia, PA — — 469 — — — — — — 469 — 

Savannah, GA — — — 65 — — — — — 65 — 

Gulf: 

Galveston, TX — — 2 40 — — 14 28 — 84 — 

New Orleans, LA — 10 226 20 — — 18 — — 274 — 

Port Arthur, TX — 7,799 357,205 19,029 — — 85,281 — — 469,314 16 

Pacific: 

Anchorage, AK 7,811 — — — — — — — — 7,811 — 

Los Angeles, CA — 8,925 123,022 — 17,032 — 27,558 456,188 — 632,725 22 

San Diego, CA 6,032 — — — — — — — — 6,032 — 

San Francisco, CA — — — — — — — 47 — 47 —_— 

Seattle, WA 8,968 — — — — — — AW — 9,085 — 

Portland, OR — — 96,717 46,217 93,240 1,045,926 98,762 1,380,862 47 

North Central: | | 

Detroit, MI 190,490 _ — — — — — — — 190,490 7 

Duluth, MN 17 — — — — — — — — 17 —_ 

Great Falls, MT 60,968 — — — — — — — — 60,968 2 

Pembina, ND 9,802 — — — — — — — — 9,802 — 

Northeast: 

Buffalo, NY 410 — — — 5 — — — — 415 — 

Ogdensburg, NY 22 — — — — — — — — 22 — 

St. Albans, VT 80 — — — — — —_— — — 80 — 

Southwest: 

Laredo, TX 150,106 — — — — — — — — 150,106 5 

Nogales, AZ 94 — — — — — — — — 94 

Total 434,836 16,808 577,771 19,360 63,307 22 206,111 1,502,425 98,762 2,919,402 100 | 

Percent of total 15 1 20 1 2 — 7 51 3 100 

Source: Bureau of the Census. 

ing rate, based on the physical equipment | bonate-bearing brines. Natural and syn- | were close and probably more indica- 

of the plant, and given acceptable rou- | thetic soda ash refining capacities are tive of what each plant can effectively 

tine operating procedures involving la- | based on 360 working days per year with | sustain on a monthly basis, given favor- 

bor, energy, materials, and maintenance. | scheduled short-term maintenance peri- | able market conditions. The calculated 

Capacity includes both operating plants | ods once or twice per year, depending on | averages were ageregated and annual- 

and plants temporarily closed that, in the | the physical characteristics of the plant. | ized. Individual rated capacities may or 

judgment of the author, can be brought The U.S. soda ash industry rated | may not be synonymous with plant 

into production within a short period of | capacity was derived by averaging each nameplate capacities. 

time with minimum capital expenditure. | producer’s third and fourth highest 

Natural soda ash mine capacity as- | months of output during the past year. | Australia 

sumes two daily mine shifts and one | These months were used because the ICI Australia Operations Pty. Ltd. 

daily maintenance shift per 5-day work | first and second highest months were | sold its Osborne synthetic soda ash 

week. Considerations were made for op- | not realistic for sustained production | plant, salt fields, quarry, a bulk termi- 

erations that mine underground trona, | rates. The range between each produc- | nal, and bagging facilities to Penrice 

surface sodium salts, and sodium car- | er’s third and fourth highest months | Pty. for $35 million.” 
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TABLE 8 Botswana 

SODA ASH: WORLD PRODUCTION, BY COUNTRY! In June, financing of the Sua Pan | soda ash project was finalized in an 
(Short tons) agreement among Soda Ash Botswana 

Ltd., three South African sharehold- 
Country 1985 1986 1987 1988? 1989°¢ ers, and a consortium of South African 

Albania‘ 34,200 35,300 34,000 33,100 33,100 | banks. The agreement includes com- 
Australia® 330,000 330,000 330,000 330,000 330,000 | mercial loans at the 17.5% South Afri- 
Austria® tS 165,000 165,000 165,000 160,000 165,000 | Can prime rate and lower interest rate 
Belgium 492,164 530,934 493,804 417,731 420,000 | €Xport credits. The principal engineer- 
Brazil 197,000 222,000 187,000 203,300 220,000 | 128 an acrons have ven ers 
Bulgaria 1,142,695 1,162,070 1,179,679 1,210,000 ~—-1,210,000 | COMPlHon scheduled for mid-1991. 
Canada ‘* 385,000 385,000 360,000 360,000 360,000 Mexico 
China‘ 2,220,000 2,310,000 2,610,000 2,855,000 73,285,000 Vitro S.A. of Monterrey, the largest 
Colombia 124,791 124,473 128,820 125,759 128,000 glass and raw material for glass manu- 
Czechoslovakia 123,459 124,561 ©121,000 ©121,000 121,000 facturing company in Mexico, acquired 
Denmark? 126 129 ©130 — &130 130 | for $265 million Anchor Glass Con- 
Egypt 54,132 © 55,000 —€55,000 - 52,592 52,000 | tainer Corp. and Latchford Glass Co. 
France® 1,500,000 1,375,000 1,400,000 1,400,000 1,430,000 | in the United States.'! The buyout in- 
German Democratic _ : volved more than 20 glass container 

Republic 974,442 975,544 984,000 1,008,000 992,000 | plants. The acquisition made Vitro the 
Germany, Federal | largest glass container manufacturer in 
Republic of 1,556,462 1,589,531 1,596,000 1,548,000 1,655,000 | the United States and probably the 

Greece - 1,100 1,100 1,100 1,100 1,100 | largest single consumer of soda ash in 
India 896,839 962,978 1,068,800 © 1,058,000 1,100,000 | North America. of 
Italy° 680,000 650,000 675,000 675,000 680,000 | 
Japan 1,165,254 1,125,292 1,210,849 1,193,935 1,235,000, | 7-H ++ 
Kenya* 251,062 261,964 252,043 242,500 260,000 OUTLOOK : 
Korea, Republic of 276,559 291,245, 318,016 © 309,000 309,000 
Mexico* * 3 504,205 500,000 475,000 475,000 475,000 Although world demand for soda 
Netherlands‘ 420,000 420,000 420,000 420,000 430,000 ash has grown about 2.4% per year 
Pakistan 130,169 144,286 147,051 147,826 143,000 | since the early 1970’s, the environmen- 
Poland 1,035,069 1,061,252 1,025,000 1,003,200 1,003,000 | tal, energy, and economic issues of the 
Portugal® 165,000 170,000 175,000 * 170,000 165,000 | 1980’s_ reduced the _ international 
Romania‘ 3921,531 940,000 950,000 950,000 880,000 | growth rate of soda ash to slightly more 
Spain® 610,000 580,000 610,000 620,000 620,000 | than 1% per annum. Developed na- Switzerland® 50,000 48,000 25,000 _ __ | tions, where soda ash consumption is 

Taiwan 123,479 147,002 140,359 139,804 138,000 | Mature and growth rates are propor- Teer ‘am esa00 sino aso as | tonal fo population changes, are mor US.S.R.* 5,418,956 5,546,824 5,566,000 5,618,000 5,400,000 ity, energy efficiency, recycling, and 
United Kingdom‘ 1,100,000 1,100,000 1,100,000 1,100,000 1,100,000 | .Gnsumer preferences, all of which 
United States’ 8,511,055 8,438,192 8,890,746 9,632,031  °9,914,966 | have an adverse affect on soda ash 
Yugoslavia 220,053 229,245 222,158 235,774 230,000 usage. These issues will be of greater 
Total 32,110,802 *32,366,922 33,331,555 34,233,782 34,910,296 | importance in the 1990’s. Lesser devel- 

EE ert i H.Spthaie wna sere eae oped countries still have a greater de- 2 Production for sale only; excludes output consumed by producers. Snore sees mand for soda ash, but often have less 3 Reported figure. hard currency to purchase all their 

Sate satura d synthetic. In 1988 and 1989, Mexico all i i f natural requirements. 
anes es natural and synthetic. In an » Mexico allegedly produced an estimated 180,000 metric tons per year of natural soda The US. annual growth rate for do- 

® Excludes potash for 1985-87. mestic consumption since the 1973 en- 
TIncludes natural and synthetic for 1985-86, natural only thereafter. ergy Crisis, which changed the operat- 

ing factors between competing natural 
and synthetic soda ash industries, to 
the present has been less than 1%. The 
forecast of 1.2% made in the 1985 
Mineral Facts and Problems did not 

| fully anticipate the inroads made by 

plastic bottles, cullet, and liquid deter- 
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| TABLE 9 gents. Although U.S. production was 

WORLD SODA ASH ANNUAL PRODUCTION CAPACITY,! DEC. 31, 1989 | ‘lose to what was forecast by 1990, the 
export market grew greater than antic- 

(Thousand short tons) ipated, mainly through the efforts of 
the industry’s export association. 

Natural Synthetic Total | 

North America: 200 | Exports 

Canada _ 495 495 The outlook for soda ash is excellent. 

"Mexico +=»~~=—st—<Csti‘“SSOSO”~”O””CS 300 240 549 | Export opportunities are favorable, 

‘United States t(<—s=Ssti‘is~Ss~s~s~S 10,200 _ 10,200 particularly to new regions such as the 

——Toal St 70.500 - 455 11.235 Middle East and Western and Eastern | 

oO ——— ——: == | Europe. If the ruling in the EC anti- 
South America: 

. . . gs . 

a dumping investigation is favorable to 

Brazil — 220 220 | the United States, additional U.S. soda 

| Colombia _ = ___ 120 __ 120 | ash may be exported to Western Europe 

— Toth — 340 340 | in the near future. The changes in the 

Europe, Western: political situation in the U.S.S.R. and 

Austria | — 195 195 | the East European countries may also 

Belgium — 440 | 440 | lead to more U.S. exports to meet the 

France _ 1,650 1,650 | growing demand for consumer prod- 

~ Germany, Federal Republic of _ 1,800 | 1,800 | ucts in those areas. The limiting factor, 

“tay | _ 775 775 | however, may be the lack of available 

“Netherlands SOOtC~=<‘is=CSststSstS~S _ 420 4y9 | hard currency and the internal manu- 

TT facturing capabilities of the industries 
Portugal — 140 140 

Yt that use soda ash. . 

Spam — 75 M5 The environmental problems in East- 

_ Turkey — 365 365 | ern Europe are critical. Inefficient and 

_ United Kingdom — 1,100 1,100 | polluting synthetic soda ash plants may 

Total — 7,660 7,660 | be targeted for shutdown in order to 

Europe, Eastern: — oO ~ | resolve some of the pollution problems. 

Albania® — 30 30 | These problems are similar to those 

Bulgaria _ 1,900 1,900 | that adversely affected several U.S. syn- 

Czechoslovakia (ti(‘aé~S _ 150 150 thetic facilities in the late 1970’s and 

German Democratic Republic — 990 990 finally led to their closures. Any 

“Poland _ 1,100 1,100 changes in East Europe’s soda ash pro- 

a _ 100 1.100 duction capacity could signal opportu- 

| Ussro 30 25 995 5.995 nities for the U.S. soda ash industry. 

ee | , , The future of U.S. exports to China 

_ Yugoslavia _ ___ 290 __290 | is uncertain. China has been debottle- 

— Tot 30 11,455 11,485 | necking several synthetic soda ash 

Africa: | plants and constructing new ones but 

Chad NA — NA | production cannot keep pace with de- 

Egypt — 45 45 | mand. China was forced to reduce its 

Kenya 330 _ 339 | soda ash consumption by limiting im- 

Sudan Stst—<‘i‘i‘S; O~O~CS NA _ na | ports because of economic problems. 

Total ti(‘i‘S™S™SOSSSSCS 339 45 — 375 Although Bulgaria had supplied some 

Asias =— —> == | of China’s requirements, future ship- 

——__—— ments could be curtailed in order to 
China 11 3,289 3,300 Ly 

oOo satisfy the East European countries 

India 1,135 1,135 | needs, thereby reducing Bulgaria’s level 

jira _ 66 66 | of exports. This could allow the United 

Sapam — 1,565 1,565 | States the opportunity to continue to 

Korea, North — 110 110 | export to China, pending the availabil- 

Korea, Republic of — 350 350 | ity of U.S. product. Despite these ob- 

Pakistan — 160 160 | stacles, total U.S. exports could grow 

Taiwan : _— 150 1590 | by several hundreds of thousands of 

Total | 11 6,825 6,836 | tons in the next several years. 

See footnotes at end of table. 
Glass 

Although glass is the largest end use 

of soda ash, domestic consumption in 
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On 

TABLE 9-Continued a Pulp and Paper 

WORLD SODA ASH ANNUAL PRODUCTION CAPACITY,! DEC. 31, 1989 | _ The U.S. pulp industry is growing at 
| | about 2:75% per year. Amid this pros- 

, (Thousand short tons) perous outlook, changes are taking 
place to alter the pulp and paper- 

Natural Synthetic Total | making processes. Pulp mills are striv- 

Oceania: | ing to address the environmental issues 
Australia _ 385 385 | regarding dioxins and furans, improve 

- Total tt—~™S 385. ~ 35 | productivity, reduce costs, and improve 
 Worldtotal 0,871 37,445 38,316 | Paper quality. One solution is alkaline 

©Esimated. NA Notawillable hough poduttionkknowntwocuk paper-sizing, which produces alkaline- 
stim . val ec, ugh production is Known to Occur. . 

1 From natural sources of trona and sodium carbonate-bearing brines and from the manufacture by the Solvay, ammonium chloride, and based paper r ather than acid-based. 

saustic carbonation processes. . The conversion is not being imple- 
ncludes s obtaine yproduct of aluminum processing from nepheline-bearing ore at at least four locations. mente d as fa st as th ee nvi ronment al 

issue is mounting. Other alternatives 
include substituting certain pulping 

the glass container sector is declining | changing. Two facilities closed in 1989 | chemicals. | 
because of the increasing use of cullet; | and Vitro S.A. of Mexico bought An- Dioxins, created from chlorine mol- 
the national interest in recycling; and | chor Glass Container Corp. and Latch- | ecules introduced in the paper bleach- 
the continuing competition with poly- | ford Glass Co. There reportedly are | ing process, have been detected in 
ethylene terephthalate (PET) plastic | plans to close more plants, thereby | bleached paper products as reported in 
containers. reducing domestic capacity and im- | a study of the 104 kraft-pulp mills in 

The glass container shipments were | proving industry operating rates. As | the United States. To avert the public’s 
higher in 1989 than in previous years, | plants operated at higher rates, produc- | reaction to the issue, the industry be- 
mainly because ethylene feedstock short- | tion costs decreased. Soda ash sales for | gan investigating substituting chlorine- 
ages for plastic resin caused prices of | glass containers should remain at the | based chemicals for nonchlorine pulp- 
plastics to increase, thereby increasing | same levels despite the closures. | ing and bleaching agents, such as 
glass usage. This situation is temporary. Soda ash for flat glass and fiber glass | oxygen and hydrogen peroxide. About 
However, the public’s perception that | is expected to decline in the automotive | 1.8 million tons of chlorine are used in 
glass is completely recyclable compared | industries. Consumption will probably | pulp bleaching annually. Industry 
with plastics will raise the quantity of | be the same in the building construc- | sources estimate a 25% to 30% reduc- | 
cullet now being consumed. This trend | tion sector. Strong demand is not antic- | tion in chlorine consumption by 1995. 
will probably be short-lived as plastic | ipated until the mid-1990’s. If this forecast is accurate, coproduct 
manufacturers develop biodegradable caustic soda, which is used to delignify 
materials, such as polyhydroxybutyrate- | Soap and Detergents wood pulp, could be in short supply. 
hydroxyvalerate (PHBV), which com- The world consumes about 10 mil- | This situation could result in additional 
pletely decompose into inert com- | lion tons of laundry detergents annu- | quantities of soda ash being used instead 

| pounds. Aside from the problems with | ally, which are composed of many ac- | of caustic soda, although it would take 
plastics’ recyclability, the public also is | tive and inert chemical ingredients. | 1.3 tons of soda ash to have the same 
concerned about the dioxin emissions | Household liquid detergents and phos- | chemical effect of 1.0 ton of caustic 
from incineration of polyvinyl chloride | phate-free detergents are considered en- | soda. FMC Wyoming Corp. and Ten- 
(PVC) bottles. | | vironmentally safe products. More soda | neco Minerals Co. have announced plans 

Municipal landfills are a growing | ash has been added as a phosphate- | to produce caustic soda from their Green 
national problem. Glass reportedly ac- | replacement builder in various detergent | River, WY, soda ash operations. Al- 
counts for 8.4% of disposable house- | formulations in order to meet regional | though the majority of the output is for 
hold waste. The U.S. Environmental | phosphate discharge requirements. captive needs, the opportunity will dem- 
Protection Agency has a goal of reduc- The environmental movement in Eu- | onstrate the economic feasibility of pro- 
ing the nation’s waste by 25% by 1992. | rope has also prompted foreign deter- | ducing caustic soda from nonsalt feed- 
It is probable that new taxes will be | gent manufacturers to consider chang- | stocks. Soda ash consumption in the 
placed on items manufactured at the | ing formulations to reduce phosphate | pulp and paper sector could increase 
source of production to encourage | content. In the Federal Republic of | during the next few years depending on 
greater use of recycled products. Re- | Germany, consumption of phosphates | the strength of chlorine demand; how- 
bates would be given for every ton of | in detergents dropped from 276,000 | ever, assertive strategic planning by one 
recycled material utilized. It is also | tons in 1975 to 80,000 tons in 1987. or more chlorine-caustic soda producers 
likely that domestic glass container Consumer preferences may ultimately | to produce their own caustic soda from 
manufacturers will strive to add more | decide the preferred detergent and for- | trona could alter this outlook. 

cullet in new batch mixtures, which will | mat (i.e. liquid versus powdered, unit | . 
reduce the amount of soda ash con- | dose packets versus bulk). Depending on | Flue Gas Desulfurization 
sumption, in order to use most of the | the choice, the growth of future soda ash With changes to the Clean Air Act, the 
collected glass. sales is uncertain, despite the current | nation’s powerplants will be required to 

The glass container industry is | level of sales. reduce emissions of sulfur and nitrogen 
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compounds produced from burning fos- | the edges of alkaline lakes in Lower | that were in operation by 1939 in the 
sil fuels. Although most high-sulfur coal | Egypt. It was used around 3500 B.C. to | United States and, ironically, the last 
is used in eastern powerplants where | make ornamental glassware, as evi- | one to close. The Solvay process gained 
inexpensive calcium-based compounds | denced by many of the early Egyptian | in popularity over the years andisnow | 
are located, sodium-based sulfur dioxide | glass artifacts. The Egyptians also mixed | the basic method used throughout the 
removal agents, such as trona and nah- | lime and soda ash to make caustic soda. | world for making synthetic soda ash. 

| colite, have opportunities for commercial | The caustic soda was combined with The site of the first commercial pro- 
development in the West. silicate minerals obtained from the Sinai | duction of natural soda ash in the United 

In 1989, nearly 0.5 million tons of | desert. This made a soluble silica that | States was from two deposits known as 
, soda ash was used for reducing harmful | was added to aluminum-rich Nile River | the Soda Lakes near the present town of 

stackgas emissions in the West and | silt, producing a silica-aluminate cement | Fallon, NV. Asa L. Kenyon acquired title 
Midwest. Transportation costs will re- | mortar with superior bonding properties. | to Little Soda Lake in 1855 and sold it to 
duce the competitiveness of sodium | Soda ash was also used in the mummifi- | Higgins and Duffy in 1868, when the 

| minerals in the East in the future; how- | cation process. Natural soda ash was | first 300 tons of natural soda ash was 
ever, the concern regarding water qual- | placed on the deceased to dry out the | produced. Production at adjacent Big 
ity and quantity will be major issues in | body, which was then wrapped in cloth | Soda Lake began in 1875 and reached its 
the Western United States in the 1990’s. | for 70 days. peak in 1887. The brines became diluted 
Several wet-scrubbing utility plants, In the Old Testament, soda ash was | when the lake levels rose in 1907 because 
which use tremendous amounts of wa- | referred to as neter; it has also been | regional dam construction affected the 
ter, are evaluating the economics of | known as natrium, kali, trona, and | local water table. 
replacing traditional wet-scrubbing sys- | natron. Until the 18th century, soda Searles Lake in California was origi- 
tems using lime with dry-injection tech- | ash was obtained mainly by burning | nally mined for borax as early as 1874. 
nologies using calcium- and sodium- | seaweeds and marine plants, leaching | Soda ash production began in 1926 by 
based agents. The addition of some | the soluble material from the ashes, | the West End Chemical Co. American 
sodium minerals removes additional | and evaporating the solutions to dry- | Potash Corp., formerly the American 
sulfur and a substantial amount of the | ness. About 13 tons of ash yielded 1 | Trona Corp., was the second company 
nitrogen materials. Eastern power- | ton of sodium carbonate and 30 | to produce soda ash in 1931. 
plants will probably use low-sulfur coal | pounds of iodine as a byproduct. The 
rather than use trona or nahcolite re- | final material was very impure but | Definitions, Grades, and 
sources found in the West. As Western | could be used in the manufacture of Specifications 
powerplants retrofit older facilities | glass and soap and detergents. Pliny, a The following terms are used in the 
with dry-injection scrubbing equip- | Roman historian, listed soda ash in the | soda ash industry: 
ment to conserve water, demand for | manufacture of glass, as a medicine for 
soda ash will increase. colic pains and skin eruptions, and for Ammonia-Soda Process.—Al\so known 

making bread, in the first century A.D. | as the Solvay process and lime-soda 
a In 1791, Nicolas Leblanc, a French | process. 
BACKGROUND chemist, developed a process for mak- 
SAAT _|_ nF SOda ash from “salt cake” (from salt Dense Soda Ash.—Has a bulk den- 

- and sulfuric acid), coal, and limestone. | sity of 60 to 66 pounds per cubic foot. 
Soda ash is the eleventh largest inor- | The French Revolution interfered with | It is produced by hydrating light soda 

ganic chemical in terms of production of | its development; his patent and factory | ash followed by dehydration through 
all inorganic and organic chemicals, ex- | were confiscated, and he received only | calcination to produce denser crystals. 
cluding petrochemical feedstocks. In | token compensation. Napoleon re- | In Eastern Europe, dense ash is made 
1989, soda ash represented about 2.4% | turned the factory to Leblanc who, | by compressing light ash between roll- 
of the total $32 billion nonfuel mineral | unable to raise enough capital to re- | ers to increase the density, followed by 
industry that was surveyed by the Bureau | open it, committed suicide in 1806. | screening. 
of Mines. The average U.S. citizen con- | More than 30 years passed before the 
sumes about 40,000 pounds of new min- | process first became successful in Liv- Light Soda Ash.—Has a bulk density 
erals in the form of consumer goods each | erpool, England. The process was not | of 32 to 39 pounds per cubic foot. It is 
year. Based on the 1989 U.S. population | used successfully in the United States | produced by calcining the sodium ses- 
of nearly 248 million, the 1989 per capita | except during a short period from July | quicarbonate precipitate recovered from 
consumption of soda ash was 58 pounds, | 1884 to January 1885 at Laramie, WY. | the carbonation towers or vacuum crys- 

compared with copper, 20 pounds; alu- Ernest and Alfred Solvay developed | tallizers. 
minum, 45 pounds; salt, 345 pounds; | an improved method for making soda 
cement, 742 pounds; and iron and steel, | ash from salt, coke, and limestone, Natural Soda Ash.—Soda ash pro- 
863 pounds. An infant born in 1988 | with ammonia as a catalyst in the early | duced from trona ore, sodium car- 
would require 4,344 pounds of soda ash | 1860’s. That process was first used in | bonate-bearing brines, or surface miner- 

in a lifetime, based on an average life | the United States in 1884 at Syracuse, | alization. 
expectancy of 74.9 years. NY, in a plant that continued to pro- 

Natural soda ash was probably first | duce soda ash until 1986. It was the Soda Ash.—Synonymous with sodi- 
obtained as evaporite incrustations along | first of about 17 synthetic Solvay plants | um carbonate. It is a general term that 
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FIGURE 2 

HISTORICAL CHRONOLOGY OF U.S. SODA ASH ACTIVITIES | 
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can apply to soda ash produced from | Society for Testing and Materials | Eleven of these exceed 6 feet in thick- 
natural sources or from various chem- | (ASTM) Designation D458-74 (Reap- | ness and cover an area of more than 
ical processes. proved 1979); and British Standard | 1,200 square miles. The trona beds 

(BS) 3674: 1963 “Specification for So- | were deposited about 50 million years 
Sodium Sesquicarbonate.—Can re- | dium Carbonate (Technical Grades).” | ago in the early to middle Eocene ep- 

fer to the name for the chemical com- | The British Standard specifies, among | och in an ancient freshwater lake, 
position of trona, or the chemical pro- | other requirements, not less than | named “Lake Gosiute” by Clarence 
cess that produces a _ light to | 57.25% Na,O and not more than | King in 1878. The sodium and carbon- 
intermediate grade of soda ash having | 0.005% Fe,O,; the ASTM, a minimum | ate constituents of trona owe their re- 
an average bulk density of 50 pounds | of 99.16% Na,CO 3. Both standards | spective origins to the leaching of the 
per cubic foot. specify methods of testing. extensive pyroxene-andesite volcanic 

ash layers and the seasonal influxes of 
Synthetic Soda Ash.—Term for soda | Industry Structure carbonate-rich sediments into the local 

ash produced from one of. several The U.S. soda ash industry is com- | depositional basin. In addition, subter- 
chemical processes, such as the Solvay | prised of six companies, five in Wyo- | ranean thermal springs contributed a 
process. ming and one in California. All pro- | significant quantity of dissolved alka- 

duce natural soda ash only either from | line carbonates as well as sodium, cal- 
Trona.—The principal ore from which | sodium carbonate-rich brines or from | cium, silica, and bicarbonate ions. 

soda ash is made. It is composed of | underground mining of trona ore. For- | Trona can precipitate only in the pres- 
| sodium carbonate, sodium bicarbonate, | eign investment in U.S. soda ash Oper- | ence of abundant carbon dioxide, 

and water. The monoclinic crystals are | ations has risen from 10% of capacity | which probably was supplied from the 
, prismatic to tabular with colors ranging | in 1981, when Société Nationale Elf atmosphere and/or the biogenic decay 

from translucent (spar variety) to shades | Aquitaine of France bought Texasgulf | of Eocene plant and aquatic remains. | 
of brown, which vary depending on the | Chemical Co., to 30% in 1989. Three | For 4 million years, Lake Gosiute went 
amounts of contained organic matter. | of the six U.S. companies have either | through many stages of filling and 
Trona has a specific gravity of 2.17 with | Australian or French partners. evaporation, thereby depositing over 42 
a hardness of 2.5 to 3, on the Mohs’ beds of trona on the lake bottom along 
scale. About 1.8 tons of trona are re- | Geology-Resources with repetitive beds of marlstone, lime- 
quired to produce 1 ton of soda ash. The definitions of resources, reserves, | stone, oil shale, and _ sandstone- 

The terms “soda ash” and “sodium | and reserve base are published in U.S. | mudstone. The decrease of the inflow 
carbonate” are used interchangeably. | Geological Survey Circular 831, “Prin- | to the lake was probably in response to 
The material manufactured from Wyo- | ciples of a Resource/Reserve Classifica- | climatic changes that resulted in the 
ming trona normally contains more | tion for Minerals.” Briefly, “resources” |. final evaporation of the waters. The 
than 99.8% sodium carbonate, and the | describe the quantity of ore present, re- | former Lake Gosiute is the present 
sodium chloride content ranges be- | gardless of grade or ease of extraction. | Green River Basin. 
tween 0.01% to 0.02%. The amount of | The “reserves” are the portion of the Assuming 1.8 tons of trona yields 
iron is less than 10 parts per million. | resource, which is economic to mine approximately 1 ton of soda ash, about 
Searles Lake brines are processed to | using the current technology and value | 52 billion tons of identified soda ash 
yield a product of similar high quality | of the commodity. | resources could be obtained from the 
with salt and sodium sulfate as the There are more than 60 identified | 62 billion tons of bedded trona and the 
principal trace impurities. The average | natural sodium carbonate deposits in | 52 billion tons of interbedded or inter- 
material produced by a Solvay soda ash | the world, the largest of which is the | mixed trona and halite that are in beds 
plant is about equal to the natural | trona deposit in southwest Wyoming. | greater than 4 feet thick. Approxi- 
product in sodium carbonate content, | Although several of these deposits have | mately 37 billion tons of reserve base 
but often contains a larger quantity of | been quantified, most are economically | soda ash could be obtained from the 40 
salt. Dense soda ash, because of its | insignificant or too remote to be com- | billion tons of halite-free trona and the 
greater bulk density, may command a | mercially developed. Table 10 lists the | 27 billion tons of interbedded or inter- 
higher price than the light variety, and | countries with known soda ash depos- | mixed trona and halite in beds more 
is preferred for glass manufacture be- | its. All soda ash deposits can be classi- | than 6 feet thick. Although about 16 
cause the light soda ash leads to froth- | fied in one of five modes of occurrences. | million tons of trona are presently be- 
ing in the glass melt. Light soda ash is | In decreasing order of economic impor- | ing mined there annually, Wyoming 
preferred by many chemical and deter- | tance they are: buried, surface or subsur- | could supply all domestic requirements 
gent industries because it dissolves | face brines, crystalline shoreline or bot- | for more than 3,100 years at the 1989 
more readily. Sodium sesquicarbonate | tom crusts, shallow lake bottom crystals, | demand level. As technology improves 
has an intermediate bulk density and is | and surface efflorescences. in the future, mining of the subeco- 
used in some detergents and bath salts. The trona found in the Green River | nomic grades of ore would further ex- 

Typical official specifications for | Formation in southwest Wyoming is an | tend the life of the trona deposit to over 
soda ash include American National | excellent example of a buried trona | 5,100 years. With Wyoming reserves 
Standard K60, 11-1956 (R1969) | deposit. The Wilkins Peak Member | estimated at 22 billion tons, the United 
“Standard Specifications for Soda | contains 42 beds of trona, 25 of which | States, through this one deposit, could 
Ash,” which appears as the American | have a thickness of 3 feet or more. provide the supply needed to meet the 
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current annual world soda ash demand | Kenya is presently in production. The | undercut, drilled, blasted, mucked, 
levels for about 630 years. soda ash reserves of these lakes are | crushed, and transported to the surface 

The U.S. Government established a | renewed annually from natural active | by well-established methods and vari- 
Known Sodium Leasing Area (KSLA) in | volcanic sources. Other African coun- | ous state-of-the-art mining equipment. 
Wyoming within the perimeter of the | tries that may become future suppliers | The conventional blasting method us- 
trona depositional basin. The trona lo- | of soda ash are Chad, Ethiopia, Niger, ing prilled ammonium nitrate and fuel 
cated within the KSLA is subject to | the Republic of South Africa, Tanza- | oil (ANFO) is a standard and reliable 
Federal and State leasing regulations and | nia, and Uganda. Botswana is develop- | method. Continuous mining uses vehi- 
private lease agreements. Although most | ing its Sua Pan salt and soda ash 
of the leasable trona averages 93% so- | deposit and final completion of the 
dium sesquicarbonate, several areas con- | project is scheduled for 1991. Else- TABLE 10 
tain lower grade trona because of local | where, deposits of natural soda ash 
depositional contamination along the | occur in Bolivia, Brazil, Canada, In- WORLD NATURAL SODA ASH 
lake margins, thereby reducing the re- | dia, Pakistan, the U.S.S.R., and Vene- RESERVES AND RESERVE BASE 
serve estimates of that particular area. zuela. Plans are underway to develop (Million short tons) 

A series of Pleistocene playa lakes rich | deposits in China at Xilin Gol and in | 
in evaporite minerals found in California | the Wulan Buh desert area. A trona a 
comprise the second largest reserves of | deposit in Turkey near Beypazari is also Reserves base! 
sodium carbonate in the United States. | under consideration for development. North America: 
Subsurface sodium carbonate-bearing ~ United States: 
brines and crystalline material comprise | Technology —~Califomia? 900 +400 
the resource at Searles Lake, which is a Soda ash from Wyoming trona is ee ° 
nearly dry playa 9 miles long by 7 miles | mined, crushed, dried, dissolved, fil- Colorado" 2,600 4,300 
wide with an area of about 40 square | tered, recrystallized, and redried. In | __“#0minms” 22,000 = 37,000 
miles. Surface sodium-bearing crystal- | California, soda ash from sodium |__Total 25,500 42,700 
line minerals predominate at Owens | carbonate-bearing brines is solution | Mexico = |—i200 __500 
Lake, which was first mined in 1885 by | mined, carbonated, filtered, dried, de- Total 25,700 43,200 
the Inyo Development Co. Both depos- | composed, bleached, and recrystallized | Europe: 
its have combined reserves of about 900 | to dense soda ash. Turkey 216 260 
million tons. : Africa: — — 

Two potential sources of soda ash— Mining.—Commercial mining of | pBoiswana 400 NA 
nahcolite (natural sodium bicarbonate) | Wyoming trona began in 1950. Be- Chad 8 NA 
and dawsonite (sodium-aluminum-car- | tween 1950 and 1989, more than 230 Kenvas SS 56 NA 
bonate)—are associated with oil shale | million tons of trona (equal to about —_— 
in the Piceance Creek basin in north- | 128 million tons of soda ash) have been —Usanda dN __NA 
west Colorado. Identified resources of | mined. Only about 0.6% of the 40 ___Total 482 NA 
32 billion tons of nahcolite and 19 | billion tons of halite-free trona reserve | AS@:_ 
billion tons of dawsonite, equivalent | base has been used since mining began. China® 232 232 
to 20 billion tons and 7 billion tons, Underground mining of Wyoming World total’ 26,600 43,700 
respectively, of sodium carbonate re- | trona is similar to coal mining, except | NA Not available. 
sources, would be available as a by- | that trona is a harder mineral than | | T* "serve base includes demonstrated resources that are cur- . . . . rently economic (reserves), marginally economic (marginal product of oil shale processing or as | coal. The five present Wyoming soda | reserves), and some of those that are currently subeconomic 
single mineral extraction. These deposits | ash producers use room-and-pillar, (eubeconomic resources). is les Lak 
were formed in middle Eocene time | longwall, Shortwall, and solution min- | sperresents only the quantity recoverable based on an average 
with the nahcolite occurring as aggre- | ing techniques individually or in com- | tate of 60% extraction efficiency from room-and-pillar. longwall, 
gates (62%), disseminated crystals | bination. The room-and-pillar method | 24 shortwall methods of underground mining. This extraction : . ° rate does not apply to brines or surface evaporite lake beds. When (24%), and impure beds (14%). has an ore extraction efficiency rate of | cmtion mining of trona and nahcolite is commercially used, a 

The only other commercial natural | about 45% (55% of ore remains as | 30% extraction efficiency rate is expected. 
soda ash deposit in the Western Hemi- | pillars for structural integrity), the pine sodium carbonate content of nahcoite reserves ee ane 
sphere, excluding those in the United | longwall and shortwall methods each | sodium carbonate content of dawsocite reserves and reserve base 
States, occurs at Lake Texcoco, near | have efficiency rates of about 75%, and are 1.82 billion tons, and 3.0 billion, tons respectively. 
Mexico City, Mexico. Two caliché layers | solution mining has an efficiency rate | (jr wageg ne aN (OHS TePlenishes the resources at 
at a depth of 150 feet act as a filter and | of about 30%. These rates are impor- | ‘Proven reserves in Inner Mongolia, 100 million tons: Tongbai, 
reservoir for the sodium carbonate-rich | tant when calculating the amount of | Henan. 132 million tons. . 
brine resource. With an average con- | reserves that are minable. Based on the | jomding nn ON” Deeause Of independent 
centration of about 7% sodium car- | types of mining techniques, the author Note.—There are at least 62 identified natural sodium carbonate 
bonate, the resource contains about | used a 60% average extraction effi- | depdsits in the world, some of which have been quantified. The 

"The Rift Valley of eastern Africa has | semaine 40% ste inplnce oe pills | @: tus Sa (Coes, Cd, Ch 
Egypt (1), Ethiopia (1), India (2), Kenya (3), Mexico (1), Namibia 

several alkaline lakes resembling those | for structural integrity and is unavail- | (. Niger (1), Pakistan (1), the Republic of South Africa (1), 
of California. Only Lake Magadi in | able for present extraction. The ore is States OO), ad Veena the U'S-S.R. (4), the United 
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| TABLE 11 main in solution. The crystals and li- 

SODIUM CARBONATE-BEARING MINERALS quor are separated by centrifugation. 

The sodium carbonate monohydrate 

OO TTT" ct crystals are calcined a second time at 

Mineral Composition Na,CO,! 300° F to remove water of crystalliza- 

Themonatrite (monohydrate) Na,CO,°H,O 85.5 tion. The resultant finish ed product IS | 

Trona (sesquicarbonatey) +=—~SC~CSCSCSCS*~CSNa CO yNaHCO2H,o~~SOAS cooled, screened, and shipped by rail or 

aTona (sesquicammonaiy EEE _| truck in bags or bulk. 

Nahcolite (sodium bicarbonate) NaHCO; An alternate method of soda ash 

Bradleyite === 5S ————sSC(NPOMCCO, = CtCi‘ LCC: production from trona is the sesquicar- 

Pirssonite Na,CO,°CaCO;*H,O 43.8 bonate process. Crushed trona is first 

Northupite Na,CO,*NaCl*MgCO, 40.6 dissolved and filtered to remove insol- 

Tychite 2MgCO,*2Na,CO,*Na,SO, 42.6 uble impurities. The liquor is evapo- 

Natron (sal soda or washing soda) Na,CO,°10H,0 37.1 rated in vacuum crystallizers and the 

Dawsonite NaAl(CO,)(OH), 35.8 sodium sesquicarbonate precipitate is 

Gaylussite NaCO,*CaCO,*5H,O 35.8 cooled to 100° F and centrifuged to 

Shortie. Na,CO,2CacO,———<“<i‘sOS™S™SC*C~SKSSC:*~*:*S Na,CO,*2CaCO, 34.6 produce a pure product, which has uses 

Bukite tCStCt” N02 SO, ~O~<C—s~s‘—‘—s~*:*«TCSC‘(‘(;S Na,CO,-2Na,SO, 572 as such. The sesquicarbonate can be 

Hanksite ~2Na,CO;-9Na,SO,°KCI 13.6 further calcined at 400° F to produce 
cc anhydrous soda ash of light to interme- 

. diate density. : 

. | The complex brines of the lower level 

: of Searles Lake are first treated with 

cles equipped with a rotating cylindri- | Lake in California are extracted using carbon dioxide gas in carbonation tow- 

cal cutter. Continuous miners are used | an array of injection and recovery wells | ers to convert the sodium carbonate in 

by T.g. Soda Ash Inc., in its shortwall | drilled down to specific depths where | solution to sodium bicarbonate, which 

technique. The longwall technique was | mineral concentrations favor maximum will precipitate under these conditions. 

used by General Chemical Corp. (for- | extraction. The Argus plant of Kerr- | The sodium bicarbonate is separated 

merly Allied Chemical Co.), and is now | McGee Chemical Corp. uses sodium | from the remainder of the brine by 

used by FMC Wyoming Corp. Adopted | carbonate-rich brines found in the settling and filtration and is then cal- 

from coal mining use, the longwall | Mixed Layer zone, 220 feet to 310 feet cined to convert the product back to 

method uses a special track-mounted | below the surface. Solar concentration | soda ash. The decarbonated brine is 

shearer that moves in front of a | ponds are used to aerate and concen- | cooled to recover borax and Glauber’s 

hydraulic-operated roof support system. | trate the brine to improve processing | salt. A second dissolving, precipitating 

FMC has pioneered the use of solu- | efficiency. with carbon dioxide, filtering, and cal- 

tion mining to dissolve and recover cining the light soda ash to dense, 

deeply buried trona. Using an array of Beneficiation.—Crushed trona is cal- | refines the product to better than 99% 

injection and recovery wells, a solvent, | cined in a rotary kiln at 325° to 400° F | sodium carbonate. 

dilute sodium hydroxide, is introduced | to dissociate the ore by the monohy- At Owens Lake in California, crude 

under pressure to dissolve the underly- | drate process, which produces only soda ash has been mined and processed 

ing trona. This technique has had mod- | dense soda ash with carbon dioxide and | by Lake Minerals Corp., by simply 

erate success since its first commercial | water as byproducts. The calcined ma- | digging perimeter channels allowing 

debut in 1985. terial is combined with water to dis- | the interstitial fluids to drain. The sur- 

To reduce mining costs and maintain | solve the soda ash and to allow sepa- | face was tilled to promote evaporation 

their competitiveness in the world, | rating and discarding of the insoluble | to reduce moisture content, followed by 

many Wyoming soda ash companies | material such as shale and shortite by harvesting with front-end loaders. 

implemented continuous belt and mo- | settling and/or filtration. The waste At Lake Magadi, Kenya, crude trona is 

bile track conveyor systems to transport | material is piped in a slurry to contain- dredged from surface crusts, crushed, 

trona underground more efficiently. | ment basins, also known as tailing | washed, and calcined to convert the so- 

This new haulage system has replaced | ponds. The resulting clear liquid is | dium sesquicarbonate to soda ash. At 

ore-carrying shuttle cars, reduced the | concentrated as necessary by triple- | Lake. Texcoco in Mexico, underground 

mine workforce, and increased the | effect evaporators or mechanical vapor brines are recovered and sent to a surface 

quantity of ore mined per shift. Com- | recompression crystallizers, and the | spiral concentrator to promote the solar 

panies have also been considering elim- | dissolved soda ash precipitates as crys- | concentration of the sodium carbonate 

inating conventional mining but retain- | tals of sodium carbonate monohydrate, | in solution. On the Kola Peninsula in the 

ing other mining methods, sometime in | Na,CO,°H,O. The crystallization tem- | U.S.S.R., soda ash is recovered from 

the foreseeable future, in order to fur- | perature is about 212° F, which is be- | processing nepheline-bearing rocks. 

ther reduce labor, safety, and other | low the transition temperature of | Nepheline, a sodium-potassium-alum- 

operating costs. monohydrate to anhydrous soda ash. | inum silicate is calcined in rotary kilns to 

Subterranean brines between 50 and | Other dissolved impurities, such as so- | yield alumina, potash, and soda ash. The 

350 feet below the surface at Searles | dium chloride or sodium sulfate, re- | alumina content of the rocks is about 
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one-half bauxite but the mining and pro- Recycling.—There is no recycling of TABLE 12 
cessing produces byproduct soda ash. | soda ash by producers; however, many TIME-VALUE RELATIONSHIPS 
The Petukhi and Tanatar (Mikhay- | glass-container manufacturers are us- FOR SODA ASH 
lovskiy) natural soda ash lakes in Altay | ing cullet glass, thereby reducing soda 
Kray of West Siberia provide some | ash consumption. —_____"Kuorace annual value 
source of natural product. “(dollars per ton) us 

Synthetic soda ash using the Solvay | Byproducts and Coproducts —Waturalsodaash 
process uses salt and limestone as raw Borax, potassium chloride, sodium | Actual . Based on constant 
materials. A purified sodium chloride | chloride, and sodium sulfate are PIO- | Vear value! 1989 dollars2 
brine is saturated with ammonia and | duced as coproducts with soda ash by 1970. 21.03... 63204. 
carbon dioxide gas to produce ammo- | Kerr-McGee in California. In Wyo- 71. L603 
nium bicarbonate, which reacts with | ming, only value-added products, such | —2——————_“":" ___—99-33_ 
the salt to form sodium bicarbonate | as sodium bicarbonate, sodium hydrox- P72 2228 60-52 
and ammonium chloride. The sodium | ide, sodium sesquicarbonate, and so- | 1973.25.36 64.71 
bicarbonate is calcined at 350° to 425° F | dium tripolyphosphate are produced | 1974 33.87 19.22 
to light soda ash, and the gases pro- | from trona ore. Soda ash-bearing purge | 1975 42.20 89.88 
duced are recycled back to the liquid | liquors and waste streams, normally | 1976 49.70 99.48 | 
phase. The liquid containing ammo- | considered waste byproducts, have | 1977 54.19 101.70 
nium chloride is reacted with milk of | been sold to powerplants for fluegas | 1978 54.51 95.35 
lime to recover the ammonia and to | desulfurization because of their sodium 1999 6455 103.72. 
produce byproduct calcium chloride. | carbonate content. © 1980 8985 13242. 
Limestone and coke are required to Sodium hydroxide (caustic soda) can 1981. 9119. 122.52 
make the milk of lime. Dense soda ash | be substituted for soda ash in some | ——H—————____>-— . . : . ae 1982 88.35 111.59 is produced by hydrating light ash to | applications, but usually only at a | — 
produce larger sodium carbonate | higher cost and when available. About | 193 = 76-95. 93.54 
monohydrate crystals. The crystals are | 1.3 tons of soda ash must be used to | 1984 97-000 78.57 
dehydrated in dryers to change the bulk | have the same chemical effect as1.0ton | 1985 67-82 77.24 
density. To produce 1.0.ton of synthetic | of caustic soda. Soda ash is usually | 1986 65.29 72.46 
soda ash requires about 2.8 tons of | shipped in dry, bulk form whereas | 1987 66.78 71.84 
steam, 1.7 tons of salt, 1.4 tons of | caustic soda is transported as a liquid | 1988 66.96 69.72 
limestone, 0.6 ton of coal for the boil- | in various-sized closed containers. 1989 77.07 77.07 
ers, and about 0.2 ton of coal for the An alternate source of soda ash is Values are the combined total revenue of California and Wyo. 
dryers. Disposition of effluent streams | nahcolite, natural-occurring sodium bi- | ming natural soda ash sold at list-prices, spot-prices, discount, 

| containing high concentrations of cal- | carbonate found in a vast deposit in Long-term contracts, and for export, divided by the quantity of . . ulk soda ash sold, f.o.b. plant. The average annual value may cium chloride and sodium chloride is a | Colorado. The nahcolite could be con- | . necessarily correspond to posted list prices for soda ash. 
major problem for all Solvay soda ash | verted to soda ash by calcination. *From final 1989 implicit price deflators for Gross National pl ants. The S olvay process dis charges 1902 100 the Council of Economic Advisors. Based on 

about 1.7 tons of waste products. — Economic Factors 
Other chemical processes can pro- 

duce synthetic soda ash. The Japanese Prices.—The list prices of natural | long-term contracts, and for export, 
ammonium chloride coproduction proc-:| and synthetic soda ash historically were | divided by the quantity of soda ash 
ess, a variation of the Solvay process, | identical until the mid-1970’s when | sold on a bulk f.0b. plant basis. This 
converts all the sodium content of the | higher energy costs and costs to imple- | value may or may not necessarily cor- 
salt into soda ash, whereas the Solvay | ment the controls imposed by antipol- | respond to the posted list prices. 
process converts only about 70% of the | lution legislation caused the synthetic 
sodium. The Japanese process also pro- | soda ash price to increase compared Tariffs.—The United States has a 
duces byproduct ammonium chloride | with that of the natural material. New | 1.2% ad valorem tariff on imports of 
that can be used as a fertilizer for | natural soda ash producers came on- | soda ash from countries having most- 
growing rice in wetlands. The New | stream in 1976 and 1982 and contrib- | favored-nation (MEN) status. There is 
Asahi process was also developed in Ja- | uted to slight changes in price-value | an 8.5% ad valorem tariff on imports 
pan and uses less energy than the tradi- | trends. Changes in the domestic de- | from non-MFN sources. 
tional Solvay process. An electrolysis- | mand pattern also influences average Many nations levy import tariffs or 
free process to produce vinyl chloride | annual values, especially after 1980, | antidumping duties of varying percent- 
monomer with coproduct soda ash was | when domestic demand declined. ages on U.S. soda ash. In Western 
developed in the Netherlands but is not The list prices quoted in trade jour- | Europe, an antidumping duty of 67.5 
in commercial operation. The method | nals or by producers differ from the European Currency Units (about 
yields soda ash instead of caustic soda, | annual average values reported to and | $67.13 per ton) is imposed on any U.S. 
and uses steam and carbon dioxide in- | by the Bureau of Mines. The values are | soda ash sold on the continent. 
stead of electricity. The energy consump- | the combined total revenue of Califor- 
tion is reported to be one-half that of the | nia and Wyoming natural soda ash sold Taxes.—The total effective tax rate 
Solvay process. at list-prices, spot-prices, discount, | on the Wyoming trona industry is 
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about 12.64% and comes from two | leases having 26,799 acres. The major | bottom of ponds to become an addi- 

major taxes. The trona severance tax of | lessee is Kerr-McGee Chemical Corp., | tional source of soda ash if needed. For 

5 5% is a State excise tax on minerals as | which produces soda ash, sodium sul- | example, FMC has been dredging some 

they are removed from the ground, and | fate, and salt on its sodium leases on | of its sodium decahydrate, which has 

is applied as a percentage of assessed | Searles Lake. been accumulating since 1950. Some 

valuation. The collected taxes are dis- pond water is recirculated into the 

bursed to the Permanent Wyoming Depletion Provisions.—The mineral | mines and used as drilling and cutting 

Mineral Trust Fund (2.0%), the Gen- | depletion allowance granted to the min- | coolant. Because of changes in envi- 

eral Fund (2.0%), and the Capital Fa- | ing industry through legislation passed ronmental legislation in Wyoming, 

cilities Revenue Account (1.5%). The | by the U.S. Government has been an | Tenneco Minerals has begun discharg- 

property, or ad valorem, tax is about | important inducement for companies | ing its waste material into abandoned 

7.14% of the assessed value of trona | willing to accept the risk and high cost | sections of its underground mine, 

produced from the mines. The ad valo- | of mining development. The concept of | thereby using less surface area on the 

rem taxes on trona are higher than any | depletion allowances for minerals is | surface for tailing ponds. The expense 

other Wyoming minerals, including oil, | similar to the depreciation of other | of underground discharge is partially 

gas, and coal. Other ad valorem taxes | assets. Although cost depletion and | offset with the reduction in costs of 

are placed on the assessed value of real | percentage depletion are two methods | constructing and maintaining surface 

| property (buildings and equipment), | used to compute depletion deductions, | tailing ponds. 

and State sales and use taxes on equip- | most companies prefer to use the latter. The alkaline surface ponds, with a 

ment and facilities. About 100 mineral categories are enti- | potential of hydrogen (pH) up to 10.5, 

tled to percentage depletion. The rates | have posed some problems for migra- 

Royalties. —Soda ash mined on Fed- | range between 5% and 22% of the | tory fowl that land on the ponds. The 

eral lands is subject to the Mineral | gross income from the mineral prop- alkaline solutions strip the insulative 

Leasing Act of 1920, which provides | erty, depending on the mineral and | natural oils from the fowls’ feathers, 

royalty payments to the United States | location (foreign or domestic), and are | thereby increasing the vulnerability of 

Government. The Federal royalty is 5% | subject to a limitation of 50% of the | the birds to death from hypothermia. 

of the quantity or gross value of the | net income from the property. The sig- | Also, birds have drowned because of 

output of the product at the point of | nificance of percentage depletion is | the weight of sodium decahydrate that 

: shipment to market. Each Federal lease | that the deduction is based on the | crystallizes on them when the tempera- 

also has other costs, such as bonds, | quantity of the first marketable prod- | ture falls below 40° F. All trona pro- 

acreage rental fees, sodium prospecting | uct (soda ash and not trona) and not | ducers have established a rehabilitation 

permit application fees, and permit | necessarily on the amount invested. The | program to recover and release contam- 

bonds. mineral depletion allowance for soda ash | inated birds and to minimize the mor- 

In Wyoming, the soda ash deposit | is 14% for U.S. companies mining from | tality and morbidity rate. 

within the Known Sodium Leasing | domestic or foreign sources. Land surrounding trona operations in 

Area is under the jurisdiction of the Wyoming is relatively undeveloped, and 

U.S. Government (administered by the | Operating Factors | the influx of large numbers of workers 

Bureau of Land Management), the Operating factors are different for | has caused great strain on the local facil- 

State, and the Union Pacific Railroad, | mining companies than for manufactur- ities for housing, schools, shopping, and 

which was given alternate 1-square- | ing facilities engaged in producing natu- entertainment. Soda ash companies have 

mile sections north and south of the | ral soda ash and synthetic soda ash, | provided financial assistance to aid local 

railway that was constructed in the | respectively. The shift in U.S. soda ash | governments in handling any overloads 

1860’s. Of the nearly 915,000 total | production from synthetic to natural has caused by the migration of their employ- 

acres of sodium mineral estate, the | been caused by higher costs attributed to | ees and families into the community. The 

Federal ownership is 55.7%; Union Pa- | the greater energy and labor require- | companies have given financial aid to 

cific owns 38.1%, and the State, 6.2%. | ments of the Solvay process and to envi- employees purchasing homes in the sur- 

Sixteen lessees hold 53 active and inac- | ronmental regulations. Within the natu- | rounding communities, and other fringe 

tive Federal leases, having a total of | ral soda ash industry, the operating benefits, such as low-cost transportation 

75,783 acres. In order to prevent a | factors vary for producing the commod- | to and from work. 

possible land monopoly, no lessee may | ity from brines and from trona ore. 

hold more than 15,360 acres of Federal Toxicity. —Although soda ash is not 

land but may lease more private or Environmental Requirements.—U.S. | considered a highly toxic substance, 

State land. The State royalty rate is tied | natural soda ash facilities do not have | contact with the eyes may be injurious 

to the Federal rate of 5%: however, the | difficult problems disposing of efflu- | and prolonged contact with the skin 

private royalty rate varies. One-half of | ents. Residual insoluble material is | may cause irritation, especially to those 

all Federal royalties collected by the | piped to surface tailing ponds, and | who have allergic reactions to alkaline 

Minerals Management Service is dis- | allowed to settle. Some soda ash in | materials. It has also been found to be 

bursed back to Wyoming for various | solution that is not economically recov- | corrosive to the stomach lining if in- 

State and local programs. erable from processing is discharged | gested. It has an acute oral lethal dose 

In California, the Federal Govern- | and is converted to sodium decahydrate (LD50) of 2.8 grams per kilogram 

ment maintains 33 sodium mineral | in the ponds and precipitates on the | (when tested on a rat) and a primary 
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skin irritation index (PSII) of 2.54 | dustry lowered its energy requirement | Denver & Rio Grande Railroads to 

) (when tested on a rabbit). Simulta- | to a range of from 4.5 to 6 million Btu, | compete with Union Pacific. 

neous exposure to soda ash and lime | depending on the individual producer. The railroads have been involved in 

dusts should be minimized because in | An estimated one-half of the energy | establishing soda ash bulk loading ter- 
the presence of moisture, as from per- | consumed in natural soda ash refining | minals at ports to handle large volumes 
spiration, the two materials combine to | using triple-effect evaporators is for | of material for export. Kansas City 
form caustic soda, which is very harm- | evaporating; one-third is for calcining, | Southern Railroad’s terminal at Port 
ful. Soda ash is not flammable, and the | and the remainder, for drying. Arthur, TX, has a railcar unloading 
dust is not explosive. These energy requirements exclude | capacity of about 1,000 tons per hour. 

the amount of energy needed to ship | Material is conveyed to a ship loader 
Employment.—According to the | soda ash to foreign markets. Although | spout for transfer to bulk cargo ocean 

Wyoming Office of the State Inspector | it has been estimated that it would take | vessels. Port Arthur was the third larg- 
of Mines, the Wyoming soda ash indus- | about 2.9 million Btu of additional | est port of the 24 ports that shipped 
try in 1980 employed 3,931 people, of | energy to transport soda ash by rail and | soda ash in 1989, most of which was 
which 1,817 were underground work- | by ship to Western Europe, natural | shipped to South America. Longview, 
ers, to produce 12.9 million tons of | soda ash production nevertheless re- | WA, which is in the Portland, OR, 
trona. In 1989, 2,939 people were em- | quires less energy than the Solvay proc- | customs district, has a bulk loading 
ployed, of which 1,199 underground | ess or any other synthetic technique. terminal that transferred the most soda 
workers produced 16.2 million tons of ash, 47%, in 1989. 

ore. From 1980 through 1989, the un- Transportation.—The western geo- 
derground workforce was _ reduced | graphic locations of the domestic nat- 1 Mining Magazine. Panorama: Shearer Impresses In 

about 34%, while the quantity of trona | ural soda ash industry often pose prob- | Longwall Trona Mining. V. 161, No. 6, Dec. 1989, p. 84. 

increased 26%. This represented a90% | lems because of the great shipping ? Green River Star (Wyoming). FMC Puts Brakes On 
increase in the amount of ore mined per | distance to most foreign customers. | Solution Mining Project. Apr. 27, 1987. 
worker per year; 7,100 tons in 1980 and | Even within the United States, the ma- | , Chemical Marketing Reporter. Soda Ash Plant De- 

. . . . . ottlenecked. V. 235, No. 15, Apr. 10, 1989, p. 6. 
13,511 in 1989. jority of domestic consumption is in 4 Chemical Week. Soda Ash Project Moves Ahead. V. 

the Midwest and east of the Mississippi | 145, No. 9, Aug. 30, 1989, p. 13. 

Energy Requirements.—Natural soda | River. Overland and ocean transporta- 5 Chemical Marketing Reporter. Natec Demo Flies. V. 
ash plants consume considerably less en- | tion rates become important factors in | 235, No. 25, June 19, 1989, p. 15. 
ergy per unit of product produced than | the delivered price of soda ash and °———.. Sodium Bicarb Up Flue. V. 236, No. 6, Aug. 
do synthetic soda ash facilities. As the | must be considered seriously in negoti- 1, 1989, p. 7. 

. . . . . Chemical Week. Soda Ash: EC-U.S. Battle Goes 
cost of energy has increased since the | ations with foreign consumers who of- | 4, y ; 44, No. 19, May 10, 1989, p. 23. 
1973 energy crisis, the differential in pro- | ten have alternate supply sources. Bulk 8Green River Star (Wyoming) Star. Taiwan Cuts | 
duction costs between natural and syn- | freight rates can usually be reduced by | Trona Tariff. Aug. 10, 1989. 
thetic soda ash has become greater. This | shipping in larger volumes, such as in ° Ruropean Chemical News. ICI Sells Australian Soda 
is one of the major reasons that U.S. | 7,500-ton units. Unit. V. 52, No. 1371, May 1, 1989, p. 5. 
natural soda ash has maintained its com- The railroad is the dominant mode of | _ ‘Mining Magazine. World Highlights: Africa—Soda 

we . Float. V. 160, No. 3, Mar. 1989, p. 173-174. 
petitiveness in the world market. transportation for the shipment of soda 11 The Wall Street Journal (New York), Anchor Glass 

An early Bureau of Mines energy | ash. In Wyoming, the Union Pacific | set to be Purchased by Mexico’s Vitro. Oct. 16, 1989, p. 
study, using 1973 data, indicated that | Railroad provides the main service to the | a7. 
15.8 million British thermal units (Btu) | industry. All bulk soda ash that is railed 
was required to produce 1 ton of syn- | is carried in covered hopper cars, each | OTHER SOURCES OF INFORMATION 

thetic soda ash, whereas the energy | handling about 98 tons. Although the 
requirement to produce the same quan- | railroad companies make their cars avail- | Bureau of Mines Publications 
tity from trona was 7.2 million Btu. | able, most soda ash companies have their Soda Ash. Reported in Mineral Industry 
The domestic soda ash industry has | own sizable fleet. Surveys, monthly. 
reduced its energy requirements signif- Beginning in 1985, soda ash was Soda Ash Ch. in Mineral Yearbook, 
icantly since 1973, by replacing gas- | shipped in large quantities by truck. annual. 
fired dryers with steam-tube units and | Bonneville Transloaders Inc. trucked Soda Ash Ch. in Mineral Commodity 

installing mechanical vapor recompres- | soda ash from Green River to the Bur- Summaries, annual. 
sion units to replace triple-effect evap- | lington Northern Railroad’s line at | Other Sources 
orators. The industry has also con- | Shoshone. Of the nearly 9 million tons Soda Ash. Mining Engineering, annual 
verted to coal exclusively or combined | of soda ash produced in Wyoming, review of commodities. 
with other fuel sources. Plants operated | Bonneville trucks about 850,000 tons Engineering and Mining Journal, 

by T.g. and Tenneco, and the Argus | out of Green River. Other trucking annual review of commodities. 
plant operated by Kerr-McGee use coal | companies have started similar opera- Chemical Week. 
only. As a result of these energy saving | tions with the Southern Pacific (ship- Chemical Marketing Reporter. 
measures, the Wyoming soda ash in- | ping over 250,000 tons per year) and Chemical and Engineering News. 
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| By Dennis S. Kostick 

Mr. Kostick, a physical scientist with 11 years Bureau of Mines experience, has been the commodity specialist for sodium 

sulfate since 1979. Domestic survey data were prepared by Carleen Militello, mineral data assistant; and international data 

tables were prepared by William Zajac, Chief, International Data Section. | 

he U.S. sodium sulfate indus- | mills convert from  chlorine-base | U.S. Department of Defense and for 
try rebounded slightly in 1989 | bleaching chemicals to oxygen-base | the National Aeronautics and Space 
as demand increased in the | chemicals that are environmentally | Administration, the Federal Govern- 
detergent and pulp and paper | safe, less sodium sulfate will be used in | ment and private contractors inter- 

sectors. After years of stagnant growth, | the pulping process. This change in | vened with sufficient funding to tempo- 
domestic producers were encouraged at | processing technology will have an ad- | rarily avert the closure. By September 
the positive trend but were aware the | verse effect on future sodium sulfate | 1989, problems with carbon disulfide 
trend may be short lived because of | consumption.! and polychlorinated biphenyl (PCB) 
environmental changes occurring emissions forced State and Federal reg- 
throughout the Nation, which may af- | _—Ct—“‘SCCCCC#:« attr agencies to demand a cessation 
fect domestic consumption. Additional | PRODUCTION of contaminated water discharges.” In 

imports from neighboring countries | —————--—————————————— | November, the company abandoned its 
contributed to domestic supplies of so- efforts to counter the mounting criti- 
dium sulfate in response to a decline in Domestic production of sodium sul- | cism of its operations and permanently 
U.S. production capacity. Although the | fate decreased about 5% in 1989 pri- | closed the facility. In order to prevent 
United States continued to be one of | marily because of the closure of Avtex | possible supply disruptions, several so- 
the largest producers of natural and | Fibers Inc., a rayon manufacturer in | dium sulfate consumers relied upon 
synthetic sodium sulfate, world pro- | Front Royal, VA, that recovered | imports to meet their anticipated sup- 
duction has grown only 1% per year | byproduct sodium sulfate. Avtex was | ply needs. 
since 1985. the second largest synthetic sodium sul- | Ozark-Mahoning Co., the Nation’s 

fate producer in the United States with | second largest natural sodium sulfate 
af ans annual = production capacity of | producer, was included in the sale of its 
ISSUES 85,000 tons. The company encountered | parent organization, Pennwalt Corp., to 

TT a — = | eCONOMIC and environmental problems | Atochem S.A. Atochem is the chemical 
at its facility beginning in late 1988. | sector of Société Nationale Elf Aquita- 

The pulp and paper industry, which | Because the facility manufactured spe- | ine of France. The reorganization of 
consumes about 28% of domestic so- | cial carbonized rayon fabric for the | Atochem’s U.S. chemical enterprises 
dium sulfate supplies, has been under 
investigation for discharging carcino- : 
genic wastewater effluents into the en- TABLE 1 

vironment. Although dioxin investiga- SALIENT SODIUM SULFATE STATISTICS 
tions have been conducted since 1983, 
104 bleached pulp mills were studied in (Thousand short tons and thousand dollars) 

April 1988 by the U.S. Environmental |] 
Protection Agency to determine the 1985 1986 1987 1988 1989 
cumulative risk of a certain dioxin | United States: 

(2,3,7,8 tetrachlorodibenzo-p-dioxin, Production! 8il "841 799 817 776 

or TCDD) and a furan (2,3,7,8,- Value” "$74,766 $72,419 $69,289 $64,388 $64,447 
TCDEF) released by the processes. Diox- | “Exports 49 4.1L 122 ©8506)” «68 
ins are toxic synthetic compounds that Value ——~C~«~CSs«~CSs«t:C«SS TL B899.—~=C*S NB. ~—=S=«*S NOS SS*«*SBSTIBOC*«K SL 
have been identified as carcinogenic to Imports for consumption ~~ ~«41495.”~S~=<CSs=S~dY*wRSC“‘(CNC’S OLBBW-”””—S«d*CSOD «42080 

imals but their effect on hu- imports for consumption 9S BB BS_—C*d8 
ang “e controv ersial. The issue is Value $14,492 $13,829 $10,363 "$11,962 $13,990 

whether or not the quantity of dioxin | Stocks. Dec. 31: Producers’ 3 SD 
that has migrated from milk carton | _APParent consumption 9048877 8328789 
stock into milk and from other paper World: Production "4,970 "5,057 "5,163 P5,182 ©5,217 

products, such as paper towels, coffee Includes nat ral and synth ke To ral prod ion data for synthetic sodium sulfate, obtained from the B f the C vised filters, disposable diapers and sanitary in 1988, MA28A Inorganic Chemicals, Current Industrial Reports. 1um sulfate, odtained from the Bureau of the Census, was revise 

paper pr oducts, is harmful. If pulp ?The value for synthetic sodium sulfate is based upon the average value for natural sodium sulfate. 
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| : TABLE 2 

PRODUCERS OF NATURAL AND SYNTHETIC SODIUM SULFATE IN 1989 

a 
Plant nameplate 

Product and company capacity Plant location Source 
(thousand short tons) 

Sodium sulfate, natural: 

Great Salt Lake Minerals & Chemicals Corp. 50 Ogden, UT | Salt lake brine. 

Kerr-McGee Chemical Corp., Westend plant 240 Trona, CA Dry lake brine. 

| Ozark-Mahoning Co. ! 155 Seagraves, TX Do. | 

Total 445 

Sodium sulfate, synthetic: TO 

Avtex Fibers Inc. — Front Royal, VA Rayon manufacture. 

BASF 38 Lowland, TN Rayon manufacture. 

North American Rayon Corp. 15 Elizabethton, TN Rayon manufacture. 

Climax Chemical Co. 50 Hobbs, NM Hydrochloric acid manufacture. 

Courtaulds North America Inc. 50 La Moyne, AL Rayon manufacture. 

Cyprus Specialty Metals 18 Kings Mountain, NC Lithium carbonate. 

W. R. Grace & Co. Organic Chemicals Div. 9 | Nashua, NH Chelating agents. 

Green Bay Packaging | 11 Green Bay, WI Byproduct. 

Hoffman-La Roche Inc. 15 Belvidere, NJ Ascorbic acid manufacture. 

J.M. Huber . 35 Etowah, TN Silica pigment. 

Do. 15 Havre de Grace, MD Silica pigment. 

Indspec 39 Petrolia, PA Resorcinol manufacture. 

Lithium Corp. of America | 45 Bessemer City, NC Lithium carbonate. 

Occidental Chemical Corp. 120 Castle Hayne, NC Sodium dichromate manufacture. 

Public Service of New Mexico 7 Waterflow, NM Fluegas desulfurization. 

Teepak, Inc. 7 Danville, IL Cellulose manufacture. 

Texaco Chemical Co. 3 Delaware City, DE Fluegas desulfurization. 

Total 477 

Grand total — 922—~™” 

' Ozark’s Brownfield plant, owned by Atochem North America (formerly Pennwalt), was placed on standby in Sept. 1987; 70,000 tons of capacity is not included in total industry capacity. 

2 Closed in Nov. 1989. Facility had a capacity of 85,000 tons per year; not included in total. 

was scheduled to be effective January 
1, 1990, and to be called Atochem 
North America, Inc.? 

The United States was the largest TABLE 3 

producer of natural and synthetic so- | gyn THETIC AND NATURAL SODIUM SULFATE! PRODUCED IN THE 
dium sulfate, representing about 15% UNITED STATES 

of the world total, followed by Spain 
and the U.S.S.R. with 13% each; Mex- (Thousand short tons and thousand dollars) 

ico, 10%; and Canada, 7%. These five 
countries accounted for approximately Synthetic and natural? 

58% of the world’s output of total (quantity) Natural 

sodium sulfate, based on obtainable Year Lower purity? High 4 ; 
production data. | (99% or less) purity Total Quantity Value 

1985 375 436 811 389 35,860 

ee | 1986 362 479 841 396 34,102 

CONSUMPTION AND USES __ | 1987 344 456 799 382 33,086 

| 1988 342 "475 "817 398 31,377 

. 1989 330 447 776 375 31,104 
U.S. consumption of sodium sulfate TRaed 

rose about 6% after several years of ! All quantities converted to 100% Na SO, basis. 

stagnation. Although production de- 2 Current Industrial Reports, Inorganic Chemicals, Bureau of the Census. Revisions from 1988 Annual (Preliminary), MA28A, Nov. 

clined, imports of anhydrous sodium | ; eee Glauber’s calt. 
sulfate, primarily from Canada and | ‘pata may not add to totals shown because of independent rounding. 
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| Mexico, increased in order to meet do | creased in the Kraft pulping industry | ducers were 26,285 tons. The material 
mestic demand requirements. because of the rise in demand for paper | stockpiled was anhydrous sodium sul- 

Approximately 60% of the total so- | products and the high prices of caustic | fate and Glauber’s salt. Synthetic so- 
dium sulfate consumed in the United | soda, which is an alternative to sodium | dium sulfate was marketed mainly 
States is for use as a filler in powdered | sulfate when prices and availability are | through major chemical distributors, 
laundry detergents. Because phos- | favorable. Kraft pulping represented | which have separate storage facilities 
phatic detergents contribute to the en- | about 83% of the domestic pulp mar- | from the producers. 
vironmental problems of eutrophica- | ket in 1989. Public awareness about the 

tion, many areas in the country have | environmental issue of nondegradable | = 
adopted phosphate bans or limitations. | plastic packaging made many people | PRICES 

These areas represent about 33% of the | prefer brown paper grocery bags (pro- | ——--7-7272/V)Y)Y)Y))))lSS_ 
U.S. population. In response to the | duced by the Kraft process), which 
environmental issue, detergent manu- | degrade in landfills much more readily The increase in domestic consump- 
facturers began reformulating their de- | than plastic bags. Kraft pulping repre- | tion and tightness in supply caused the 
tergents by switching from sodium tri- | sents about 28% of the total demand | prices of bulk and bagged sodium sul- 
polyphosphate (STPP) to tetrasodium | for sodium sulfate. fate to also increase. The average value 

pyrophosphate, which has the same rose from $78.81 per ton in 1988 to 
building power as STPP but requires $83.05 per ton in 1989 for bulk sodium 
less to be used, thereby reducing the | ___—sCCC—“‘CC~C—CSSS |, Sl fate, f..0.b. mine or plant. Increased 
amount of phosphate released into the | STOCKS bagging costs raised the price of 100 
environment.* These reformulations used | ————--------__ | pound bags to $7. Prices in the East are 
more sodium sulfate as filler, which was $113 to $114 per ton; $90 to $100 in the 
beneficial to the sodium sulfate industry. Yearend inventories of natural so- | Gulf; and $117 per ton in the West..Salt 

Sodium sulfate consumption also in- | dium sulfate stored by the three pro- | cake prices are about $62 per ton.” 

; TABLE 4 

SODIUM SULFATE SUPPLY-DEMAND RELATIONSHIPS! 

(Thousand short tons) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

WORLD PRODUCTION : 

United States 1,139 1,111 864 855 872 811 841 799 817 776 

Rest of world 3,856 4,071 3,679 3,645 3,980 4,159 4,216 4,364 4,365 4,441 

Total 4,995 5,182 4,543 4,500 4,852 4,970 5,057 5,163 5,182 5,217 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Domestic sources 1,139 1,111 864 855 872 811 841 799 817 776 

Imports . 230 275 394 343 265 195 188 138 150 190 

Industry stocks, Jan. 17 29 33 66 30 48 59 31 _ 72 a) __59 

Total U.S. supply 1,398 1,419 1,324 1,228 1,185 1,065 1,060 1,009 1,022 1,025 
Distribution of U.S. supply: 

Industry stocks, Dec. 317 33 66 30 48 59 31 72 55 59 26 

Exports 129 124 111 91 76 119 111 122 85 68 

Industrial demand 1,236 1,229 1,183 1,089 1,050 915 877 832 878 931 

U.S. DEMAND PATTERN® 

Glass 74 68 60 55 54 53 53 45 40 37 

Pulp and paper 593 560 540 $12 500 490 482 490 525 560 

Soaps and detergents 482 480 470 468 400 350 324 290 280 261 

Other? 87 121 113 54 96 22 __ 18 7 __33 __ 73 

Total U.S. primary demand 1,236 1,229 1,183 1,089 1,050 915 877 832 878 931 
VALUES * 

Average annual value $62 $71 $83 $93 $92 $92 $86 $87 $79 $83 

“Estimated using data from “Chemical Profile” issues on sodium sulfate by Chemical Marketing Reporter for 1971, 1975, 1978, 1980, 1983, 1986, and 1989. 

' Natural and synthetic except where noted. Synthetic sodium sulfate data obtained from the Bureau of the Census are revised periodically and may differ from previous published reports by the Bureau of 

Mines. World production data also are periodically revised on receipt of updated information. 

? Natural sodium sulfate only. 
3 Includes ceramics, chemicals (potassium sulfate, sodium hyposulfite, sodium sulphide, sodium silicate, and sodium aluminum sulfate), feed supplements, printing inks, sulphonated oils, textile dyeing, 

veterinary medicines, and viscose sponges. 

* Dollars per ton for natural sodium sulfate, f.o.b. mine or plant. 
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ree FOREIGN TRADE 
U.S. SUPPLY-DEMAND OF SODIUM SULFATE _|-  — 

1600 | | Canada and Mexico represented 
| | about 84% and 13%, respectively, of 

> TOTAL fate, and the United Kingdom im- 

_ United States has a net import reliance 

2 expensive than products from domestic 

2 a NATURAL ping costs are considered. 

> SYNTHETIC TT eee in 1989 than in the previous year. 

- shipped to Australia; New Zealand re- 

sia, 9%; and Colombia, 7%. Most was | 

2 70 975 1980 1085 ) 1089 in the form of low-purity salt cake. 

WORLD REVIEW 

Industry Structure 

Approximately 47% of the world 
sodium sulfate industry is from natural 
sources; the remainder is represented by 

FIGURE 2 synthetic | sodium SuMate recovered 

| T vari n - 
PRODUCTION OF NATURAL AND SYNTHETIC SODIUM SULFATE turing processes. Although the Bureau 

2000 of Mines collects data from 29 sodium 
sulfate-producing countries, other 
countries are known or assumed to 

| 2 have produced synthetic sodium sulfate 
10 | 0 but production statistics are not re- 

. U.S. CONSUMPTION ported and available information is in- 
or adequate to make reliable estimates of 

2 PRODUCTION output. 

O 1000 — Capacity 
6 The data in table 9 are rated capaci- 
2 ties for mines and refineries as of De- 

0 nn cember 31, 1989. Rated capacity is 
- defined as the maximum quantity of Ee IMPORTS q y 

product that can be produced in a 

9 tie eee yp ay Te able long-term operating rate, based on 
1970 1975 1980 1985 1989 | the physical equipment of the plant, 

and given acceptable routine operating 
procedures involving labor, energy, ma- 
terials, and maintenance. Capacity in- | 

cludes both operating plants and plants 
temporarily closed that, in the judgment 
of the author, can be brought into pro- 
duction within a short period of time 
with minimum capital expenditure. 

Mine capacity for natural sodium sul- 
fate is derived from available company 
data on ore throughput to the refinery. 
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TABLE 5 The ore refers to mined crystalline so- 
| SODIUM SULFATE YEAREND PRICES dium sulfate, harvested precipitate, or 

sodium sulfate-bearing brines. Refinery 
mms sd capacity for natural sodium sulfate per- 

| tains to the total amount of anhydrous 
Sodium sulfate (100% Na,SO): sodium sulfate that the plant is capable 
__East, bulk, carlot, works, frt. equaled per ton $113.00-$114.00__$113.00-$114.00 | oF processing from the ore. Synthetic 

Gulf, bulk, carlot, same basis do. 90.00- 96.00 90.00- 100.00 (also known as byproduct) sodium 

West, bulk, carlot, same basis do. 90.00- 101.00 117.00 — | sulfate-refining capacity is dependent on 

| Salt cake (100% Na,SO,): the production capabilities of the pri- 
_ East, bulk, f.0.b. works do. 65.00- 98.00  65.00- 98.00 | mary industry and the sodium sulfate 

West, same basis do. 90.00- 99.00  90.00- 99.00 | recovery rates. The footnotes in table 9 
Sources: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 235, No. 1, Dec. 30, 1988, p. 33; andv. | list the various primary industries associ- 
237, No. 1, Jan. 1, 1990, p. 39. ated with synthetic sodium sulfate. 

Canada 

7 The owner of Saskatchewan Miner- 

als, Kam-Kotia Mines Ltd., terminated 
TABLE 6 its relationship with its U.S. distributor. 

U.S. IMPORTS FOR CONSUMPTION OF SODIUM SULFATE Low prices and the strength of the 
Canadian dollar were cited as reasons 

(Thousand short tons and thousand dollars) for the decision. 

Disodium sulfate, Disodium sulfate, Total? Mexico — | 
Year salt cake! ? other * Industrias Penoles S.A. de C.V., 

Quantity Value* - Quantity Value* Quantity Value** | Mexico’s largest producer of natural 

1985 40 2,549 155 11,943 195 14,492 | sodium sulfate, negotiated with Nepras 

1986 32 1,885 156 11,944 188 13,829 | Of Tulsa, OK, which will act as import 
1987 37 2,189 ®&2©1101 ©8173 ©4138 ~©}© 10,363 | agent for the Mexican firm. Imports 
1988 30 "1930 120. 10034 ° «©5150 41,962 from Mexico may increase to displace 
1999  #«4+45. 43,35 4845. 400,641. ° 4190. 13,990 the amount of supplies lost due to the 
Re <n | Closure of Avtex in 1989. 

| Beginning in 1989, import data were reclassified under the Harmonized Tariff System. Salt cake is HTS No. 2833111000. In prior years, 

Dtncludes Glauber’s salt a6 follows: 1985--none: 1986—38 tons ($9,175); 1987—666 tons ($38,318); and 1988—604 tons ($16,963). | auwiwTmne!!TT 
TSUSA No. was 4214600. , OUTLOOK 

3 Harmonized Tariff System No. 2833115000 beginning in 1989; TSUSA No. 4214400 for prior years. TT 
4C.i.f. value at U.S. port. 

> Data may not add to totals shown because of independent rounding. Pro du cti on an d consum pti on o f so- 

Source: Bureau of the Census. dium sulfate have decreased about 42% 
since 1970. This represents an annual 
rate of decline of about 2.7% per year. 
These declines are attributed to changes 

TABLE 7 in the recovery operations of consum- 

ing industries mandated by environ- 
U.S. EXPORTS OF SODIUM SULFATE mental legislation requiring reductions 

(Thousand short tons and thousand dollars) in sulfate EMISSIONS ° Although produc- 
tion has been relatively flat since about 

SS? MAMMA FS Ss«1982, domestic consumption of sodium 

Disodium sulfate, Disodium sulfate, Total? sulfate is rising slightly but is not ex- 
Year salt cake other : . 

eee ee ——___—. | pected to grow appreciably in the next 
__ Quantity _Value" Quantity Value” Quantity Value* | ceveral years. Less expensive imports 
Pes 0H BIB 80838 1899 | from neighboring countries will con- 
1986 106 8,218 5 1,965 111 10,183 | tinue to serve a part of the needs of the 
1987 106 8,882 16 1,672 122 10,554 | domestic detergent and pulp and paper 
1988 68 5,128 16 3,609 85 8,737 | industries. 
1989 67 5,409 2 832 68 6,241 

' Prior to 1989, salt cake was Schedule B No. 4214200. In 1989, it was reclassified under the Harmonized Tariff System as HTS No. D etergents 

> Prion to 1989 other sodium sulfate was Schedule B No. 4214500. In 1989, it is listed as HTS No. 2833115000 Sodium sulfate consumption is re- 

3 Data may not add to totals shown because of independent rounding. . lated to the changes In detergent formu- 
*C.i.f. value at US. port. lation by the various manufacturers. 
Source: Bureau of the Census. The increased use of sodium sulfate as 
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TABLE 8 

SODIUM SULFATE: WORLD PRODUCTION, BY COUNTRY’ a filler appears to have peaked in 1989. 

: j roducers -apparentl 
| (Thousand short tons) | Major detergent P Pparently 

were reformulating to make concen- / 

OP trated detergent products rather than 

— Country? 98S 1986 1987 1988" 1989" || the traditional large boxes filled with 
Natural: bulk detergents containing up to 20% 

Argentina 23 35 30 17 16 | sodium sulfate as filler. Although a new 
Canada‘° 3403 409 377 342 350 | powdered detergent plant was under 

Chile* 1 5 14 18 15 | construction in Cartersville, GA, the 

China® > 10 15 20 30 30 future outlook for increased sales of 

Egypt a 74 41 47 e47 47 | sodium sulfate in detergents 1s not op- 

“Tan®é 3 14 4 14 14 | timistic. In addition, liquid laundry 

“Meicoe® SO 434 502 506 A 500 detergents, which do not contain any 

a sodium sulfate, make up about 40% of 
Netherlands * 20 20 24 24 24 . 
South Africa Reubli of | ; , , _. | the home laundry market. Because of 

_South Africa, Republic of C) © a () | the loss of 85,000 tons of production 
Spain 530 497 524 496 496 | capacity in 1989, domestic supplies of 
Turkey 120 161 ©165 165 165 | natural and synthetic sodium sulfate 

US.S.R.°° 385 380 400 413 400 | are not sufficient to meet demand re- 
United States (sold by producers) 389 396 382 398 3375 | quirements; therefore, imports of anhy- 

Total 2,402 2,456 2,503 2,438 2,432 | drous sodium sulfate for detergent use 

Synthetic: — — ~— ~ ~~ | will continue in the future unless new 

Austria® 55 61 120 130 132 | domestic production capacity Is 

Belgium? —s—~—sS~SséiT 292 287 281 281 | brought Ons o proven pak ane 
Brazil ° 10 10 10 10 10 operanions sucn aS UZark S prowniile 

Chile? "57 "60 53 70 72 | P ~ 
Finland * 39 39 39 39 39 Pulp and Paper 

_Frances 138 12] 127 170 71 Because of environmental concerns re- 
German Democratic Republic 190 200 197 198 190 garding sulfur emissions, many Kraft 

Germany, Federal Republic of 153 180 181 *185 190 | pulpers are installing pollution control 

Greece® r10 r9 8 8 8 | equipment to reduce sulfur losses in the 

Hungary° 11 10 10 10 10 | pulping process. This may adversely af- 

Italy® | 88 83 88 140 145 | fect the demand for sodium sulfate in the 

Japan 305 2719 281 272 295 | near future. The use of sodium chlorate 

Netherlands° 47 17 17 17 17 | and ydrogen peroxide as 1 pulp pean 
Pakistan® i 1 1 i 1 Ing cnemic may urther lessen the de- 

TT mand for sodium sulfate because the 
Portugal 55 57 61 60 61 ‘elds b d di If 

er 165 165 182 182 182 PIOcess yie S YPrO uct sodium su ate 

a in the pulp liquor.® These losses in so- 
_Sweden® 110 110 110 110 110 | dium sulfate consumption may be par- 

_ Turkeys 25 30 30 30 30 | tially offset with possible gains in sodium 

U.S.S.R.°* "285 *285 "285 "295 295 | sulfate sales if caustic soda prices con- 

United Kingdom® 100 100 100 100 100 | tinue to increase, as many industy ana- 

United States!!! — 422 445 432 390 3402 | lysts forecast. 

Yugoslavia 45 47 41 46 44 

Total 2,568 "2,601 2,660 2,744 2,785 

Grand total "4,970 "5,057 5,163 5,182 5,217 | oO 

“Estimated. Preliminary. ‘ Revised. BACKGROUND 

| Table includes data available through Apr. 18, 1990. Te 
2In addition to the countries listed, China, Norway, Poland, Romania, and Switzerland are known or are assumed to have produced 

synthetic sodium sulfate, and other unlisted countries may have produced this commodity, but production figures are not reported, and ° 

general information is not adequate for the formulation of reliable estimates of output levels. Natur al sodium sulfate reportedly 

3 Reported figure. was known to have been used as a 
4 Natural mine output, excluding byproduct output from the nitrate industry, which is reported separately under “Synthetic” in this table. medicine as early as the 16th century. 

> Byproduct sodium sulfate is known to be recovered but reliable data are not available; not included under “Synthetic.” . l d ib d . 

© Series reflects output reported by Industrias Penoles S.A. de C.V., Mexico’s principal producer, plus an additional 30,000 metric tons It was first accurate y escribe in 

(estimated) by a smaller producer. 1658 by Johann Rudolf Glauber, a 

Less than 1/2 unit. 
. . . 

8 Conjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. German chemist whose name 1s still 

° Byproduct of nitrate industry. associated with the hydrated crystal, 

'0 Quantities of synthetic sodium sulfate credited to Spain are reported in official sources in such a way as to indicate that they are in Glauber’s salt (Na,SO 4°10H,O) ; and 

addition to the quantities reported as mined (listed under “Natural” in this table), but some duplication may exist. : 

!! Derived approximate figures; data presented are the difference between reported total sodium sulfate production (natural and synthetic the anhydrous mixed sulfate, Glauber- 

not differentiated) and reported natural sodium sulfate sold by producers (reported under “Natural” in this table). ite (Na SO,°*CaSO ). 20U4 4 
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Glauber and other researchers pre- TABLE 9 

pared sce uate by reacne com- WORLD SODIUM SULFATE ANNUAL PRODUCTION CAPACITY, ' 
mon salt with sulfuric acid. The inven- 
tion of the Kraft process for making DECEMBER 31, 1989 
pulp and paper in 1880 provided the : (Thousand short tons) 
first major industrial market for so- , 

dium sulfate. Natural Synthetic Total 

North America: 

Definitions, Grades, and Canada sti (‘séOC!O!O!O!~;! 538 28 566 
Specifications "Mexico 510 5 515 

The following terms are used in the | “\jiteastates 2 2 =) Ot=CS«STFM 2445 477 922 

sodium sulfate industry: toal 7,493 S10 2,003 

Anhydrous Sodium Sulfate.—Refined | S°uthAmemica: 
sodium sulfate or the mineral thenardite | _Avsemtma_ 18 : NA 18 

(Na,SO,). Named for the French chem- Bra _ 10 10 

ist, Louis Jacques Thenard, thenardite is | _ Chile‘ 70 _ __70 
a colorless to white mineral with a spe- Total 88 10 __ 98 

cific gravity of 2.67 and a hardness of 2.5 | Europe, Western: 
to 3. Because of its whiteness and purity, Austria® — 130 130 
it is used in detergents, pharmaceuticals, Belgium® | _— 3350 2350 

dyestuffs, glass, and ceramic glazes. | Finlande _ 39 39 

Commercial grade material has a bulk “Frncee””O™~C—tCS _ 180 180 

density of about 77 pounds per cubic Germany, Federal Republicof _ 20 50 

foot. Greece° — 8 8 

Glauber’s Salt.—Same as the mineral | —H@ly_- 140 140 

mirabilite (Latin “sal mirabile’ or “won- | _Netherlands® 2A 17 41 
derful salt”), sodium sulfate decahydrate | _ Portugal — 65 65 
(Na,SO,°10H,O). The mineral contains Spain 615 100 715 

55.9% water of crystallization and forms Sweden — 138 138 

opaque to colorless needlelike crystals. Turkey 160 33 193 

United Kingdom — 110 110 

High Purity—Refers to anhydrous |” qoatssti(i‘iéOC;O*;~™S 799° ~ 1,530 | 2,329 
sodium sulfate with a purity of 99% or Europe, Eastern: —= ——= — 
greater. Usually sold to detergent, ~ German Democratic Republic. _ 165 165 

glass, and textile industries. “Hungaye  SOtC=CSst=‘“‘sSsSsSS _ 10 10 

Low Purity.—Some processes occa- USS RE 104 176 880 

sionally produce sodium sulfate that | _Yusoslavia, _ 4 __45 
does not meet certain physical or color Total 704 396 _ 1,100 
specifications required by certain con- | Asia: 

sumers despite being a chemically pure China 55 NA 55 

product. This grade of sodium sulfate Iran® 20 — 20 
is generally sold to sectors that are Japan _ 300 300 

not as concerned about whiteness or | paisan 8 © _ 1 1 

particle size, such as the pulp and |" jiasststé<‘(‘é‘(CUt;#;‘zSOSCS~™S 75 30], 376 

paper industry, at reduced prices. Africas — —= = 

Salt Cake.—Normally refers to im- _Eeypt *0 7 °° 
pure sodium sulfate containing 90% to | —South Africa, Republic of > —— _> 
99% Na,SO,. Because of its impurity or | Tol oe __ _>> 
possible discoloration, it usually is sold World total 3,214 2,747 5,961 
only to the pulp and paper industry. “Estimated. NA Not available, although production and recovery are known to occur. — : . 

S O diu m sulfat e ma d e fr om natur al ' Includes capacity at operating plants as well as at plants on standby basis. Production capacities of sodium sulfate are based on 

processing of solid minerals or sodium sulfate-bearing brines. Synthetic (byproduct) sodium sulfate capacities can fluctuate depending 

brine usually contains less than 0.5% on the production capabilities of the primary industry (e.g., ascorbic acid, boric acid, cellulose, chromium chemicals, lithium carbonate, 

total impurities, but that produced asa nena paren i ae an and the sulfate recovery rates. 

byproduct of other manufacturing may 2 The Tessenderloo hydrochloric acid plant reportedly has 1 million tons of byproduct sodium sulfate capacity, most of which is diverted 

contain much larger quantities. The | to potassium sulfate production. About 300,000 tons of sodium sulfate routinely can be recovered. 

material meeting U.S. Pharmacopeia 
(U.S.P.) specifications and that in- 
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tended for glassmaking must contain at | would be mirabilite, also known as TABLE 10 
least 99% sodium sulfate. In addition, | Glauber’s salt, which is a hydrous form WORLD NATURAL SODIUM 
glassmakers’ grade must be low in iron | of sodium sulfate that has very poor SULFATE RESERVES AND 
and heavy metals. Technical grades of | solubility at low temperatures. During RESERVE BASE | 
sodium sulfate may have from 2% to | seasonal temperature variations, the sul- 
6% impurities. Purchases of detergent | fate will precipitate preferentially to the | _- (Million short tons) 
or rayon-grade sodium sulfate are | lake bottom. 
based primarily on whiteness. Its salt Thenardite and mirabilite are the Reserves Reserve 

content may be between 1.5% and | only sodium sulfate minerals that are| = —“‘C;W! Ce 
2.0%, and its iron content between 60 | commercially important. Many eco- | North America: 500 
and 100 parts per million. nomic deposits of sodium sulfate arein | Canada| 92 300 

the form of crystalline beds of mirabi- Mexico 182 250 
Industry Structure lite such as those found in Canada and | United States 945 1,500 

Naturally derived sodium sulfate | the U.S.S.R., which has the world’s | qoans—=<“<—t*~*té‘;~*d;«CIS "2,050 
produced by three companies operating | largest sodium sulfate resource in the Europe: =— 
a total of three plants in California, | Kara-Bogaz-Gol Gulf. Because mirabi- Span 200 300 

| Texas, and Utah supplied about one- | lite converts to thenardite when ex- a 
half of the total output of domestic | posed to air, the outer surface may USSR _ 2,000 2,500 
sodium sulfate. Because of the location | develop a thenardite crust. Some buried __Total 2,200 2,800 
of these plants, most natural sodium | sedimentary formations contain very | 4ffica 
sulfate is marketed in the West and | large deposits of thenardite and glaub- | _ Botswana 2007 250 
southern Gulf areas. Byproduct mate- | erite, such as the deposit in Villarrubia World total 73,600 5,100 
rial was supplied by 15 companies op- | de Santiago in Spain. 'The reserve base includes demonstrated resources that are cur- 

erating 16 plants in the Midwest and Sodium sulfate also can be found dis- | "ly economic (reserves), marginally economic (marginal 
. : . . . . . reserves), and some of those that are currently subeconomic 

Mid-Atlantic regions. Total rated pro- | solved in underground brines in Califor- | (subeconomic resources). These definitions of reserves and reserve 
duction capacity in 1989 was 922,000 | nia, Texas, and other parts of the world. | base are published in U.S. Geological Survey Circular 831, 
tons, and the industry operated at 84% | The sulfate is usually converted to mira- 2 Data do not add to total chown because of independent ancy 
of this capacity. bilite when extracted fr om the brine by NOTE.—Resources of sodium sulfate are known to also exist in 

mechanical refr igeration techniques. Antarctica, Argentina, Chile, India, Iran, Italy, Mongolia, Ro-— 

Geology-Resources mania, the Republic of South Africa, and Turkey. Production of 

Sodium is the sixth most abundant | Technology of the primary product,  @ependeny on the Supply and’ demand 
element in the Earth’s crust. Sodium The technology to mine and process 
sulfate-bearing mineral deposits are | natural sodium sulfate involves me- 
geologically young, mainly of post- | chanical refrigeration or natural chill- Mining.—Sodium sulfate is extracted 
glacial age. Sodium sulfate is wide- | ing to induce crystallization followed | from the upper level of the Searles Lake 
spread in occurrence and is a common | by dissolution, filtration, evaporation, | brine in California and is treated sepa- 
component of seawater and many sa- | and drying. Recovery of byproduct so- | rately from the carbonate-rich lower level 
line or alkaline lakes. Economic re- | dium sulfate from various chemical | and mixed layer brines. The subterranean 
serves of natural sodium sulfate are | processes involves various techniques. | sodium sulfate-bearing brines in western 
estimated at 3.6 billion tons worldwide. 
With world production of natural so- 
dium sulfate averaging nearly 3 million | TABLE 11 
tons per year, supplies are sufficient to 

meet anticipated demand for several SODIUM SULFATE-BEARING MINERALS 
centuries. The quantity of synthetic 

sodium sulfate is dependent on the Mineral Compositio Percent 
longevity of the industry recovering pose Na,SO, 
byproduct sulfate. Thenardite (anhydrous) ! 2Na,SO, 100 

Hanksite 2Na,CO,"9Na,SO,°KCI 81.7 
Origin.—Surface depressions or lakes | suiphohalite 2Na,SO,*NaCl 73.9 

that have no outlets and are fed by spring | Giauberite ++\NaSQ,CaSOQ, Side 
waters flowing over volcanic rocks CON- | Toeweite ~~~ + +2Na,SOe2MgSO,5H,O  ~—~—«46.3- 
taining sulfide minerals often yield solu- | 2 IJTHWV—XY|Y[____ 

ea Ferronatrite 3Na,0,°Fe,(SO,);°6H,O 45.6 
ble sulfide salts that are oxidized by | ——H~ x43 
contact with the air to produce sulfates. Mirabilite (Glauber's salt) 0 NaSOg OHO 
Some minerals over which the spring Bloedite CN SOgrMSOQ4HQ0 0 
water may flow contain the sulfates di- | Tychite NCO g°2MgCO3°NaeSO, 4S 
rectly, such as bentonite or gypsum. | Aphthitalite (Na,K),SO, 21-38 
When an inland: lake of this type evapo- | Tamarugite Na,SO,°Al,(SO,)3*12H,O 20.3 
rates and becomes highly concentrated in | Mendozite | Na,SO,°Al,(SO,)3°24H,O 15.5 

salts, one of the first salts to precipitate 'Salt cake is anhydrous sodium sulfate with a purity lower than 98%. 
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Texas are the simplest of the domestic | nace, salt and sulfuric acid are reacted | tracts, discounts, and export divided by 
brine deposits. Mechanical'refrigeration | to form hydrogen chloride (HCI) and | the aggregated quantity of sodium sul- 
is used to extract Glauber’s salt crystals | sodium sulfate. The Hargreaves fur- | fate sold. The published value does not 
from the brine. The Great Salt Lake in | nace produces HCl and sodium sulfate | necessarily correspond to the posted list 
Utah also contains valuable quantities of | by the reaction of sulfur dioxide, so- | price. 
sodium sulfate. Brine from the most | dium chloride, air, and water. The 
concentrated northwest segment of the | Mannheim process is the major method Tariffs.—Import tariffs serve to pro- 
lake is pumped into solar evaporation | used in Europe, but its use in the United | tect the interests of domestic producers 
ponds on the eastern shore of the lake | States has decreased considerably since | for particular products. For sodium 
where sodium chloride first precipitates | less expensive methods to produce HCI | sulfate, a 32.5 cents per ton tariff is | 
as the water evaporates. Sodium sulfate | became available. imposed on imported anhydrous so- 
crystals precipitate in a fairly pure state dium sulfate from countries having 
when winter weather cools the brine to Recycling.—Because of environmen- | most favored nation (MFN) status and 
30° to 40° F. The crystals are picked up | tal concerns regarding sulfur emissions | $2.95 per ton from those with non- 
by large earth-moving machinery and | from pulp and paper mills, many Kraft | MFN status. There are no import tar- 
stored outdoors until further processing | pulpers were installing pollution abate- | iffs on imported salt cake, regardless of 
to anhydrous sodium sulfate can take | ment equipment to reduce sulfur losses | the country of origin. 
place. in the pulping process. This will result in 

more sodium sulfate being recycled and Royalties. —Sodium sulfate mined on 
Beneficiation.—At Searles Lake, the | less used in batch makeup solutions. Federal lands is subject to the Mineral 

brine is first cooled at about 60° F to Leasing Act of 1920, which provides for 
precipitate borax crystals, which are re- | Byproducts and Coproducts royalty payments to the United States 
moved from the system for subsequent The brines of Searles Lake in Cali- 
further processing for sale. A second | fornia contain sodium sulfate as well as 

cooling to about 40° F precipitates the | coproduct borax, potassium chloride, TABLE 12 
sodium sulfate in the form of Glauber’s | sodium chloride, and soda ash. The 1 
salt. These crystals are separated from | Great Salt Lake in Utah is a source of TIME-VALUE RELATIONSHIPS 
the rest of the brine on a rotating drum | magnesium compounds, potassium FOR SODIUM SULFATE 
filter. They are then redissolved in fresh | sulfate, sodium chloride, as well as 
water in a vacuum evaporator. After the | sodium sulfate. The brines in Texas do Average annual value, 
second separation and drying, the crys- | not yield any secondary products. _ dollars per ton 
tals are about 98.2% sodium sulfate. Manufacturers of ascorbic acid, boric | Year Natural sodium sulfate 
Additional treatment can obtain a 99.3% | acid, cellulose, chromium chemicals, Actual Based on constant 

purity. Major impurities remaining are | lithium carbonate, rayon, resorcinol, and value 1989 dollars* 
sodium chloride, sodium carbonate, and | silica pigments produce sodium sulfate as | 1970 18.28 54.97 
boron. a byproduct of the process. The sodium | 1971 16.00 45.51 

In Texas, after the crystals are proc- | sulfate is considered a waste product but | 1972 16.26 44.16 
essed in rotary drum vacuum filters and | has marketability. 1973 17.26 44.04 
washed, they are melted and dehy- 1974 422399 #5611. 
drated using mechanical vapor recom- | Economic Factors 1975. ~-«44i4«48SSOCtCSCSCS BS 
pression evaporators, which are more 197649950 
energy efficient than triple effect evap- Prices.—Producers of natural so- 1977.46.09 SO 
orators or submerged gas burners. Fi- | dium sulfate tend to market and sell | ——————7—____"_"_ ">" —— 
nal classifying, centrifuging, drying in | their own product, but synthetic pro- We 46.06 80ST 
rotary kilns, and screening converts the | ducers use major chemical distributors. | 1979 = 55-69 89.49 
Glauber’s salt to marketable anhydrous | The principal product made and sold | 1980 62.42 91.99 
sodium sulfate of 99.7% purity. by the synthetic sodium sulfate pro- | 1981 71.03 95.44 

Purification and dehydration proce- | ducer is the primary economic factor. | 1982 83.00 104.83 
dures at the facility on the Great Salt | Because the sodium sulfate is a waste | 1983 93.30 113.41 
Lake are similar to those of other so- | product, it will be sold at whatever | j994 92.16 108.08 
dium sulfate plants. The final product | price in order to dispose of it. This | j985. 9219. ~»404,.99. 
results in a purity between 99.5% to | practice tends to set the rates at which 1986 8611.  4O557 
99.7%. the natural product can be sold. 1987. 86.72... «93299 

Sodium sulfate is also produced as a The list prices quoted in trade jour- 19888810 
byproduct of the production of ascor- | nals or by producers of all grades of | ————————__- EE 
bic acid, boric acid, cellulose, chro- | sodium sulfate differ from the annual | 128? 83-05 83.05 
mium chemicals, lithium carbonate, | average values reported by the Bureau | |3#%4 0 the average valuation by producers of their annual : eee . . total production and reported sales. The values incorporate the 
rayon, resorcinol, and silica pigments. | of Mines. The value represents the | price differences charged by producers for the same finished 
The Mannheim and Hargreaves fur- | combined amount of total revenue of product sold in bulk at the plant. seftators § onal 
nace processes also produce byproduct domestic natural sodium sulfate sold at aroduct, by the Council cr Eecnomic Adviser. Baced om 
sodium sulfate. In the Mannheim fur- | list prices, spot prices, long-term con- | 1982-100. 
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Government. The royalty is 5% of the | for land acquisition may increase operat- Energy Requirements.—The energy 
quantity or gross value of the output of | ing costs. Disposal of the waste liquors | requirements to mine natural sodium 
the product at the point of shipment to | from which sodium sulfate was extracted | sulfate are minimal compared with the 
market. Each Federal lease also has other | may develop into a major ground water | amount of energy required to process 

costs, such as bonds, acreage rental fees, | discharge problem in some areas. Rein- | it. An early Bureau of Mines energy 
sodium prospecting permit application | jection of spent solutions into under- | survey reported that 4.5 million British 
fees, and permit bonds. The Searles Lake | ground source strata is expensive but | thermal units (Btu’s) were required to 
sodium sulfate deposit is the only re- | often is the only acceptable method of | produce 1 ton of natural sodium sul- 
source that has any Federal leases. Be- | disposal. fate. With the interest in conserving 
cause of the variety of the brine constit- | Because sodium sulfate is water- | energy, some technical improvements, 
uents, the operator has a commingling | soluble, most releases of sodium sulfate | such as the installation of mechanical 
agreement with the U.S. Government to | to the environment affect water quality | vapor recompression crystallizers, have 
compute royalties. rather than air or land quality. These | reduced the overall energy requirement 

releases are mainly from Kraft pulp | to slightly less than 2 million Btu’s per 
Depletion Provisions.—Legislation | mills, which typically discharge be- | ton of sulfate produced. 

passed by the U.S. Government pro- | tween 11 to 33 million pounds of so- | 
vides an allowance for the depletion of | dium sulfate per year per site. The Transportation.—All natural sodium 
natural resources, notably timber and | resulting drinking water concentrations | sulfate is shipped in bulk or in bags by 
minerals. The depletion allowance is an | have been estimated as high as 38.8 | rail or truck. The method of transpor- 
important inducement for companies | milligrams per liter, which is signifi- | tation depends on the location of the 
willing to accept the risk and high cost | cantly below the maximum concentra- | customer, quantity purchased, and dif- 
of mining development. The concept of | tion level of 250 milligram per liter set | ference in freight rates. Due to the 
depletion allowances for minerals is | by the National Secondary Drinking | location of the natural producers in the 
similar to the depreciation of other | Water Standard. West and Southwest, very little natural 
assets. Although cost depletion and Problems associated with chemical | sodium sulfate is shipped to the East 
percentage depletion are two methods | effluents discharged from manufactur- | because transportation rates reduce the 
used to compute depletion deductions, | ing plants that recover sodium sulfate | competitiveness between the two types 
most companies prefer to use the latter. | have also caused environmental con- | of sodium sulfate. Consumers in the 
About 100 mineral categories are enti- | cerns not attributed to sodium sulfate. | Midwest and East tend to rely on syn- 
tled to percentage depletion. The rates | The second largest byproduct sodium | thetic sodium sulfate produced in vari- 
range between 5% and 22% of the | sulfate facility in the United States at | ous Midwest and Southern locations. 

gross income from the mineral prop- | Front Royal, VA, owned by Avtex Fibers 
erty, depending on the mineral and | Inc., was closed in late 1989 by Federal | its. Department of Commerce. U.S. Industrial 
location (foreign or domestic), and are | and State regulatory agencies because of | outlook 1990. Paper and Allied Products, p. 10-3— 
subject to a limitation of 50% of the | contaminated water discharges contain- | 10-4. 

net income of the property. The min- | ing carbon disulfide and polychlorinated Chemical Marketing Reporter. Avtex Fined Record 

eral depletion allowance for natural | biphenyls (PCB’s). These toxic chemicals | Amount by a Judge in Richmond, VA. V. 236, No. 22, 
sodium sulfate is 14% for U.S. compa- | were produced from rayon manufacture, | “° ae 1989) P. > 

: oe : : : ardin County Independent. No Big Changes at 

nies mining from domestic or foreign | not sodium sulfate recovery. Ozark-Mahoning Anticipated Because of Reorganiza- 

sources. tion. Dec. 7, 1989, p. 2. 

Toxicity.—Sodium sulfate was de- 4 Chemical Week. Soap and Detergents. V. 144, No. 3, 

Operating Factors leted in early 1989 from the list of toxic | PP. 24-44. 
Operating factors are different for | chemicals under section 313 of Title III | _ “Chemical Marketing Reporter. Sodium Sulfate Hit 

. . . By Detergent Switch. V. 236, No. 24, Dec. 11, 1989, p. 
mining companies producing natural | of the Superfund Amendments and | , 

sodium sulfate compared with manu- | Reauthorization Act of 1986. The U.S. 6 Saltcake Improving Today, But Future Looks Uncer- 

facturing facilities recovering byprod- | Environmental Protection Agency de- | tain. Vv. 236, No. 7, Aug. 14, 1989, p. 26. 

uct sodium sulfate. The quantity of | termined that there was no evidence ’Federal Register. U.S. Environmental Protection 

synthetic sodium sulfate recovered is | that sodium sulfate caused, or could | Agency. Sodium Sulfate: Toxic Chemical Release Re- 

directly associated with the production | reasonably be anticipated to cause, ad- Bee ay gn to-KnON V. 54, No. 32, Feb. 
capabilities of the primary industry | verse human health or environmental ee BPs 

(e.g., rayon, lithium carbonate, etc.) | effects as specified in the act.’ 
and the sulfate recovery rates. OTHER SOURCES OF INFORMATION 

Environmental Requirements.—Land Employment.— According to the Bu- | Bureau of Mines Publications 

usage may become a problem when so- | reau of Labor Statistics and industry Soda Ash and Sodium Sulfate. Ch. in 

dium sulfate is obtained by solar evapo- | sources, approximately 300 persons are Minerals Yearbook, annual. 

ration, as in the case of the Great Salt | employed in mining and processing nat- Sodium Sulfate in Mineral Industry 

Lake brines. Large areas of relatively flat | ural sodium sulfate in the United Surveys, monthly. 

land are required to allow for adequate | States. No data are available on the Sodium Sulfate in Mineral Commodity 

concentration and evaporation. When | number of personnel employed in re- Summaries, annual. 

land values are high, the capital required | covering byproduct sodium sulfate. Soda Ash and Sodium Sulfate. Ch. in 
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1985 Mineral Facts and Problems, 

Quinquennial. | | 

Other Sources | 

Sodium Sulfate in Mining Engineering, ! 

annual commodity review. | 

Sodium Sulfate in Ceramic Bulletin, | 

annual commodity review. 
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By Valentin V. Tepordei 

Mr. Tepordei, a geological engineer with more than 20 years industry experience, has been the crushed stone commodity 
specialist with the Bureau of Mines since 1981. Domestic survey data were prepared by the crushed and broken stone survey 
staff of the Branch of Data Collection and Coordination. | 

total of 1.2 billion short tons of | a new quarterly sample survey for crush- | OOOO UW 
crushed stone was produced in | ed stone and sand and gravel was im- | LEGISLATION AND 
the United States in 1989, a | plemented by the Bureau of Mines in 1989 | GOVERNMENT PROGRAMS 
2.8% decrease compared with | that provides for the first-time production | ————————- 

the estimated 1988 total. This tonnage } estimates by quarters for each State, and | 
represents the third consecutive year of | the nine geographic regions. The results of On January 13, 1989, OSHA announced 
production over 1.2 billion tons, indicating | this survey are published each quarter in | the final promulgation of exposure limits 
a continuation of the strong demand for | a separate publication, the Quarterly | for 400 air contaminants, establishing a 
construction aggregates. About three- | Mineral Industry Survey. Both sample | permissible exposure limit (PEL) of 0.1 
quarters of the crushed stone production | surveys canvass most of the large com- | milligram per cubic meter for crystalline 
continued to be limestone and dolomite, | panies in each State, accounting for up to | silica, measured as respirable silica.! 
followed by granite, traprock, sandstone | 80% of the State’s total tonnage. Despite this ruling, some statements in the 
and quartzite, miscellaneous stone, marble, Of the 4,862 crushed stone operations | preamble indicate that OSHA may recon- 
shell, calcareous marl, volcanic cinder and | surveyed, 3,416 were active. Of these, 2,901 | sider in the future the need to lower the 
scoria, and slate, in order of volume. or 84.9% reported to the Bureau of Mines | standard, based on “emerging develop- | _ 

Foreign trade of crushed stone remain- | survey, and their total production | ments in this area.” 
ed relatively minor. Exports increased 7.1% | represented 92.8% of the total U.S. crush- On August 29, 1989, the Mine Safety and 
to 3.9 million tons, while value decreased | ed stone output. The nonrespondents’ pro- | Health Administration (MSHA), published 
23.2% to $23.3 million. Imports of crush- | duction was estimated using adjusted pro- | a new proposed rule that revises MSHA’s 
ed stone, including calcium carbonate, in- | duction reports and/or employment data of | existing standards for air quality and chem- 
creased 20.9% to 4.4 million tons, while | prior years. Of the 2,901 reporting opera- | ical substances at coal and metal-nonmetal 
the value increased 119.6% to $36.9 million. | tions, 839 did not report a breakdown by | mines. The proposed rule contains per- 
Domestic apparent consumption of crush- | end use. Their production represented | missible exposure limits for substances that 
ed stone was 1.2 billion tons. 27.5% of the U.S. total and is included in | may pose health hazards at these opera- 

The new regulatory requirements being | table 13 under “Unspecified uses, actual.’”’ | tions. In addition, the proposed rule con- 
proposed by the Occupational Safety and | The estimated production of 515 operations | tains revised requirements for exposure 
Health Administration (OSHA) constitute | represented 7.2% of the U.S. total. A total | monitoring, carcinogens, and respiratory 
major areas of concern for the crushed | of 1,446 quarries was either idle or pre- | protection programs. The original deadline 
stone industry. They include the revised | sumed to have closed down because no | for receiving comments about the propos- 
asbestos standards governing occupational | information was available to estimate their | ed ruling was November 27, 1989, and was 
exposure to nonasbestiform varieties of ac- | production. extended later to March 2, 19902 
tinolite, tremolite, and anthophyllite 
minerals, and the final promulgation of the 
permissible exposure limit for crystalline 
silica, measured as respirable silica. 

TABLE 1 

DOMESTIC DATA COVERAGE SALIENT U.S. CRUSHED STONE STATISTICS 
a (Thousand short tons and thousand dollars) 

Domestic production data for crushed | 1985 1986 1987 1988 1989 
stone are developed by the Bureau of Mines | solid or used by producers) i tt (i‘:;O!O!OOOO! 

from voluntary surveys of U.S. producers. | “Quantity! ——=====—=——«*1, 000,800 “1,023,200 1,200,100 _°1,247,800 1,213,400 
Full surveys of crushed stone producers are | “Vaiuer ~*~ 053,000_*84,255,000_ $5,248,600 *55,558,000 $5,325,800 
conducted fOr odd-numbered yeats Only. | Exports (value) =~ «(8369S $26,063 $30,413 $23,345 
For even-numbered years, a preliminary | J 
survey that collects production information Imports for consumption (value? __$11,640__—$12,451_ $14,024 __—$16,789__ $36,870 

on a sample basis is used to generate only ‘Darme include American Samoa, Guam, Puerto Rico, and the U.S. Virgin Islands. 
annual estimates for each State. In addition, | 2Exctudes precipitated calcium carbonate. 
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On July 21, 1989, OSHA announced | regulated at all, given that no discernible | marble, shell, calcareous marl, volcanic 
another extension through November 30, | net benefits will result.” The study has also | cinder and scoria, and slate. 
1990, of the stay for the new provisions of | “identified a basic inconsistency between A comparison of the four major 
its revised asbestos standards governing oc- | OSHA’s definition of asbestos and its | geographic regions indicates that, in 1989, - 
cupational exposure to nonasbestiform | asbestos standard” and found that “the | the South continued to lead the Nation in 
varieties of actinolite, tremolite, and an- | regulation will result in economic impacts | the production of crushed stone with 577 
thophyllite (AT&A) minerals. The revised | on several mineral industry sectors.” million tons, or 47.5%, of the total, follow- 
asbestos exposure standards were originally “The economic impact of the OSHA | ed by the Midwest with 324 million tons 
published by OSHA on June 20, 1986. The | regulation is expected to be greatest on the | or 26.7%, and the Northeast with 185 
former asbestos standard remains in effect | aggregates industry. Because of product | million tons or 15.2%. 
for the extent of the stay. Based on OSHA's | liability considerations, it is expected that Approximately 74% of the total U.S. 

_| Hazard Communication Standard, a pro- | preliminary deposit evaluation and deposit | crushed stone output was produced in- 
duct is considered carcinogenic if it con- | sampling of some kind would have to be | two major geographic regions, the South 
tains 0.1% or more of an OSHA-designated | done at about 1,325 quarries, or one-fourth | and the Midwest. Of the nine geographic 
carcinogen. The inclusion of nonasbestiform | of the crushed stone quarries in the United | regions, the South Atlantic led the Nation 
AT&A minerals in the asbestos exposure | States. It is estimated that about 780 quar- | in the production of crushed stone with 
standards effectively designates large areas | ries, or 15 percent of U.S. quarries, would | 316 millions tons or 26% of the U.S. total. 
of the United States as containing car- | need to conduct detailed testing. The an- | Next was the East North Central region 
cinogenic minerals. The revised OSHA | nualized cost of preliminary deposit evalua- | with 212 or 17.4% of the total, followed by 
regulations for airborne asbestos standards, | tion and deposit sampling of the 1,325 | the Middle Atlantic with 154 million tons 
if implemented, are expected to have a | quarries is estimated at $22 million.” | or 12.7%. , 
significant impact on the aggregates and the | Significantly, the Bureau analysis con- A comparison of the estimated 1988 and 
construction industries that could include | cludes that “the remaining 345 of the 780 | reported 1989 production data by regions 
increased mining and construction costs | quarries would be financially unable to af- | indicates that the output of crushed stone | - 
and disruption of the supply of aggregates | ford the cost of the required detailed testing | decreased in all regions except the East 
in most areas. because of their small size. These quarries, | North Central, East South Central, and the 

In 1989, MSHA established a new pro- | which produced an estimated 16.6 million | Pacific. The largest decreases were record- 
gram to combat illegal mining. The pro- | tons in 1987 valued at $72.5 million, f.o.b. | ed in New England, -17.3%, the Mountain, 
gram will be enforced through an Illegal | plant, could be forced to close. -15.1%, and the Middle Atlantic, -6.2%, 
Mining Task Force, as well as MSHA of- Sales losses in the aggregates industry | while the increases were significantly 
ficials at. the local level. MSHA considers | are possible and would be contingent on the | smaller and occurred in the Pacific, 3.2%, 
a mining site illegal when the operator fails | availability and cost of material that is | East South Central, 1.4%, and East North 
to register the site with the agency. essentially free of AT&A and the liability | Central, 08%. - 

concerns associated with using products Crushed stone was produced in every 
| containing AT&A.” In the concluding sec- | State except Delaware and North Dakota. 

ISSUES tion of the study, “it is recommended that | The 10 leading States in the production of 
—_— | OSHA not regulate AT&A as asbestos | crushed stone, in decreasing order of 

| unless medical data conclusively show that | volume, were Pennsylvania, Florida, Texas, 
On June 20, 1986, OSHA published a | these minerals present a health risk which | Virginia, Illinois, California, Tennessee, | 

final rule titled “Occupational Exposure to | would be reduced through regulations’; | Missouri, North Carolina, and Georgia. 
Asbestos, Tremolite, Anthophyllite, and | that ““OSHA should revise its asbestos and | Their combined production represented 
Actinolite; Final Rules.” The regulation, | fiber definitions, to make the two terms | 52.8% of the national total. 
which was amended in September 1988, | consistent from a mineralogical stand- Changes in ownership, acquisitions by 
established exposure limits for asbestos and | point”; and that “OSHA should specifical- | foreign or domestic companies, and 
nonasbestiform varieties of the amphibole | ly address the economic impact of its pro- | mergers continued in the crushed stone in- 
minerals AT&A. Under OSHA regulation, | posed regulation on the minerals industry | dustry in 1989. In January 1989, Lone Star 
all products containing a specified concen- | and weigh these costs against possible | Industries Inc. of Greenwich, CT, com- 
tration of these minerals must be labeled | benefits.” pleted the sale of its remaining 40% interest 
as having a constituent that is a carcinogen. in Tarmac-Lone Star joint venture to Tar- 
In an effort to assist OSHA in its decision | ————_ | mac. America of Herndon, VA, a division 
regarding implementation of the final | PRODUCTION of Tarmac PLC of Wolverhampton, United 
asbestos standard, the Bureau of Mines | —————————————————————— | Kingdom. The original joint venture was 
completed in August 1989 a study entitled established in 1986. The latest transaction 
“Analysis of the Cost Effectiveness of the Of the total 1.2 billion tons of crushed | included remaining interest in aggregates, 
OSHA Regulation of Nonasbestiform Am- | stone produced in the United States, 856 | cement, concrete, and concrete products 
phiboles with Respect to Selected Sectors | million tons or 71% was limestone and | operations in North Carolina, South 
of the Domestic Minerals Industry.’3 The | dolomite, 168 million tons or 14% was | Carolina, and Virginia. 
Bureau’s analysis questions “whether | granite, and 99 million tons or 8% was Pioneer Concrete of America of Bed- 
OSHA has conclusively demonstrated a | traprock. The remaining 7% was shared, | ford, TX, a subsidiary of Pioneer Interna- 
health risk associated with AT&A and, con- | in descending order of quantity, by sand- | tional Ltd. of St. Peters, Australia, acquired 
sequently, that these minerals should be | stone and quartzite, miscellaneous stone, | Fletcher Granite Co. Inc. of Chelmsford, 
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TABLE 2 

| CRUSHED STONE SOLD OR USED IN THE UNITED STATES, BY KIND 

1987 1989 

Kind Number Quantity Value Unit Number Quantity Value Unit 
of (thousand of (thousand 

. (thousands) value . (thousands) value 
quarries short tons) quarries _ Short tons) . 

Limestone! 2,496 792,448 $3,249,713 $4.10 2,533 806,644 $3,234,317 $4.01 

Dolomite 119 48,656 206,904 4.25 136 — 49,304 216,957 4.40 

Marble 51 5,576 62,335 11.18 63 12,222 137,481 11.25 

Calcareous marl 16 4,154 7,650 1.84 15 5,118 11,614 2.27 

Shell 19 8,402 51,028 6.07 18 6,923 34,794 5.03 

Granite 735 179,972 900,682 5.00 376 168,433 864,962 5.14 

Traprock 813 103,413 505,187 4.89 446 99,161 524,271 5.29 

Sandstone and 

quartzite 523 32,495 157,934 4.86 241 31,842 148,696 4.66 

Slate 10 2,330 14,258 6.12 7 2,088 12,926 6.19 

Volcanic cinder 

and scoria 359 3,657 14,952 4.09 118 3,630 20,206 5.57 

Miscellaneous 

stone 304 19,027 77,954 4.10 110 28,065 119,538 4.26 

Total? XX 1,200,100 5,248,600 4.37 XX 1,213,400 5,325,800 4.39 

XX Not applicable. 

NIncludes ‘‘Limestone/dolomite,’’ reported with no distinction between the two. 

2Data may not add to totals shown because of independent rounding. , 

FIGURE 1 MA. Fletcher operates six granite quarries 
in Maine, Massachusetts, and New 

PRODUCTION OF CRUSHED STONE IN THE UNITED STATES Hampshir e 

IN 1989, BY GEOGRAPHIC REGION - American Limestone Co. of Knoxville, 
| TN, a wholly owned subsidiary of 

i ive \ ASARCO Incorporated of New York, NY, 
; Pe ia , ena) acquired Porter Brown Limestone Co. and 

oh a)\@ Robco Materials Co. of Springfield, TN, : | 6 \ 30 poe “A a ™ Aba in and Acme Stone Inc. of Abingdon, VA. 
. | “~yw""—~"—~ West North Central Fo Mise, eRe Porter Brown operates two limestone quar- 

Pacitic«| RO _ | = _@ in - YY an “6: ries near Nashville, TN, while Acme Stone 
ie Tey a 113 \ Sle ral 154 un operates a limestone quarry near Knox- 
96 Mountain [eo ae East e \ WY AB ss oF ville, TN. 

| 32 | s | 2124 2 ean? First Chicago Corp. of Chicago, IL, ac- 
fe —. : Ky TE partic} quired Georgia Marble Co. of Atlanta, GA, 

r [Xs — OK r . ° . e 

: | x] a LE a major producer of high-grade calcium 
| L | ee ON at6 carbonate with operations in Alabama, 

~A. . . ° 

et | wee East Son ¥ Georgia, and South Carolina. Georgia 
. ; ‘LA 

No West South Central 34 aA. Marble Aggregates Corp. of Atlanta, GA, | 
) yp ue previously a division of Georgia Marble 

126 as ) Co., was acquired by Blue Circle Holdings 

* Includes Alaska and Hawaii i } Inc. of Marietta, GA, the U.S. subsidiary 
@ Production (million short tons) of Blue Circle Industries PLC of London, 

United Kingdom. Georgia Marble Ag- 
gregates operates seven crushed stone quar- 
ries near Atlanta, GA. 
Redland PLC of Gorby, United 

Kingdom, acquired through its subsidiary, 
Western-Mobile Inc. of Denver, CO, 
Flatiron Sand & Gravel Co. of Boulder, 
CO. The transaction included the assets of 
Flatiron Sand & Gravel, Flatiron Paving, 
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TABLE 3 Flatiron Premix Concrete, and Plains Ag- 

CRUSHED STONE! SOLD OR USED IN THE UNITED STATES, gregate Rediand se owns an ae 
BY REGION of Hunt Valley, MD, and Redland Worth 

(Thousand short tons and thousand dollars) Corp. of San Antonio, TX . , . 

| ARC America Corp. of Newport Beach, 
. 1988° ~ 1989 CA, a subsidiary of ARC Ltd. of Bristol, 

Region Quantity Value Quantity Value | United Kingdom, and one of the major 
Nontheasts crushed stone and sand and gravel pro- 

New England 36,500 214,000 30,172 195,607 by Hanson Trust PLC of London, United 
Middle Atlantic 164,700 794,400 154,421 801,476 Kingdom. The change in own ership follow- 

Midwest: ed the acquisition by Hanson PLC of the 
East North Central 210,000 852,500 211,579 787,107 | Consolidated Gold Fields PLC, of London, 

West North Central 117,400 455,100 112,631 407,125 United Kingdom, the parent company of 

South: _ | ARC Ltd. At the end of 1989, Hansen PLC 

South Atlantic "324,900 “1,588,700 316,306 1,497,971 | was in the process of selling all ARC 

East South Central "134,100 "589,000 134,482 614,623 | America operations to Colonial Sugar 
West South Central 129,600 465,200 125,995 448,560 | Refineries (CSR) Ltd. of Sydney, Australia, 

West a major sugar and building-material pro- 
WMoutun 37.900 144.600 32.166 131.292 ducer. The transaction includes American 
_— ° Aggregates Co. of Greenville, OH 
Pacifi 2,700 451,200 95,679 442,001 . ° ? 
Pacific 0 _ 92,700 —_—_— —_——— ————— | Associated Sand and Gravel Co. of Everett, 

Total? 1,247,800 5,558,000 1,213,400 5,325,800 WA. and WMK Co. of Las Vegas NV 
VS —V—K—LKLSVvla_=vreaQaQaQQQaaaFr TR EE ——— eee 9 ° 9 e 

“Estimated. "Revised. . . , 

‘Includes volcanic cinder and scoria. CSR already owns Rinker Materials Corp. 

2Data may not add to totals shown because of independent rounding. of West Palm Beach, FL. 

TABLE 4 

CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 1989, 

BY QUARTER AND REGION 
(Thousand short tons and thousand dollars) 

Quantity 
. a Value Percent Number 

Region Ist 2d 3d 4th Total total coverage of 
quarter quarter quarter quarter companies? 

Northeast: 

New England 1,900 11,500 13,300 8,700 35,400 217,200 42 24 

Middle Atlantic 21,800 44,700 52,200 38,700 157,400 843,700 59 37 

Midwest: 

East North Central 22,200 64,500 74,900 57,000 218,600 1,111,300 64 44 

West North Central 16,700 34,500 38,300 29,900 119,400 270,300 46 41 

South: 

South Atlantic — 67,100 83,100 86,400 73,700 310,300 1,571,600 78 42 

East South Central 23,100 38,100 43,000 33,900 138,100 619,200 53 16 

West South Central 24,900 32,500 32,000 29,600 119,000 425,600 62 35 

West: 

_ Mountain 3,500 11,200 11,800 8,300 34,800 130,800 38 26 

Pacific? 18,200 24,100 25,600 24,600 92,500 441,000 39 29 
Total? 199,300 344,100 377,500 304,600 41,235,100 45,636,900 XX XX 

XX Not applicable. 

1Number of companies reporting for the quarterly survey. 

2Does not include Alaska and Hawaii. 

3Data may not add to totals shown because of independent rounding and differences between projected totals by States and by regions. 

‘Includes Alaska, Hawaii, and ‘“Other’’ totals; these totals represent preliminary estimates and, therefore, do not equal the final totals resulting fromthe annual survey. 
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TABLE 5 Martin Marietta.Corp. of Bethesda, MD, 

CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE ao enna en ce gtone quanties 10 cen 
1 

UNITED STATES, BY STATE Materials Corp. of Des Moines, IA. 
(Thousand short tons and thousand dollars) George Wimpey PLC of London, United 

Kingdom, acquired Broyhill and Associates 
1988° 1989 Inc. of Annville, PA, and its two rail-linked 

State FT —_______— {| limestone quarries in Hanover and Ann- 
Quantity Value Quantity Value ville, PA, that supply Baltimore- 

Alabama 29,700 140,100 *31,737 “167,332 | Washington and Delaware markets. 
Alaska 1,800 8,400 2,900 20,300 Vulcan Materials Co. of Birmingham, 
Arizona 7,400 33,000 6,649 28,552 | AL, acquired Dolcito Quarry Co. of Tar- 
Arkansas 17,100 70,100 318,791 376,419 | rant, AL, and Central Rock Minerals Inc. 

California 49,100 275,000 54,887 238,034 | of Lexington, KY. Dolcito quarry is one 

Colorado 10,600 42,400 47,261 432,435 | of the oldest continuously operating crush- 
Connecticut #§ _ 11,400 76,900 311,480 378,734 | ed stone quarries in the southeast. Vulcan 
Florida sss—<“i‘SCS~S 583,200 5374, 400 83,995 341,397 | also announced the signing of a letter of in- 
Georgia tst—~—S 57,400 317,200 50,417 262,805 tent to purchase Reed Crushed Stone Co. 

Hawai 5,700 41,000 6,205 46,746 of Paducah, KY, and two subsidiary com- 
liaho 3.400 13.100 3.298 12.609 | Panies, Reed Terminal Co. and BRT 
———— ° Transfer Terminal Inc. Reed Crushed Stone 
Minos 97,900 251,200 "00,829 (290,832 presently operates the largest crushed stone 
Indiana 36,600 130,000 36,188 136,252 | Guarry in the United States. Ideal Basic In- 
Jowa 29,200 128,500 28,049 111,182 | Gustries of Denver, CO, started shipping 
Kansas 17,300 72,700 ° *15,850 ° *56,976 | limestone by barge from its newly com- 
Kentucky 50,700 207,900 348,178 3187,849 pleted Crystal River quarry in Florida to 

Louisiana 73,700 729,200 3,206 24,414 its Mobile, AL, cement plant. 

Maine 1,400 5,300 1,591 8,801 

Maryland 32,700 167,000 30,841 153,375 | Limestone 

Massachusetts 17,500 91,900 11,880 67,768 The 1989 output of crushed limestone, 

Michigan 38,800 120,300 40,905 123,678 including some dolomite, increased slightly 
Minnesota 8,300 28,200 8,760 30,218 | t> 807 million tons valued at $3.2 billion, 
Mississippi 1,500 9,000 1,069 3,994 | compared with the 1987 totals. In addition 
Missouri 52,100 183,000 31,754 171,848 | to the quarries reporting producing only 

Montana 1,800 4,500 2,846 9,718 | limestone, 41 quarries reported producing 
Nebraska 4,900 22,000 3,978 20,050 | both limestone and dolomite without mak- 
Nevada 31,300 35,700 1,560 4,638 | ing a distinction between the two kinds of 

New Hampshire 2,400 9,800 771 4,020 | stone. Their production was included with 
New Jersey 919,300 9123,500 20,799 140,998 | the limestone, and therefore, the limestone 
New Mexico —~S—TN 3,500 13,900 2,784 11,672 | totals shown in this chapter include an 

New York ==~=—~*~*«éS, 9000 193,500 39,851 201,749 | undetermined amount of dolomite in addi- 
North Carolina 50,500 250,000 51,519 257,976 Tn to the was produced by Separately 
North Dakota WwW W — — . . 5 

Ohio ~~~~~~—_ 48,000 252,000 46,426 183,190 | Pamies at 2,444 quarries in 47 States. 
Oklahoma 426,300 492,000 223,598 281,969 Leading States, mn decreasing order of ton- 
—— ° ” , ” nage, were Florida, Texas, Pennsylvania, 

Oregon 22,200 77,600 * *18,407 * *81,204 | Tiinois, and Tennessee; these five States ac- 
Pennsylvania C(iti‘éd 0 470,700 93,123 *455,004 | counted for 38.3% of the total U.S. output. 
Rhode Island 1,500 9,400 *1,208 7,170 | Leading U.S. producers were, in order of 
South Carolina!® 23,500 105,800 24,429 111,656 volume, Vulcan Materials Co, Beazer 

South Dakota 5,500 20,600 3,833 14,303 | USA, Martin Marietta Aggregates, General 

Tennessee 52,200 235,000 52,917 252,785 | Dynamics, and the Rogers Group. These 
Texas 82,000 271,300 76,823 252,982 | five companies accounted for about 20% 

Utah 7,300 20,600 4,683 19,176 | of total U.S. output of limestone. 
Vermont 22,000 218,000 3,119 28,110 

Virginia 66,000 326,700 64,061 328,050 | Dolomite 

Washington 13,900 48,700 13,259 35,624 Production of dolomite remained 
West Virginia 11,600 47,600 710,904 742,538 | relatively unchanged from the 1987 
Wisconsin 428,500 498,300 26,520 83,664 | reported totals. Crushed dolomite was 

See footnotes at end of table. reportedly produced by 92 companies at 
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TABLE 5—Continued Co., Martin Marietta, Beazer USA, Tar- 

CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE mac America, and Luck Stone Corp; their 
] 1 combined production represented 56% of 

UNITED STATES, BY STATE | | the U.S. total. 
(Thousand short tons and thousand dollars) 

| Traprock 

a State a —__ Production of crushed traprock decreas- 

Quantity Value Quantity Value | ed 4% to 99 million tons valued at $524 
Wyoming | 2,500 11,400 2,990 12,120 | million. Traprock was produced by 242 
Other! 2,100 13,700 6,303 26,845 | companies at 441 quarries in 27 States. 
Total?! : 1,247,800 5,558,000 1,213,400 5,325,800 | Leading States, in decreasing order of ton- 

°Estimated. W Withheld to avoid disclosing company proprietary data; included with “Other.” nage, were Oregon, New Jersey, Washing- 
1To avoid disclosing company Proprietary data, certain State totals do not include all kinds of stone produced within the State; the portion ton, Connecticut, and Virginia; these five 

rexcludes gatite : States accounted for 57% of U.S. output. 
3Excludes dolomite. | _| Leading U.S. producers, in decreasing 

ne | order of tonnage, were Traprock Industries 
Excludes sandstone. Inc., Tilcon Inc., Beazer USA, and Luck 
“Excludes other stone. | Stone Corp; their combined production ac- 
wees ee | counted for 25% of the total U.S. output. 
10Excludes shell. 

‘Data may not add to totals shown because of independent rounding. | Sandstone and Quartzite 

| The combined output of crushed sand- 
: stone and quartzite remained relatively un- 

136 quarries in 27 States. An additional | were Dundee Cement Co., Medusa Ag- | changed at 32 million tons valued at $149 
undetermined amount of dolomite is in- | gregates Co., and Giant Group LTD; their | million. Crushed sandstone was produced 
cluded in the total crushed limestone. | combined production represented 64% of | by 113 companies at 216 quarries in 27 
Leading States in the production of | the total U.S. output. States, while crushed quartzite was produc- 
dolomite, in decreasing order of tonnage, ed by 23 companies at 24 quarries in 17 
were Pennsylvania, Ohio, Michigan, Ten- | Shell States. Leading States in decreasing order 
nessee, and New York; these five States ac- Shell is mainlv derived from fossil reefs of production of sandstone were Arkansas, . 
counted for 67% of the total U.S. output. } y California, and Pennsylvania, and for 
Leadi or oyster shell. The output of crushed shell eae . 
eading U.S. producers were Stabler Co., aye quartzite California, Georgia, and South 

ve decreased 18% to 6.9 million tons valued 
Glasgow Inc., Asarco, Michigan Minerals at $35 million. The decrease is mostly ow- Dakota; the three States accounted for 55% 
Associates, and Dravo Lime; their combin- inc to the tes tric tions imposed on the in of the U.S. output of sandstone and 76% of 
ed production represented 38 % of the total Bt . P the U.S. output of quartzite. Leading pro- 

dustry in Louisiana as a result of concerns 
U.S. dolomite production. . . : ducers, in decreasing order of tonnage, were 

. that shell dredging produces irreversible Arkola Sand and Gravel Co.. American 
damage to the environment. Crushed shell . 

Marble | Rock and Asphalt Inc., and Weaver Con- 
was produced by 15 companies from 18 struction Co. for crushed sandstone, and 

Production of crushed marble increased | operations in 5 States. The major produc- . . ? 
aq: . - Martin Marietta, Beazer USA, and Sweet- 

119% to 12 million tons valued at $137 | ing States were Florida and Louisiana, and man Construction Co. for crushed quartzite 
million. Crushed marble was produced by | the leading producers, in decreasing order q 
14 companies at 59 quarries in 12 States. | of tonnage, were Dravo Lime Co., Ashland S] 
Leading States, in decreasing order of ton- | Oil Inc., Leisey Shell Corp., Pontchartrain ate 
nage, were Georgia, Virginia, Alabama, | Dredging Corp., and Quality Aggregates Compared with that of 1987, the 1989 
Vermont, and Texas; these five States ac- | Inc.; their combined production | output of crushed slate decreased 10% to 
counted for 98% of the total U.S. output. | represented 80% of the U.S. output. 2.1 million tons valued at $12.9 million. 
Leading producers of crushed marble, in Crushed slate was produced by six com- 
decreasing order of tonnage, were Georgia | Granite panies at seven quarries in six States. 
Marble Co., Beazer USA, and Jim Walter ; Leading States, in decreasing order of ton- 
Corp; their combined production Compared with that of 1987, the 1989 nage, were North Carolina and Georgia. 

output of crushed granite decreased 6.4% ; . 
represented 82% of the total U.S. output. aq: a: Leading producers, in order of tonnage, 

to 168 million tons valued at $865 million. Martin Mati Bic Ri In 
Crushed granite was produced by 134 com- were Martin Marietta, Dig Niver in- 

Calcareous Marl ; -. dustries, and Lesuer-Richmond Slate Corp. 
panies at 375 quarries in 32 States. Leading 

; ; The top three producers accounted for most 
Output of marl increased 23% to 5.1 | States, in decreasing order of tonnage, were of the U.S. output of crushed slate 

million tons valued at $11.6 million. Marl | North Carolina, Georgia, Virginia, South 5. outp 
was produced by 15 companies at 15 quar- | Carolina, and California; these five States Volcanic Cind d Scori 
ries in 8 States. South Carolina accounted | accounted for 76% of the U.S. output. | ’° canic Vinder and scorta 
for 61% of total U.S. output. Leading pro- | Leading U.S. producers, in decreasing Production of volcanic cinder and scoria 
ducers, in decreasing order of tonnage, | order of tonnage, were Vulcan Materials | showed a slight decrease to 3.6 million tons 
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TABLE 6 

CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE UNITED STATES IN 1989, BY QUARTER AND STATE 
(Thousand short tons and thousand dollars) 

a 

—Satty Value P t Numb f 
: ercen umber O 

Region quart er q a er quarte r quart er Total total coverage companies! 

Alabama 6,200 8,400 9,300 7,600 31,500 155,900 64 9 

Alaska? — — — — 1,500 6,800 — — 

Arizona? — — — — 5,300 26,200 — — 

Arkansas 2,500 4,800 6,200 5,700 19,100 85,000 44 7 

California 11,600 14,200 13,900 14,200 53,800 242,100 45 12 

Colorado 800 2,200 2,900 1,800 7,700 32,700 356 7 

Connecticut 900 4,200 4,500 3,200 12,700 87,000 39 6 

Delaware oo — — — — — — — 

Florida? 21,000 22,600 21,600 19,200 84,300 392,000 62 12 

Georgia | 11,800 13,200 12,900 10,600 48,500 264,300 95 7 

Hawaii? — — — — 6,100 47,900 _ — 

Idaho 300 1,200 1,100 700 3,300 13,600 37 4 

Illinois 5,900 17,700 20,200 17,300 61,100 259,700 64 11 

Indiana 5,100 10,600 12,400 8,500 36,600 135,400 74 15 

Iowa 3,300 9,300 9,500 8,300 30,400 127,700 40 6 

Kansas 2,300 4,500 5,800 4,100 16,700 | 64,300 50 il 

Kentucky 6,900 13,500 15,600 11,800 49,700 206,300 38 7 

Louisiana 900 1,000 1,000 700 3,600 28,000 88 3 

Maine 300 400 300 200 1,200 5,600 38 3 

Maryland 6,100 8,400 9,400 8,000 31,900 167,500 90 9 

Massachusetts 500 4,900 5,900 3,800 15,100 82,300 44 6 

Michigan 3,400 11,900 13,000 9,400 37,700 120,600 70 9 

Minnesota 300 3,200 4,000 2,000 9,500 36,100 64 7 

Mississippi? — — — — 1,700 7,700 — — 

Missouri 9,700 13,900 15,600 13,600 52,800 200,600 40 16 

Montana 200 200 700 500 1,600 4,400 59 3 

Nebraska 900 1,400 1,400 1,100 4,800 24,500 96 6 

Nevada? 300 300 800 600 1,900 8,600 68 4 

New Hampshire 90 1,400 1,500 900 3,900 17,600 18 2 

New Jersey? 3,200 4,900 5,900 5,000 18,900 122,700 100 9 

New Mexico? 500 1,600 1,300 1,000 4,400 16,500 8 4 

New York 3,300 12,000 15,700 9,400 40,400 210,100 60 9 

North Carolina 8,500 13,300 14,300 11,900 48,100 259,700 95 9 

North Dakota? —_ — — — W WwW — _— 

Ohio 4,900 15,600 18,500 12,600 51,600 283,800 69 11 

Oklahoma? 4,900 | 6,600 7,100 6,200 24,700 81,500 77 12 

Oregon 3,700 5,500 7,700 6,900 23,800 89,300 31 12 

Pennsylvania 15,000 27,900 30,500 23,800 97,200 510,300 52 22 

Rhode Island 80 500 500 300 1,400 9,000 73 3 

South Carolina? 4,800 5,700 6,000 6,200 22,600 109,600 82 7 

South Dakota 500 2,000 1,500 1,200 5,200 17,700 45 4 

Tennessee 7,700 15,400 17,300 13,700 54,100 248,900 61 8 

Texas 16,300 20,200 18,000 17,500 71,900 230,100 60 18 

Utah? — — _ — 6,000 19,500 — _ 

Vermont? ° — — — — 2,000 15,000 — — 

Virginia 13,500 17,300 18,900 15,500 65,200 339,000 73 17 

Washington 2,400 4,300 4,300 3,500 14,500 54,400 33 7 

West Virginia? — — — — 11,000 38,500 — _— 

Wisconsin? 2,700 8,800 11,400 11,300 34,100 110,800 35 8 

Wyoming? — — — — 2,100 8,900 — — 

Other? — — — _ 1,900 11,200 — = 
Total XX XX XX XX 41,235,100 45,636,900 XX XX 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.’’ XX Not applicable. 
‘Number of companies reporting for the quarterly survey. 
2Because of a low number of reporting companies, no production estimates by quarters were generated. 

3To avoid disclosing company proprietary data, certain State totals do not include all kinds of stone produced within the State; the portion not shown has been included with “‘Other.”” 

‘These totals represent preliminary estimates, and therefore, do not equal the final totals resulting from the annual survey. 
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TABLE 7 

CRUSHED STONE SOLD OR USED IN THE UNITED STATES IN 1989, BY REGION AND SIZE OF OPERATION 

Northeast Midwest 

Size range Number Percent Quantity Percent Number Percent Quantity Percent 
(short tons) of of (thousand) of of of (thousand) of 

operations total short total operations total short total 
tons) tons) 

Less than 25,000 32 8.1 319 0.2 316 23.9 3,435 1.1 

25,000 to 49,999 20 5.1 835 5 175 13.3 6,509 2.0 
50,000 to 99,999 36 9.1 2,137 1.5 231 17.5 17,148 5.3 

100,000 to 199,999 63 15.9 9,119 4.9 221 16.7 32,560 10.0 

200,000 to 299,999 46 11.6 11,505 6.2 122 9.2 29,903 9.2 

300,000 to 399,999 40 10.1 14,372 7.8 59 4.5 20,481 6.3 

400,000 to 499,999 27 6.8 12,457 6.7 36 2.7 16,372 5.0 

500,000 to 599,999 22 5.6 12,113 6.6 25 1.9 13,935 4.3 

600,000 to 699,999 23 5.8 15,030 8.1 23 1.7 14,762 4.6 

700,000 to 799,999 26 6.6 19,227 10.4 21 1.6 15,865 4.9 

800,000 to 899,999 15 3.8 12,724 6.9 | 13 1.0 11,113 3.4 

900,000 to 999,999 9 2.3 8,602 4.7 19 1.4 18,185 5.6 

1,000,000 to 1,499,999 18 4.6 21,198 11.5 34 2.6 40,883 12.6 

1,500,000 to 1,999,999 8 2.0 — 13,721 7.4 9 7 14,897 4.6 

2,000,000 to 2,499,999 2 5 4,578 2.5 5 4 11,146 3.4 

2,500,000 to 4,999,999 8 2.0 26,055 14.1 7 SS 23,407 7.2 

5,000,000 and over — — — —_— 4 3 33,609 10.4 

Total! ~ 395 100.0 184,600 100.0 1,320 100.0 324,200 100.0 | 
South | West U.S. total! ! 

Number Percent Quantity Percent Number Percent Quantity Percent Number Percent Quantity Percent 
(thousand) (thousand) (thousand) 

of of short of of of short of of of short of 
operations _ total tons) total operations total tons) total operations total tons) total 

Less than 25,000 89 8.3 981 0.2 227 35.4 1,778 1.4 664 19.4 6,512 0.5 

25,000 to 49,999 66 5.9 2,464 4 80 12.5 2,909 2.3 341 10.0 12,717 1.0 

50,000 to 99,999 96 9.0 6,824 1.2 104 16.2 7,740 6.1 467 13.2 34,450 2.8 

100,000 to 199,999 169 15.8 24,812 4.3 71 11.1 10,164 8.0 524 15.3 76,656 6.3 

200,000 to 299,999 116 11.1 28,837 5.0 53 8.3 12,729 10.0 337 9.8 82,974 6.8 

300,000 to 399,999 77 8.0 27,029 4.7 22 3.4 7,365 5.8 198 5.8 69,247 5.7 

400,000 to 499,999 78 7.2 35,257 6.1 15 2.3 6,646 5.2 156 4.6 70,732 5.8 

500,000 to 599,999 63 5.8 34,775 6.0 17 2.6 9,223 7.2 127 3.7 70,046 5.8 

600,000 to 699,999 50 5.0 32,594 5.7 6 9 3,887 3.0 102 3.0 66,272 5.5 | 

700,000 to 799,999 49 5.1 36,272 6.3 9 1.4 6,718 5.3 105 3.1 78,081 6.4 

800,000 to 899,999 27 2.9 22,970 4.0 8 1.2 6,866 5.4 63 1.8 53,674 4.4 

900,000 to 999,999 34 2.9 32,164 5.6 5 8 4,768 3.7 67 2.0 63,719 5.3 

1,000,000 to 1,499,999 86 7.1 101,394 17.6 12 1.9 14,071 11.0 150 4.4 177,545 14.6 | 

1,500,000 to 1,999,999 28 2.5 48,351 8.4 4 6 7,254 5.7 49 1.4 84,223 6.9 

2,000,000 to 2,499,999 12 1.0 26,334 4.6 5 8 11,099 8.7 24 7 53,157 4.4 | 

2,900,000 to 4,999,999 23 2.1 72,854 12.6 4 6 14,630 11.4 42 1.2 136,947 =:11.3 

5,000,000 and over 6 4 42,871 7.4 — — — — 10 3 76,479 (6.3 

Total! 1,069 100.0 576,800 100.0 642 100.0 127,800 100.0 73,416 + ~—-100.0 1,213,400 100.0 

Data do not add to total shown because of multiple kinds of stone reported by same operation. 
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TABLE 8 TABLE 9 

CRUSHED LIMESTONE AND DOLOMITE SOLD OR USED BY CRUSHED CALCAREOUS MARL 

PRODUCERS IN THE UNITED STATES IN 1989, BY STATE SOLD OR USED BY PRODUCERS 

. _ (Thousand short tons and thousand dollars) IN THE UNITED STATES IN 1989, 

aaa or pene BY STATE 

State Suma Limestone wa Suny Dolomite _ caus (Thousand short tons and thousand dollars) 

ue uan ue 

rg <a 

xis ass state | ey 
Arizona 3,969 17,622 —  __ | Florida 208 800 

Arkansas 7,578 30,081 Ww w | Michigan 12 28 

Califonia 29,963 120,613 676 8.382 | South Carolina = 3,133 6,178 

Colorado 4,157 14,686 — — | Others L705 4,608 

Connecticut 1,760 13,260 _ —|_Tot 5100 _—*' 600 
Florida 73 ,058 305,920 1, 561 8,099 es data for Georgia, Indiana, Maine, North Carolina, and 

Georgia 7,796 38,814 — — 2Data may not add to totals shown because of independent 

Hawaii | 650 3,600 - — | rounding. 

Idaho 960 4,575 — _— | 

Illinois 157,293 1252,461 3,536 14,371 _. | 

indiana tCS 34,091 126,742 2,095 9,510 valued at $20 million. Volcanic cinder and 

lwa 127,850 110,333 w wW scoria were produced by 32 companies 

Kansas 15,850 56,976 _ _ | from 37 operations in ll States. Leading. 

Kentucky 48.178 187,849 w w States, in decreasing order of volume were, 

| Mine 1143 5 104 _ _ California, Arizona, Oregon, and Wyo- 

a ° ming; their combined production ac- 

Maryland 19,594 94,436 _ — | counted for 79% of the total U.S. output. 

Massachusetts Ww Ww Ww W | Leading producers, in decreasing order of 

Michigan 35,385 104,558 4,544 14,185 | tonnage, were Martin Marietta, the U.S. 

Minnesota 6,781 22,866 Ww W | Forest Service, and Superlite Block Co.; 

Mississippi 1,069 3,994 — — | their combined production accounted for 

Missouri 147,970 1159,490 1,159 3,979 | 44% of U.S. output. 7 

Montana 2,680 9,135 — — 

Nebraska 3,978 20,050 — — | Miscellaneous Stone 

Ne Hae wy Wy " Output of other kinds of crushed stone 

Newlescy 1,968 15,416 _ __ | increased 48% to 28 million tons valued 

Now Mexico 1 545 4,546 _ | at $120 million. Miscellaneous stone was 

New Yok 129,514 1132,521 3,719 19,985 | Pe oduced by 91 companies from 104 quar- 
—— , , , ries in 27 States. Leading States, in 

North Carolina ___ 4,898 26,306 w W | decreasing order of volume, were Penn- 

Ohio 41,197 166,161 5,121 16,747 | syivania, Florida, and Maryland; their 

Oklahoma 21,511 69,412 547 5,308 | combined production accounted for 55% 

Oregon 1,480 5,490 Ww W | of the total U.S. output. Leading producers, 

Pennsylvania 57,984 289,594 13,543 60,483 | in decreasing order of tonnage, were 

Rhode Island 676 4,259 — — | Vecellio & Grogan Inc., Rockville Crush- 

South Carolina 4,474 19,339 — — | ed Stone, and Lone Star Industries. 

South Dakota 2,332 6,697 — — 

Tennessee 48,965 238,418 Ww w | DD eee 

Texas.St(<“=StCStS 172,011 1994.77 W w | CONSUMPTION AND USES 

Utah 3,338 13,641 425 2,596 

Vermont 1,716 7,895 — — | Crushed stone production reported to the 

Virginia 7 18,359 19,597 2,122 17,070 | Bureau of Mines is material that was either 

Washington "456 5,645 232 866 | sold or used by producers. Stockpiled pro- 

West Virginia 9,854 37,480 — — | duction is not reported. Therefore, the | 

Wisconsin 20,049 64,827 WwW W | “sold or used” tonnage represents the 

Wyoming 1,371 5,643 WwW W | amount of production released for domestic 

Other 1,493 26,479 7,747 25,700 | consumption or export in a given year. 

Total? 806,600 3,234,300 49,300 217,000 | Because some of the crushed stone pro- 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ ducers did not report a breakdown by end 

‘Includes ‘‘limestone/dolomite,’’ reported with no distinction between the two. 
. . . 

2Data may not add to totals shown because of independent rounding. use, their total production is reported under 
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TABLE 10 

CRUSHED GRANITE, TRAPROCK, AND SANDSTONE AND QUARTZITE SOLD OR USED BY PRODUCERS 
IN THE UNITED STATES IN 1989, BY STATE 

(Thousand short tons and thousand dollars) , | 

| _ Granite _  Traprock Sandstone and quartzite 
State Quantity Value Quantity Value Quantity Value 

Alabama WwW WwW — — — — 
Alaska WwW W 844 3,475 — — 
Arizona 2,022 8,324 — — 100 WwW 
Arkansas 7,404 30,254 — — 3,259 13,171 
California 8,734 38,325 6,089 32,679 5,298 21,879 
Colorado 1,809 8,936 W WwW 266 1,283 Connecticut Ww ow 9,720 65,473 — — 
Florida — — — — _— — 
Georgia | 32,554 169,196 — — W WwW 
Hawaii — — 5,475 42,965 — — 
Idaho 167 425 2,083 7,428 88 182 
Illinois — — — — WwW WwW 
Indiana — — — _— — — 
Iowa — : — — — WwW WwW 
Kansas — — — — 407 2,548 
Kentucky — — — _— — — 
Louisiana . — — — — W W 
Maine W WwW WwW WwW W WwW 
Maryland . 3,399 20,741 3,401 12,657 177 1,094 
Massachusetts 2,812 19,171 7,567 37,317 W W 
Michigan | — — 24 69 W W 
Minnesota 1,765 6,536 10 82 — — Mississippi — — — — — — 
Missouri WwW W WwW W 610 2,019 
Montana — — W W 97 375 
Nebraska — — — oo — — 
Nevada 33 48 W W — — 
New Hampshire Ww 1,383 WwW WwW — — 
New Jersey 6,487 47,093 12,345 78,490 — — 
New Mexico 745 4,467 | W W WwW WwW 
New York 3,604 28,151 1,890 14,616 1,000 6,141 
North Carolina 39,398 193 ,664 3,761 19,634 WwW WwW 
Ohio — — — — 108 281 
Oklahoma W W 955 5,227 585 2,022 
Oregon 219 977 15,242 65,222 W W 
Pennsylvania W WwW 8,037 39,311 7,515 34,017 
Rhode Island 532 2,845 WwW 67 — _ 
South Carolina 16,822 86,140 — — — — 
South Dakota — — — — 1,467 7,467 
Tennessee —_ — — — W WwW 
Texas — | — Ww WwW 1,259 7,639 
Utah WwW W — — WwW W 
Vermont W WwW — — — — 
Virginia 29,985 161,737 9,439 52,049 1,250 5,686 
Washington 309 1,668 10,179 40,537 983 2,989 
West Virginia WwW Ww — — 1,050 5,059 
Wisconsin 2,185 6,395 W WwW 2,337 7,732 
Wyoming W W — — — — 
Other 7,451 28,485 2,099 6,972 3,986 27,112 

Total! 168,400 865 ,000 99,200 524,300 31,800 148,700 
W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ 
‘Data may not add to totals shown because of independent rounding. 
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| TABLE 11 metallurgical uses, 1% for special uses and 

| CRUSHED VOLCANIC CINDER AND SCORIA AND MISCELLANEOUS eee Any analysis 7 as other unspete 
CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE take into account the 278 million tons of 

UNITED STATES IN 1989, BY STATE limestone included under ‘‘Other 
| (Thousand short tons and thousand dollars) unspecified uses, actual and estimated.” It 

is recommended that in any such review, 
Volcanic cinder Miscellaneous the quantities and values included in 

| State and scoria stone | “Other unspecified uses’ be distributed 
Quantity Value Quantity Value | among the reported uses being analyzed, 

Alka BQ 002 based on the following calculation: The 
as ’ 

———_ percentage for each reported use should be 
Arizona 931 1,234 — ~ | calculated as a percentage of the U.S. total 
Arkansas _ — 532 2,913 | minus “Other unspecified uses”; the 
Califormia 740 3,368 3,335 12,531 | resulting percentages then should be ap- 
Colorado 258 3,980 7h 3,551 | plied to “Other unspecified uses” and the 
Florida — — 5,580 16,636 | resulting quantities and values added to the 
Indiana — — Ww W | reported uses published in the table. | 
Louisiana — — W Wii . 

Maryland _ _ WwW W Dolomite 

Massachusetts — — WwW WwW Of the 49 million tons of crushed dolo- 

Michigan — — W W | mite consumed, 51% was used as construc- 
Minnesota _ _ Ww w | tion aggregates, 6% as agricultural lime, 3% 
Missouri —SOtS _ _ 334 1,926 | for dead-burned dolomite, 1% as flux stone, 
Nevada 96 640 407 1,136 | 1 * for lime annie and - % for 
—— _ _ other unspec uses. An additional unde- 

ee —_—_— 306 1.967 Wy sane fined amount of dolomite consumed in a va- 
—— riety of uses is reported with the limestone. 
New York — _ WwW W 

Oregon 502 3,508 179 508 | Marble 

————————_—— a a Ny oN Of the 12 million tons of crushed mar- 
ac ble consumed, 8% was used as fillers and 
Tennessee — — Ww W | extenders, 7% for miscellaneous uses, and 
Texas — ~ 1,527 4,998 | 85% was used for other unspecified uses. 
Utah WwW W —- — 
Vermont — — W W | Calcareous Marl 

Virginia _ — Ww Ww Of the 5 million tons of marl consum- 
Washington Ww Ww 1,017 3,477 | ed, 93% was used for cement manufactur- 
Wyoming 293 Ww 28 91 | ing, 2% as road base material, and 5% for 

Other *1,004 15,510 27,912 239,961 | other unspecified uses. 
Total? | 3,600 20,200 28,100 119,500 

W Withheld to avoid disclosing company proprietary data; included with ‘‘Other.”’ Shell 

sncludes data for Hawaii and North Carolina. Of the 6.9 million tons of crushed shell 
*Data may not add to totals shown because of independent rounding. consumed, 39% was used as construction 

: aggregates and 61% for other unspecified 
uses. 

“Other unspecified uses, actual.” The | manufacturing; 2% for agricultural pur- | Granite 
estimated production of nonrespondents is | poses; 1% for other chemical and _ 
reported under “Other unspecified uses, | metallurgical purposes; 1% for special uses | _ Of the 168 million tons of crushed granite 
estimated.” and products; and 35% for other | Consumed, 71% was used as construction 

In 1989, U.S. consumption of crushed | unspecified uses. aggregates, of which 5% was for railroad 
stone was 1.2 billion tons valued at $5.3 ballast, and 28% was used for other 
billion, a 2.8% decrease from the estimated | y jmestone unspecified uses. 
consumption of 1988 and a slight increase 
over the reported consumption of 1987. Of the 807 million tons of crushed | !raprock 
About 52% of this tonnage was used as | limestone consumed, 48% was used as Of the 99 million tons of crushed 
construction aggregates, mostly for | construction aggregates, 13% for cement | traprock consumed, 57% was used as con- 
highway and road construction and | and lime manufacturing, 2% for | struction aggregates and 41% was used for 
maintenance; 9% for cement and lime | agricultural purposes, 1% for chemical and | other unspecified uses. 
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TABLE 12 

KIND OF CRUSHED STONE PRODUCED IN THE UNITED STATES IN 1989, BY STATE 

Volcanic 

State Lime- Dolo- Marble = Marl_~—= Shell. ~—=sGranite «= T™@P— S@Md-  Guarizite Slate «= NET. Miiscella- 
stone mite rock stone and neous 

scoria 

Alabama xX X X XxX 

Alaska xX x | | x xX x | 

Arizona X X X X X 

Arkansas x xX : X X xX X 

California xX X xX xX xX xX. xX xX xX xX xX 

Colorado xX | X X xX X X 

Connecticut Xx X xX 

Florida xX x X x X 
Georgia - Xx X X Xx X Xx 

Hawaii X xX X XxX 

Idaho X X X X 

Illinois X X X 

Indiana | xX X xX X 

Iowa xX xX X 

Kansas X X X 

Kentucky Xx XxX 

Louisiana X X 

Maine | X X X X X 

Maryland X X X X. X X ».4 

Massachusetts X X X X xX X 

Michigan X »,4 X Xx Xx Xx Xx Xx 

Minnesota X X a, ¢ X X 

Mississippi X 

Missouri X X X X X X 

Montana X . xX X X xX 

Nebraska X 

Nevada X X X X X X X 

New Hampshire Xx X Xx X 

New Jersey Xx Xx X 

New Mexico X xX X X X X 

New York X X X X X X Xx Xx 

North Carolina X X X X X X X X X xX 

Ohio X X X Xx | 

Oklahoma X X X X X 

Oregon Xx Xx Xx X Xx xX Xx X 

Pennsylvania Xx »,4 Xx X X X Xx 

Rhode Island X X X 

South Carolina Xx X X Xx | 

South Dakota XxX X X X 

Tennessee X xX | XxX X 

Texas Xx X xX xX X X | X 

Utah X X X X X 

Vermont xX X X X xX 

Virginia Xx X Xx Xx X X X XxX Xx 

Washington Xx X X Xx Xx »,4 Xx Xx 

West Virginia xX X Xx 

Wisconsin x X X X » 4 

Wyoming X Xx Xx X Xx Xx 

Guam XxX 

Puerto Rico xX xX xX X xX X 

Virgin Islands X Xx 
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TABLE 13 Sandstone and Quartzite 

CRUSHED STONE SOLD OR USED BY PRODUCERS IN THE Of the 32 million tons of combined 
UNITED STATES IN 1989, BY USE crushed sandstone and quartzite consum- 

(Thousand short tons and thousand dollars) ed, 64% was used as construction ag- 
gregates, of which 5% was for railroad 

oo" lk. _ _OsCO oro | ballast; 1% for cement manufacturing; and 
oe Qaatity alte | 253% for other unspecified uses. * 
Coarse aggregate (+ 1% inch): 

Macadam } 9,797 39,575 | Slate 

eee Sant “se 7a Of the 2 million tons of crushed slate 
Oo , ’ consumed, 74% was used for a variety of 

__Other coarse aggregate 1,964 7,525 | unspecified industrial applications and 
Coarse aggregate, graded: 26% was used as construction aggregates. 

Concrete aggregate, coarse 113,871 534,709 

Bituminous aggregate, coarse 72,731 346,788 | Voleanic Cinder and Scoria 

_Bituminous surface-treatment aggregate 22,155 7 106,053 Of the 3.6 million tons of volcanic cinder 
_Railroad ballast 18,015 78,129 | and scoria consumed, 50% was used as 
_Other graded coarse aggregate 4,320 22,605 | construction aggregates, mainly for road 
Fine aggregate (-3/8 inch): construction and maintenance, and 47% 

Stone sand, concrete 19,932 94,748 | was used for other unspecified uses. 
Stone sand, bituminous mix or seal 19,466 80,851 

Screening, undesignated 32,027 133,535 | Miscellaneous Stone 

_Other fine aggregate 1,742 8,955 | Of the 42 million tons of miscellaneous 
Coarse and fine aggregates: a crushed stone consumed, 46% was used as 

Graded road base or subbase 178,900 682,472 | construction aggregates and 40% for other 

Unpaved road surfacing 28,517 109,901 unspecified uses. 

Terrazzo and exposed aggregate 3,637 22,629 

Crusher run or fill or waste 52,079 201,329 

Other coarse and fine aggregates 747 | 2,537 TRANSPORTATION 

Other construction materials! : 21,033 97,561 

Agricultural: Of the total crushed stone produced, 
Agricultural limestone 18,934 89,283 | 54% was transported by truck from the 

Poultry grit and mineral food 3,191 25,682 | processing plant or quarry to the first point 

Other agricultural uses 910 4,834 | of sale or use, 4% was transported by rail, 

Chemical and metallurgical: = and 3% by waterway. For about 39% of the 
Cement manufacture. 97,432 278,381 | total crushed stone produced in 1989, no 

"Lime manufacture tst—<“i‘:™*™*~*~*~™S 16,168 85,051 | means of transportation was reported by the 
Deadburned dolomite manufacture 1,366 7,441 producers, indicating that at least part of 

—Fluxsone 5,604 23,743 that production was used on-site. 

Chemical stone 458 1,911 | -——_—}. 

Glass manufacture 302 3,605 | PRICES 

Sulfur oxide removal 1,159 4,536 | —. 000 0 or 

Special: . 

“Mine dusting or acid water treatment 715 8,077 Compared with those of 1987, the 1989 
a — Aaa average unit prices of crushed stone show- 
_Asphalt fillers or extenders 1,870 13,396 | ed a slight increase of only 0.5% to $4.39. 
__Whiting or whiting substitute 1,642 69,752 | By kind of stone, the average unit prices 
_ Other fillers or extenders 4,525 81,869 | showed increases of 36% for volcanic 

Roofing granules 3,084 14,063 | cinder, 23% for marl, 8% for traprock, 4% 

Other miscellaneous uses: each for dolomite and miscellaneous stone, 
Waste material 2,017 7,039 | 3% for granite, 2% for limestone, and 1% 

Other uses not listed? 2,030 15,929 | each for marble and slate. At the same 

Unspecified: time, the average unit prices decreased by 
Actual 333,085 1,482,690 | 17% for shell, 4% for sandstone and quart- 

"Estimated 87,081 388,431 zite, and 2% for limestone. 

- Tota? ©. 1,213,400 5,325,800 As a result of rising costs of labor, 
Unda smudnankis COs BY, and mining and processing equip- 
2Includes stone used in lightweight aggregate (slate), abrasives, building products, paper manufacture, and pipe bedding. ment, the average unit value of crushed 

3Data may not add to totals shown because of independent rounding. stone increased from $1.5 8 per ton, f.o.b. 
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TABLE 14 

CRUSHED LIMESTONE AND DOLOMITE SOLD OR USED BY PRODUCERS 

| (Thousand short tons 

Concrete Bituminous Roadstone and Riprap and rail- Other construction 
State aggregate aggregate coverings road ballast uses 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

Alabama 5,197 20,217 5,154 20,432 3,390 12,595 1,213 4,667 2,818 11,159 

Alaska — — 378 3,160 511 4,268 — — 340 2,844 

Arizona . — — — — — — — — 11 124 

Arkansas 253 1,285 585 2,167 1,118 4,192 756 2,976 167 709 

California WwW W WwW WwW 1,458 3,626 W WwW 659 1,532 

Colorado WwW WwW W WwW 161 442 — — 362 767 

Connecticut — — — — — — — — — — 

Florida 23,155 127,901 6,068 29,035 19,734 58,619 606 1,990 14,661 48,407 

Georgia 3,017 15,309 376 1,984 1,276 5,599 255 1,226 1,979 9,877 

Hawaii WwW W — — 218 1,891 — — WwW WwW 

Idaho — — 29 106 369 1,227 — — WwW WwW 

Illinois 7,440 29,652 5,331 24,920 15,200 56,003 876 4,449 2,133 8,306 

Indiana 4,406 14,023 4,477 15,237 5,427 21,035 1,073 3,882 3,607 17,425 

Iowa 1,256 6,434 2,352 11,717 7,079 26,587 125 671 538 1,933 

Kansas 1,427 6,094 1,431 6,592 2,765 8,310 82 298 1,066 3,895 

Kentucky 4,209 16,074 6,095 23,220 10,396 38,869 2,153 7,841 2,377 7,983 

Maine | — — WwW W — — W WwW — — 

Maryland 1,109 5,121 428 1,956 697 3,109 86 420 576 5,300 

Massachusetts — — — — — — — — — — 

Michigan 4,072 12,294 1,063 2,671 4,967 17,196 380 1,714 2,455 8,778 

Minnesota 284 1,027 186 514 2,566 8,320 60 293 610 2,250 

Mississippi WwW WwW W W W WwW WwW W WwW WwW 

Missouri 5,900 22,425 5,406 19,789 11,290 38,118 3,896 12,138 2,315 7,105 

Montana 52 157 64 196 320 956 — — — — 

Nebraska W WwW 320 1,854 292 1,642 44 295 1,370 7,340 

Nevada — — — — — — — — — — 

New Hampshire — — — — WwW W — — — — 

New Jersey W WwW W WwW W W WwW WwW WwW WwW 

New Mexico 243 801 114 372 322 755 6 40 66 236 

New York 1,960 13,612 5,421 26,129 3,618 21,077 350 1,651 4,224 18,871 

North Carolina WwW W W WwW 159 445 WwW WwW 203 1,022 

Ohio 3,293 12,279 2,947 12,430 10,815 51,395 1,895 6,744 2,265 7,506 

Oklahoma 1,712 6,999 718 2,754 1,506 4,426 102 303 1,945 4,786 

Oregon — — W W W WwW — — W WwW 

Pennsylvania 4,923 22,676 10,141 44,874 10,133 40,474 714 3,573 3,481 15,386 

Rhode Island — — — — — — — — — _ 

South Carolina WwW W W WwW 1,429 5,795 W WwW WwW W 

South Dakota W W W WwW W W WwW W 105 390 

Tennessee 8,789 38,365 8,859 40,410 5,690 23,702 1,309 5,044 12,824 53,830 

Texas 8,484 28,686 6,728 28,957 15,306 35,003 468 2,396 2,599 6,791 

Utah — — — — — — — — 144 520 

Vermont — — — — W WwW — — — — 

Virginia 2,671 13,278 1,990 9,856 2,748 12,183 586 2,704 3,351 13,373 

Washington WwW WwW 40 168 89 325 W WwW 19 182 

West Virginia 520 1,958 475 2,056 298 1,212 40 194 1,202 5,039 

Wisconsin 1,278 4,576 727 2,588 5,670 17,759 123 734 1,063 2,793 

Wyoming 40 189 W W 232 742 W WwW 7 223 

Total: 
(excludes withheld)? 95,689 421,435 77,905 336,144 147,251 527,897 17,201 66,243 71,542 276,686 

Total withheld 1,682 9,272 2,043 6,902 499 3,434 291 1,426 1,152 7,693 

Grand total? 97,727 432,172 80,811 345,654 151,579 542,686 17,946 69,461 722 288,023 

Guam 740 8,211 40 519 100 815 10 176 173 1,413 

Puerto Rico 485 3,474 321 1,922 51 315 WwW WwW 49 318 

W Withheld to avoid disclosing company proprietary data; included with “Total withheld” and “Other uses.” XX Not applicable. =2~US~<“<s<“=~S=s=‘“‘<‘<‘<CS*‘<SCS”S”SSSSS 
ILess than 1/2. 
2Data may not add to totals shown because of independent rounding. 
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IN THE UNITED STATES IN 1989, BY STATE AND USE 
and thousand dollars) 

NN 

Cement Agricultural Lime 

manufacture ° uses manufacture Other uses Total 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

4,854 11,706 651 4,406 2,422 8,644 4,421 12,839 30,121 106,665 

— — 473 3,950 — — 189 1,580 1,891 15,801 

W W — — Ww WwW 3,958 17,498 3,969 17,622 

W W 280 1,456 — — 5,765 21,944 8,925 34,729 

17,385 : 57,501 180 2,151 WwW W 10,957 64,184 30,639 128,995 

W W W WwW Ww W 3,634 13,476 4,157 14,686 

— — WwW 264 — — 1,760 13,260 1,760 13,260 

W W 1,408 6,791 — — 8,986 41,275 74,618 314,019 

— — W WwW — — 892 4,818 7,796 38,814 

W W W W — — 431 1,709 650 3,600 

W WwW WwW W — — 562 3,241 960 4,575 

2,979 9,690 4,146 14,645 Ww WwW 22,723 109,164 60,829 256,832 

3,738 10,411 1,900 9,159 — — 11,559 45,080 36,185 136,252 

2,930 5,857 2,377 13,965 WwW W 11,320 43,659 27,978 110,824 

2,424 5,793 327 759 | WwW W 6,328 25,234 15,850 56,976 

WwW WwW 1,435 5,369 WwW W 21,717 89,301 48,382 188,658 

W W WwW WwW WwW W 1,143 5,104 1,143 5,104 

2,710 5,209 — — — — 13,948 73,321 19,554 94,436 

WwW WwW W W WwW W W WwW WwW W 

6,118 10,717 287 1,372 Ww W 20,588 64,003 39,929 118,744 

— — 221 780 — — 2,978 10,057 6,905 23,240 

— — 92 454 — — 977 3,540 1,069 3,994 

6,199 13,189 1,644 5,157 WwW WwW 12,487 45,549 49,137 163,470 

1,768 6,024 W 862 — — 476 WwW 2,680 9,135 

W W 313 2,343 — — 1,640 6,576 3,978 20,050 

W WwW W WwW Ww W 833 2,622 833 2,622 

— — — — — — W WwW WwW WwW 

— — W W — — 1,968 15,416 1,968 15,416 

W W — — — — 793 2,342 1,545 4,546 

4,457 12,433 174 1,736 = — 13,028 56,998 33,233 152,507 

W W W WwW — — 4,699 25,776 5,061 27,242 

W W 894 3,936 W W 24,209 88,619 46,318 182,909 

W WwW 42 153 — — 16,032 55,298 22,058 74,720 

WwW WwW — — — — 1,488 5,515 1,488 5,515 

8,550 39,998 1,191 10,998 1,949 12,023 30,446 160,075 71,527 350,077 

— — 15 71 — — 661 4,187 676 4,259 

— — W W — — 3,044 13,544 4,474 19,339 

W W — — WwW W 2,227 6,308 2,332 6,697 

W W 1,084 5,147 969 15,469 13,255 70,125 52,780 252,093 

7,770 19,051 385 1,832 1,046 4,499 29,723 99,020 72,510 226,236 

WwW WwW W W WwW W 3,618 15,717 3,763 16,237 

— — W W — — 1,716 7,895 1,716 7,895 

W WwW 946 7,248 743 3,819 7,447 34,205 20,481 96,667 

93 265 17 128 — — 430 5,445 688 6,511 

WwW WwW 15 90 — — 7,304 26,931 9,854 37,480 

—_ — 507 3,295 WwW WwW 11,622 34,805 20,991 66,550 

W W — — () 5 1,216 4,961 1,496 6,120 

71,976 207,845 21,004 108,517 7,130 44,459 345,198 1,452,216 854,896 3,442,116 

20,164 57,541 952 5,436 10,404 48,016 1,053 9,831 1,053 9,157 

92,140 265,386 22,777 116,975 17,535 92,580 XX XX 855,900 3,451,300 

— — —_ — — — — — 1,063 11,133 

1,798 7,258 14 126 — — 2,361 14 5,084 27,187 
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TABLE 15 plant, in 1970 to $4.39 in 1989. However, 
CRUSHED LIMESTONE AND DOLOMITE SOLD OR USED eel bee ead Seon te 
BY PRODUCERS IN THE UNITED STATES IN 1989, BY USE Fhe es een $3.48 and $ Po ity 

(Thousand short tons and thousand dollars) achieved through increas ed tise of automa- 

ws << ————<—— = | tion and more efficient equipment was 
Use ____Limestone _—_—Dolomite____ | mainly responsible for these trends. 

——_______________________Quantity"—Value___—Quantity_—_—Value_ | Despite having one of the lowest average 
Coarse aggregate (+ 1% inch): per ton values of all mineral commodities, 

Macadam 71 26,970 892 3,437 | the constant dollar price of crushed stone 
_Riprap and jetty stone 12,300 48,612 603 2,213 | has changed relatively little over the past 
Filter stone S852 22,760 63 284 | 20 years. Increased operating costs have 

_Other coarse aggregate 1,465 4,134 W W | been mostly offset by automation and other 
Coarse aggregate, graded: means of increasing operating efficiency. | Concrete aggregate, coarse 76,799 340,740 6,351 23,230 Constant dollar prices are expected to rise 

Bituminous aggregate, coarse 43,839 190,816 3,940 14,832 | in the future because of increased energy 
Bituminous surface-treatment aggregate 14,470 63,848 1,371 5,937 | costs and more stringent environmental and 
Railroad ballast 3,878 14,246 711 2,596 land use regulations. 
Other graded coarse agggregate 1,324 3,399 — — 

Fine aggregate (-3/8 inch): ee 
Stone sand, concrete 12,852 59,622 381 1,666 FOREIGN TRADE 
Stone sand, bituminous mix or seal 12,142 48,175 1,222 4,311 | —.—0—__0_—_——_....wvnn . 
Screening, undesignated 19,319 71,7713 426 1,762 The wi despread distribution of domestic 

Coore and fom tes: 023 2,48! W W crushed stone deposits and the high cost of 

Graded road base or subbase 110,025 392,120 7,136 24,852 | “ansportation limits foreign trade mostly “Unpaved road surfacing. =O 20,264 76,917 793 2.661 to local transactions across international 

Terrazzo and exposed aggregate 2,874 16,284 | ) (*) boundark Cs. U.S. "e tos wea ste ne the 
Crusher run or fill or waste | 31,371 116,119 1,158 4,617 sma", rep resenting eS5 an Wl) 7 OF the 
Other coarse and fine aggregates 530 1,589 41 129 domestic consumption. However, 
Other construction materials? 10,684 38,502 256 1,065 | Shipments of crushed stone by water from Agricultural: 2 Canada and Mexico are increasing. 

Agricultural limestone 16,286 73,036 2,648 16,247 
Poultry grit and mineral food 2,362 21,115 () ( | Exports 
Other agricultural uses 812 3,911 101 853 Exports of crushed stone increased 7.1% 

Chemical and metallurgical: to 3.9 million tons compared with 1988, 
Cement manufacture 91,537 264,028 603 1,359 | while value decreased 23.2% to $23.3 
Lime manufacture 15,827 83,641 341 1,393 | million. About 96% of the exported crush- 
Dead-burned dolomite manufacture 72 278 1,294 7,162 | ed stone was limestone, Canada being the 
Flux stone 4,713 19,636 707 2,556 | major destination with 98% of the total. 
Chemical stone 458 1,911 — — 
Glass manufacture 266 3,063 WwW w | Imports 
Sulfur oxide removal 1,159 4,536 — — Imports of crushed stone increased 

Specials 34.2% to 4.4 million tons compared with 
Mine dusting or acid water treatment 674 7,433 WwW W 1988, while the value increased 241% to 
Asphalt fillers or extenders 1,639 11,727 — — | $35.6 million. About 78% of this tonnage 

_Whiting or whiting substitute 665 11,344 — — | was limestone, 58% of which came from 
Other fillers or extenders 2,085 50,304 1,025 10,136 Canada, 23% from the Dominican 

—Roofing granules Wy 3,483 — — | Republic, and 16% from the Bahamas. 
Other miscellaneous uses: Imports of natural calcium carbonate 
_Waste material 2,015 7,024 fines showed a drastic decrease, most pro- 

Other uses not listed 4381 5,750 5757 6,208 bably owing to some reporting errors to the 

Unspecified’® U.S. Bureau of the Census that could not 
Actual 224,352 900,919 12,883 63,676 | be identified by the time this chapter was 
Estimated 053,495 _ 216,070 3,003 13,774 | published. About 88% of processed 
roa 806,600 __ 3,234,300 49,300_217,000 | calcium carbonate was imported from W Withheld to avoid disclosing company Proprietary data: included with ‘‘Other uses not listed.’’ Fr ance. 

Included with ‘‘Other construction materials. 

sriciudes stone used in drain fields. Shipments of crushed stone from the 
‘Includes stone used in abrasives. paper manufacture, and pipe bedding. Bahamas, Canada, Nova Scotia, and Mex- 

veces pecs yh au and fn nergy, ase mamsfecre, nd mine ang or aed wer eet ico, into the United States continued in "Data may not add to totals shown because of independent rounding. 1989. The imported crushed stone, used 
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TABLE 16 | TABLE 17 

CRUSHED MARBLE SOLD OR CRUSHED GRANITE AND TRAPROCK SOLD OR USED BY 

USED BY PRODUCERS IN THE PRODUCERS IN THE UNITED STATES IN 1989, BY USE 
UNITED STATES IN 1989, BY USE (Thousand short tons and thousand dollars) 

(Thousand short tons and thousand dollars) 

ee Granite Traprock 

Use Quantity Value Use Quantity Value Quantity Value 
Coarse aggregate (+ 1% inch): Coarse aggregate (+ 1% inch): 

__Riprap and jetty stone 6 312 | "Macadam 538 3,389 1,111 5,391 
_Filter stone 6 13 | ~Riprap and jetty stone 5,351 31,409 2,285 19,284 
Coarse aggregate, graded: Filter stone 1,500 7,798 813 4,642 

vwrorernte exposed 62 1,658 Other coarse aggregate — — 370 2,868 

Crusher runor fill Coarse aggregate, graded: 

or waste 61 261 Concrete aggregate, coarse | 20,520 115,569 - 6,530 37,811 

Special: Whiting or whiting Bituminous aggregate, coarse 14,386 84,385 5,652 31,972 

Substitutes «977 58,408 | “Bituminous surface-treatment aggregate 3,238 —«-20,605 2,158 10,891 
Other miscellancous uses 356 17,847 | _Railroad ballast 8,461 37,766 2,411 12,418 
Unspecified? OS™ Fine aggregate (-3/8 inch): | 

Actual = ©=—OOt~CS 10,136 56,090 Stone sand, concrete 3,307 17,089 795 6,196 

Estimated 117. 2,892 Stone sand, bituminous mix or seal 3,531 16,706 1,366 6,781 

Total? } 12,200 137,500 Screening, undesignated 10,013 46,198 1,368 4,750 

‘Includes agricultural stone, other fine aggregates, other fillers or Coarse and fine aggregates: 

__ | extenders, and roofing granules. Graded road base or subbase 28,249 134,566 18,330 77,639 
2Includes production reported without a breakdown by end use _—_—_——— 

and estimates for nonrespondents. Unpaved road surfacing 2,558 9,265 3,430 14,332 

pa may not add to totals shown because of independent Crusher run or fill or waste 12,438 58,454 3,128 11,691 
ae Other construction materials! 4,650 26,457 6,630 44,484 

Agricultural: Poultry grit and mineral food 697 3,674 — — 

Special: 

mostly as construction aggregates, was Asphalt fillers or extenders W W 121 884 

distributed in Florida, Louisiana, New Roofing granules WwW W 756 4,106 

York, North Carolina, South Carolina, and | Other miscellaneous uses not listed? 2,678 8,096 914 3,917 
Texas. This trend is expected to continue | Unspecified:3 | 
and the volume of imports to increase. “Actual Ot—=<CSst—CtsSS a 38,469 208,359 26,349 138,530 

Estimated 7,850 35,162 14,644 85,681 

Total* 168,400 865,000 99,200 524,300 

WORLD REVIEW W Withheld to avoid Gnclosng propicary da ncaded with “Other wes, noting” —=~SCSC~<S*S~S 
MIncludes terrazzo and exposed aggregates and other coarse and fine aggregates. 

2Includes other fine aggregates, lime manufacture, and other fillers and extenders. 

Canada 3Includes production reported without a breakdown by end use and estimates for nonrespondents. 

‘Data may not add to totals shown because of independent rounding. 

The 1988 production of stone in Canada 
was 122 million metric tons, a decrease of 

2.3% over the 1987 total, valued at $642 | United Kingdom produced in 1989, a 6% increase compared - 
million. About 98% of this output was | __ | with that of 1988, of which 170 million tons 
crushed stone. The Province of Ontario The 1988 production of crushed stone in | was ysed for construction purposes. 
continued to be the largest producer of | the United Kingdom (Northern Ireland not 
stone, with 58.5 million tons valued at $313 | included) was 184 million metric tons, of | ———————______________ 
million, followed by Quebec with 46.5 | which 161 million tons was for construc- | CURRENT RESEARCH 
million tons valued at $235 million. The | tion purposes, as reported by the British | ———————_____—_____- 
two Provinces accounted for 86% of the | Aggregate Construction Materials Industries 
total stone production. Preliminary | Association (BACMI). About 67% of this The 5-year $150 million Strategic High- 
estimates for 1989 stone production in- | output was limestone and dolomite. South | way Research Program (SHRP) reached its 
dicate a decrease of 2.3% to 122 million | West was the largest producing region with | midpoint in 1989. Management of ongoing 
tons, but an increase in value to $633 | 40.5 million tons, followed by East | research, rather than the initiation of con- 
million. The Provinces of Ontario and | Midlands with 40.4 million tons and Wales | tracts, became the focus of SHRP’s ac- 
Quebec continued to be the largest pro- | with 25 million tons. Preliminary estimates | tivities. SHRP’s mission is to produce 
ducers of stone with about 86% of the total | made by BACMI indicate that a total of 195 | usable research results targeted toward 
output. million metric tons of crushed stone was | technical areas where there is potential for 
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TABLE 18 performance tests. The Texas A&M 

CRUSHED SANDSTONE AND QUARTZITE SOLD OR USED aimee a rompare the ¢ ese en om 
BY ease A NONE ED STATES IN 1989, BY USE of six preventive maintenance methods to 

) be tested under various climate and traffic 
conditions. The performance of the 

Sandstone Quartzite maintenance methods will be monitored 
Use Quantity Value Quantity Value | Over 5 years at specially constructed side- 

Coarse aggregate(+14inch: by-side test sections on inservice roads 

C—O throughout the country. 
Macadam . 13 60 — — . . 
oe Snow and ice control is another area of 
_Riprap and jetty stone 872 7,321 32 124 | interest for the highway operations pro- 
_Filter stone 722 2,821 3 16 | sram. The Department of Mechanical 
_Other coarse aggregate 30 250 — — | Engineering of the University of Wyoming 
Coarse aggregate, graded: is using computer simulation, model 

Concrete aggregate, coarse 1,383 7,474 760 3,914 | studies, and full-scale prototyping to 

Bituminous aggregate, coarse 2,688 13,578 174 915 | design and test more efficient and flexible 

Bituminous surface-treatment aggregate 516 2,750 146 814 | snow and ice control equipment and 

“Railroad ballast ——SSS™~CS~«sii 8 w w | methods. a 
Fine aggregate (3/8 inch): | The University of Washington is develop- 

“Stone sand, concrete 2 963 4,877 14 35 | ing a rapid laboratory test method for iden- 
"Stone sand, bituminous mixor seal —=—i<“‘ém:*SSCC 692 91 299 | ying aggregates that are susceptible to 
————_§_ oem —- freeze-thaw damage. Concrete bridge cor- 
_Screening, undesignated 192 2,671 ? 18 | rosion is a major problem affecting a large 
Coarse and fine aggregates: | number of structures around the country. 
_Graded road base or subbase 5,608 22,287 751 3,658 | The evaluation of the effectiveness of elec- 

Unpaved road surfaces 324 1,576 WwW W | trochemical chloride removal technology, 
Crusher run or fill or waste 1,781 5,092 6 18 | an experimental but promising technique 

Other construction materials 238 1,223 WwW W | for extracting chloride from concrete us- | | 

Chemical and metallurgical: ing electrical current, is advancing under 
~ Cement manufacture 270 990 W w | SHRP’s concrete and structures program. 
Fluxstone 53 279 Ww Ww SHRP’s long-term pavement perfor- 

Special: Other fillers or extenders SOS _ _ ) 13 | Mance (LTPP) program is a first-ever 

Other miscellaneous uses not listed 105 615 1,292 7,881 | Major effort to measure pavement perfor- 
ooo mance in different climate and soil condi- 

Unspecified: | _ | tions at about 1,000 inservice test sections 
Actual 5,495 28,200 2,047 6,778 | in all 50 States and in Canada. The LTPP 
_HEstimated 0 9T_10,329 _340  —_2,726 | program has been planned to run for 20 

Total 726,200 121,500 5,700 27,200 | years, with SHRP being funded to conduct 
Ww Withheld to avoid disclosing company proprietary data: included with ‘‘Other miscellaneous uses.”’ the first 5 years of data-gathering and 

Fetus podson erred wit» bedown by oda an esis or oneyondets analysis. The data collected as part of the 
| SHRP program are expected to provide suf- 

ficient information to refine pavement 
rapid progress that could yield significant The concrete and structure program in- | design that will significantly improve the 
cost savings. The four areas of research are | cludes research in the area of improved | performance of new pavements. 
asphalt, concrete and structures, highway | concrete materials and corrosion of con- The Third International Symposium on 
operations, and long-term pavement | crete structures. Under this program, a | Unbound Aggregates in Roads was held on 
performance. rapid laboratory test that will determine ag- | April 11-13, 1989, at the University of Not- 

SHRP’s main objective in asphalt | gregate reactivity in less than 2 weeks has | tingham, United Kingdom This sym- 
research is to produce new performance- | been developed. Current tests require 9 | posium was dedicated entirely to the 
based specifications for asphalt binders* A | months to 3 years. utilization and characterization of unbound 
wide range of advanced materials About $20 billion is spent on highway | aggregate bases. 
characterization techniques such as nuclear | maintenance in the United States each year, Some of the topics discussed at this 
magnetic resonance and spectroscopy and | representing about one-third of total | year’s symposium were: the in situ testing 
computer-aided tomography (CAT) scans | highway spending. This expenditure is | of compacted pavement layers; innovative 
are being tested. The CAT scan research | growing at a rate of about 9% annually. | methods for placing unbound aggregates to 
conducted at the University of Southern | More cost-effective maintenance methods, | obtain a more uniform end product with a 
California at Los Angeles could provide a | equipment, and materials are badly | leveled surface; and the use of vibrating 
powerful new nondestructive test technique | needed. SHRP is addressing this problem | hammers or computerized vibratory rollers 
for diagnosing problems in asphalt | through its highway operations program by | for compacting both unbound base material 
pavements. conducting a series of nationwide field | and asphalt concrete. 

998 CRUSHED STONE MINERALS YEARBOOK—1989



a 

TABLE 19 In response to growing concern over rut- 

CRUSHED VOLCANIC CINDER AND SCORIA SOLD OR USED ting of asphalt concrete pavements, in July 
1987, the American Association of State 

BY PRODUCERS IN THE UNITED STATES IN 1989, BY USE Highway and Transportation Officials 

(Thousand short tons and thousand dollars) (AASHTO) organiz eda joint task force of 

a Federal, State, and industry representatives 

Use Quantity Value | to study the problem. Participating agen- 

Coarse aggregate (+ 1% inch): Other coarse aggregate! 102 214 | cies included AASHTO, the National 

Coarse aggregate, graded: Asphalt Pavement Association (NAPA), the 

Concrete aggregate, coarse | 48 241 Asphalt ; Institute, the National Stone 

Pairoad ballast ~~ ~=CSst—“—sSssSsSsSsSststsSSSSS 5 10 Association (NSA), the National Ag- 

Fine aggregate (3/8 inch): Stone sand, concrete ~Ct«<“‘é 2,204 | SteBates Association (NAA), the construc 
SE SLEEP -EREpIgSEES ES tion Industry Manufacturers Association 

Coarse and fine aggregates: (CIMA), the National Cooperative 

_Graded road base or subbase 422 992 | Highway Research Program (NCHR), 

_Unpaved road surfacing: 343 591 | SHRP, and the Federal Highway Ad- 

Terrazzo and exposed aggregate 87 1,790 | ministration (FHWA) About 70% of all 

Other construction materials? 374 1,631 | paved public roads and streets and 57% of 

Special: Roofing granules 20 141 | the interstate highways are surfaced with 

Other miscellaneous uses not listed? 117 663 | flexible pavements (asphalt). Asphalt con- 

Unspecified:* crete rutting is a longitudinal deformation 

Actual —Ot—<“ts~=sts‘sSsSsS 8.201 | that develops under the action of channeliz- : 

“-sumaedSCtCt“‘=Ss‘SS 501 3.503 | ed loads. It occurs because of consolida- 

Tou 8600 ——— | tion or shear failure in the subgrade or 
otal 3,600 20,200 

nudes tiprap and jeny sone anderson CCC‘; (Ct*t pavement structure. Aggregates make up 

2Includes crusher run or fill or waste. about 95% of the weight of asphalt con- 

Includes screening, undesignated. crete and provide most of the pavement’s 

etn yoann pried i» tenes enero load carrying capacity. The quality and 
physical properties of aggregates, especial- 

) ly gradation, are critical in preventing 

FIGURE 2 | rutting and in improving pavement perfor- 

mance in general. One way to make a mix 

TOTAL PRODUCTION AND UNIT VALUE IN ACTUAL AND 1970 more resistant to rutting is to increase fric- 

CONSTANT DOLLARS OF CRUSHED STONE IN THE tion between the particles by using more 

UNITED STATES FOR 1970-89 crushed aggregates. FHWA Technical Ad- | 
visory T5040.27 recommends that natural 

4250 45 sands be limited to 15% to 20% of the total 

= 4 weight of aggregates for high-volume 

1200+ | Production roads. Another gradation problem that 

4 4 causes rutting is an excessive amount of 

4150-1] | Unit Value minus No. 200 material in the mix. 

ye FHWA’s technical advisory recommends 

Unit Value/Const. $ 35 ws that mixes be designed with dust to asphalt 

2 1100 c ratio between 0.6 and 1.2. The task force 

Oo & final report was published in February 

F 41050 a. 1989. It concludes that most of the causes 

5 3. a of rutting are known, and the solutions to 

<= 1000 O the rutting problem are now available. The 

Y) ~ report also indicates that FHWA Technical 

S 950 25 2 Advisory T5040.27, “Asphalt Concrete Mix 

= a = Design and Field Control,” is a state-of- 

= the-art technical document. 

= 900 2 Oa About 240,000 highway bridges in the 
United States are currently classified as 

850 [ “structurally deficient,’ mainly because of 
\/ 1.5 bridge-deck deterioration. Reinforced con- 

800 crete bridge decks and piers are particularly 
vulnerable to salt penetration. The salt af- 

750 | fecting the reinforced concrete structures 

1970 1975 1980 1985 1989 comes from deicing salts as well as from 
seawater. The combination of chloride ions 
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| TABLE 20 estimated that the demand for crushed 
CRUSHED MISCELLANEOUS STONE! SOLD OR USED BY PRODUCERS They rojec reach 1d billion On art 

| IN ED oe ae BY USE by construction activity primarily in the 
public construction sector. 

ee The release of the Department of 
| Use Quantity Value | Transportation comprehensive report on 

Coarse aggregate (+ 1% inch): } national transportation policy® indicates 
"Macadam 2—s—=~—CSti‘_SOCOSTSTTTSCStCSSSS 125 329 | that a significant increase in the volume of 
" Riprap and jetty stone 2=2=2=2~2~O~CS*é<“<‘<“‘<‘~S*C“‘<‘<CSSSSS 332 2,089 | Work on the infrastructure should be ex- 

| "Filter tone 85 277 | pected in the next 5 to 10 years. The value 
Course ageregate. giaded) of public construction work as part of the geregate, gra 

— gross national product has declined con- 
Concrete aggregate, coarse 1,481 °.729 | stantly from about 3% in the 1950’s and Bituminous aggregate, coarse 2,053 19,289 | 1960’s to less than 2% in the 1980’s. If this 

_Bituminous surface-treatment aggregate 256 1,209 | trend begins to reverse in the 1990’s, a 
Railroad ballast 653 3,397 | significant increase in spending for public 

Fine aggregate (-3/8 inch): construction work could be expected that 
Stone sand, concrete 1,221 3,176 | will dramatically. alter the above forecasts. 
Stone sand, bituminous mix or seal 202 886 Crushed stone f.0.b. prices are not ex- 

_ Screening, undesignated == == 2 71 277 | pected to increase significantly, even if the 
Coarse and fine aggregates: 2 2 demand for construction aggregates will 
~ Graded road base or subbase. 8 380 26,360 | Tise over the forecasts. However, the 

ass II i_»- ae delivered prices of crushed stone are ex- Unpaved road surfacing 734 4,259 . . . ~ ‘Terrazzo and exposed aggregate.2#*«8™COCSCSCSSSSS 437 2.106 pected to increase, especially in and near 
ee metropolitan areas, mainly because more Crusher run or fill or waste 2,014 4,758 aggregates are transported from distant 

Other construction materials? 1,454 4,237 | sources. 
Agricultural: Other agricultural uses 3 6 
Chemical and metallurgical: Cement manufacture 4,857 10,843, |§ ———__ 

Special: | BACKGROUND 
Other fillers or extenders 566 a 
Roofing granules 103 877 oo Other miscellaneous uses not listed? ==S*=CSCSsS 405 4,537 Crushed stone is a term applied to rock 

Unspecified: =2=~C~*~C“<s<“CSCSCS that has been broken and/or crushed after 
Actual 12,614 73,825 | quarrying. It is a low-value product 

“Estimated 4.150 16.246 characterized by its place value,” a term 
ee ——— | that describes the importance of the loca- 

— Tot 842,200 178,900 tion of the geologic deposit in reference to 
Tlie one ne and fine aggregate the market. Stone in its multitude of forms 
“Includes poultry grit and mineral food and lightweight aggregate (slate). repr esents a very significant part of the 
‘Includes production reported without a breakdown by end use and estimates for nonrespondents. Earth’s crust. As one of the most accessi- 
*Data do not add to total shown because of independent rounding. _ ble natural resources, it has been us ed since 

the earliest days of our civilization. First 
used as a tool or weapon, it was then used 
as a construction material, and later, in its 

from the salt, reinforcing bars, and | —————————————_——_———— _ | crushed form, as one of the basic raw 
moisture leads to an electrochemical pro- | OUTLOOK materials for a wide variety of uses, rang- 
cess that causes the rebars to corrode and. | —-———————______—_ ing from agriculture and chemicals to com- 
expand in size. As the bars expand, they plex industrial processes. 
exert internal pressure on the concrete, The demand for crushed stone in 1990 The beginnings of the crushed stone in- 
which splits along the rebars and leads to | is expected to be about 1.2 billion tons, at dustry are difficult to trace, but it is known 
rapid deterioration of the concrete. The | about the same level as in 1989. The | that the Greeks, and later the Romans, the 
deterioration process of reinforced concrete | weakness in the nonresidential and | first great road builders, used limestone 
can be significantly reduced through | multifamily residential building construc- | and lime extensively? The modern crush- 
cathodic protection that reverses the flow | tion markets is expected to be compensated | ed stone industry began in England in about 
of electrical current developed when cor- | by a stronger demand in road construction | 1815 and expanded rapidly after the inven- 
rosion occurs. Several anode systems for | and repair work. Gradual increases in de- | tion of the mechanical rock crusher in 
cathodic protection of bridges now | mand for construction aggregates are an- | 1858.!° 
available were evaluated in two reports | ticipated after 1990, based on increased In the United States, railroad ballast was 
published by FHWA volume of work on the infrastructure. It is | the principal market for the crushed stone 
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TABLE 21 
TABLE 22 

CRUSHED STONE SOLD OR USED BY TIME-PRICE RELATIONSHIP FOR 

PRODUCERS IN THE UNITED STATES IN 1989, CRUSHED STONE | 

BY REGION AND METHOD OF TRANSPORTATION 

(Thousand short tons) Actual Unit price in | 

Year unit 1982 constant | 

Region Truck Rail Water Other Unspecified Total! price dollars 

Nouba 
1970 $1.58 $3.76 

New England 8,078 223 — —-.2,028 19,843 30,172 | 97h 

Middle Atlantic 104,350 ‘1,718 _ 4,867 43,486 154,421 | 1972 

Midwest: 
w973 BO 

East North Central 97,851 4,971 19,202 12,004 77,550 aiis79 | 1974200 

West North Central 60,297 2,244 7,836 13,156 29,097 112,631 | 1975 
South 

1976 2.35. 3.72 | 

South Atlantic 178,486 20,895 3,903 36,899 76,124 316,306 | 1977 4 

East South Central 719,159 4,053 6,244 14,023 30,403 134,482 | 1978 48 

West South Central 47,573 12,098 41 26,203 40,079 125,995 | 1979 299 

Wet SSS 1980 3.32 3.87 

Mountain 18,958 1,684 — 3,111 8,413 32,166 | 1981 8B 

Pacific 55,023 2,874 2,508  — 8,362 26,912 95,679 | 198258698 

Total! | 650,400 50,800 39,700 120,600 —351,900__1,213,400 1983887 8 

‘Data may not add to totals shown because of independent rounding. | 1984° 3.93 3.65 : 

1985 4.05 3.65 

1986° 4.16 3.66 

: 1987 4.37 3.91 2 

industry during the last half of the 19th cen- | Other uses include cement and lime yes 4378 

tury. Passage of the Federal Aid Highway | manufacture, agriculture, metallurgical yso 439 

Act in 1916 acknowledged the national im- | flux, and fillers and extenders. “Estimated. | 

portance of highways, and subsequent Although crushed stone resources are : 

highway construction created a new and | widespread and in adequate supply in most | 

significantly larger market. The crushed | parts of the United States, local shortages | calcite, CaCO;, and dolomite, CaMg 

stone industry grew tremendously, especial- exist..Land use conflicts and environmen- | (CO3)2; however, they are usually called 

ly in the second half of this century. Pro- tal problems associated with rapid urban limestone by the industry, and intermediate 

duction increased from 130 million tons in | expansion are major factors contributing to | varieties are seldom distinguished. Some 

1928 to a high of 1.25 billion tons in 1988, | these shortages. Demand pressures, land | deposits of limestone consist chiefly of the 

mainly owing to rapidly increasing demand | use regulations, and the cost of meeting en- mineral aragonite, which has the same 

for highway, railroad, and other construc- vironmental and reclamation requirements | composition as calcite, but has a different 

tion work. Today the volume of crushed and | are factors that will cause a rising price | crystal structure. Marble may include any 

broken stone produced is greater than that | trend. Larger operations with more effi- | calcareous rock that will accept a polish. 

of any other mineral mined in the United cient equipment, more automation, and Marl is calcitic and contains varying 

States. The United States is, in general, self- | better planning and design will be the trend | amounts of shale or clay. Granite includes _ 

sufficient in crushed stone, producing | of the industry in the future. the coarser grained igneous rocks such as 

enough to meet most of the domestic needs. true granite and syenite. Gneisses, although 

Small quantities of crushed stone, used Definitions, Grades, and Specifications | metamorphic rocks, are usually included 

mostly as construction aggregates, are be- with granite. Quartzite is a well-cemented 

ing imported by water from the Bahamas, Crushed and broken stone is a term ap- | sandstone that is indurated to the extent 

Canada, Mexico, and to a smaller extent | plied to rock that has been broken and/or | that, when fractured, it breaks across the 

Scotland, United Kingdom. crushed into smaller, irregular fragments, grain. Traprock includes all dense, dark, 

Crushed stone is used mostly for con- | or ground to specified particle sizes. | and fine-grained igneous rocks such as 

struction purposes, mainly as aggregate | Crushed stone is also classified by kind of | basalt, diabase, and gabbro. 

with or without a binder. Road base or road | stone, including limestone, dolomite, mar- Crushed stone in its different rock types 

surfacing material, macadam, riprap, and | ble, shell, granite, traprock, sandstone, | and particle sizes is used in a wide variety 

railroad ballast are the major uses without | quartzite, slate, volcanic cinder and scoria, | of applications in many industries, in- 

a binder. Aggregate for cement and | and miscellaneous stone. The terminology | cluding construction, chemical, metallurgi- 

bituminous concrete in highway and road | used by the crushed stone industry is not | cal, and agriculture. For the purpose of 

construction and repair and in residential | always consistent with mineralogical defini- | collecting and disseminating production in- 

and nonresidential constructions are the | tions. Limestone and dolomite are rocks | formation, the Bureau of Mines generally | 

major uses for aggregates with a binder. composed, respectively, of the minerals | accepts the rock type classification and the 
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TABLE 23 

NUMBER OF CRUSHED AND BROKEN STONE OPERATIONS’ 
| AND PROCESSING PLANTS IN THE UNITED STATES | 

IN 1989, BY STATE 

Mining operations on land 
Ce . Total State Stationary No plants Dredging active 
Stationary Portable and or operations tions 

portable unspecified opera 
Alabama 44 3 — — 1 48 Alaska 5 | 5 1 4 — 15 Arizona 15 5 1 7 — 28 | Arkansas 29 12 3 2 — 46 California 115 29 6 . 23 1 174 Colorado 19 8 2 5 — 34 Connecticut 16 —_ — 1 — 17 Florida 36 39 12 12 14 113 Georgia 72 5 — — — 77 | Hawaii 9 7 2 5 _— 23 Idaho 8 27 2 — — 37 Illinois 90 68 12 5 — 175 Indiana 71 6 2 1 1 ~ 8i Iowa 50 223 2 18 — 293 Kansas 35 88 1 6 — 130 Kentucky 73 12 1 4 — 90 Louisiana 1 1 — — 5 7 Maine 4 5 1 — — 10 Maryland 18 10 — 2 1 31 Massachusetts 12 9 2 3 — 26 Michigan 18 12 2 4 1 37 Minnesota 10 28 — — — 38 Mississippi 5 2 — — — 7 Missouri 132 77 9 3 — 221 Montana 7 3 — 1 — 23 Nebraska | | 11 3 ~ 1 ~ 15 Nevada 7 5 1 1 — 14 New Hampshire 5 3 — — — 8 New Jersey 13 3 8 1 — 25 New Mexico 18 19 2 — — 39 New York 73 8 5 3 — 89 North Carolina 80 2 4 2 — 88 Ohio 99 7 1 9 2 118 Oklahoma 52 4 4 2 — 62 Oregon 44 47 5 18 — 114 Pennsylvania 144 23 17 16 — 200 Rhode Island 4 — 1 — — 5 South Carolina 24 1 2 7 — 34 South Dakota 4 4 — 5 — 13 Tennessee 104 7 3 10 — 124 Texas 74 68 11 32 — 185 Utah 10 6 — — — 16 Vermont 7 4 — 3 — 14 Virginia 86 4 5 «43 — 108 Washington 24 62 4 32 — 122 West Virginia 27 7 3 8 = 45 Wisconsin 31 115 3 46 — 195 Wyoming 6 5 1 — — 12 Total 1,841 1,093 141 315 26 3,416 "An undetermined number of operations leased from the Bureau of Land Management in Alaska are counted as one operation. 
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TABLE 24 standardization of aggregate sizes for 

U.S. EXPORTS OF CRUSHED STONE IN 1989, BY DESTINATION similar requirements. A need exists for a 
(Short tons) more active interchange of data and ex- 

perience among aggregate consumers and 

|} producers. 

— Limestone Specifications for limestone used in 

Destination Limestone! for cement Other Total portland cement manufacture require a 

So arfacturing «| content of more than 75% calcium car- 

North America: bonate (CaCO;) and less than 3% 

Bahamas 2,230 — 332 2,562 | magnesium carbonate (MgCO;). For white 

Bermuda — 15,412 1,002 16,414 | portland cement, the iron content of the raw 

Canada 3,436,706 233,037 - 109,249 3,778,992 | materials should be very low, less than 

Mexico 47,602 466 6,915 54,983 | 0.01%. Because raw materials are finely 

Othr 1,091 24 292 1,407 | ground for processing, chert nodules or 

Toa tCS~SsSsSststS«S 487,629 248,939 117,790 3,854,358 | Coarse quartz grains are undesirable. 

South Amercaett—(“‘i‘i‘s™S™~S th America: ——+> — — ———=— | Limestone for lime manufacture should 

ee 
contain more than 90% calcium carbonate, 

Chile 596 ~~ — 596 | often more than 97% or 98%, less than 5 % 

_ Venezuela 133 — — 133 | magnesium carbonate, and less than 3% of 

Other 319 = 38 357 | other impurities. For lime produced in ver- 

Total 1,048 — 38 1,086 | tical kilns, 5- to 8-inch stone is recom- 

Europe: — OO — = | mended, while in rotary kilns 3/8- to 

France 9... _ _ 6 76 | 2'4-inch stone may be used. Limestone and 

Germany, Federal Republic of ___ 4,975 136 21,058 26,169 | dolomite should be sufficiently hard so as 

Nobsiand _ | _ \ ; | not to decrepitate when heated. High- 

“United Kingdom 361 388 303 1552 magnesium lime made from dolomite 

—— ’ should contain more than 40% magnesium 

Other i __1 __206 ___ 711 | carbonate. 

_ Total __ 8828 __>2) 21,644 = _- 28,509 | — Specifications for the use of limestone or 

Asia: 
dolomite as fluxstone vary with the 

Japan 13 7,988 13 8.014 | pyrometallurgical process, the kind of ore 

Korea, Republic of _ 44 740 7g4 | processed, and the final use of the slag; 

Taiwan Ot<‘i=sSSS—S—S _ _ 244 744 | Silica content should not exceed 2% to 5 %, 

Chr 49 330 4.616 4.995 | Magnesia content should be less than 4% 

Te OOOO TDD 32 — ——— | to 15%, and sulfur less than 0.1%. Size 
Total 62 8,362 5,613 14,037 . . . 

————_.. rr 2 — —— —— ——*——-. | specifications also vary and include ranges 

Oceania 387 460 91 938 | from 1 to 4 inches, 2 to 4 inches, and 3 

Middle East and Africa = 97 1,045 1,142 | to 6 inches. The limestone or dolomite used 

Grand total 3,495,454 258,395 146,221 3,900,000 | for glass making should contain at least 

Total value thousands $13,190 $2,628 $7,527 $23,345 | 98% CaCO; or MgCOs, respectively, and 

MIncludes ground limestone. 
less than 0.05% to 0.02% iron oxide. Size 

Source: U.S. Bureau of the Census. specifications vary with the manufacturer 

and the kind of glass being produced, but 

uniformity is a major requirement, usual- 

ly 100% of the material should pass 

principal end uses and their definitions as | vary from State to State. The most com- Number 10 sieve (2 millimeters) and 96% 

reported by the crushed stone producers. | mon specifications and tests relate primari- | to 100% should be retained on a Number 

Specifications for crushed stone are | ly to gradation, but soundness, shape, | 100 sieve (0.15 millimeters). 

numerous because of the large number and | abrasion resistance, porosity, chemical Requirements for agricultural limestone 

the variety of uses, the diversity of stone compatibility, and content of soft particles | are not very rigid and depend on the 

types, and the variations in physical and | are also important? Specifications for con- | specific use: as direct application to soil, : 

chemical requirements for different uses. | struction aggregates are written by com- | as filler and conditioner for fertilizers, in 

Various national specifications and tests ex- | mercial users, government agencies in- | animal mineral feeds, or as poultry grit. In 

ist for crushed stone products, but the most | cluding Federal, State, county, and city | all of these applications, CaCO; or MgCO; 

active organizations in preparing and | construction and highway departments, and | equivalent or content is of major 

reviewing them are the American Society | the ASTM. Problems arise for the pro- | significance. Many individualized 

for Testing and Materials (ASTM)!! and | ducers of construction aggregates when | specifications exist for a wide variety of in- 

AASTO. For construction aggregates, these | their product is sold or used in several dif- | dustrial applications, mostly pulverized 

are regarded by industry as guide or | ferent cities, counties, or States, many of | limestone for rock dusting, or as asphalt, 

reference specifications. State specifica- | which may have different specifications. | plastic, rubber, paper, or paint fillers or 

tions are often much more stringent and | Some progress is being made toward the | extenders.!* 
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TABLE 25 ding urban areas. Crushed stone is produc- | 
U.S. IMPORTS OF CRUSHED STONE AND CALCIUM ne te the tional? ou 

CARBON ATE a ENES De, olan ing from two major geographic regions, the | 
South and Midwest. The largest quarries 
tend to be concentrated in the States with 

| 1988 1989 the largest population and largest produc- Type Customs Customs | tion of crushed stone.!4 
Quantity value Quantity value Although limestone is produced in all Crushed stone and chips) ~~ States except Delaware, Louisiana, New 

Limestone! SOtOCSCS<7T;P 358 1,404 1,076 6,955 Hampshire, and North D akota, the Major 
Limestone for cement manufacturin — — 2,311 19,464 P roducing States are east of the Rockies. & ? , Marble. breecia 3 166 _ ___ | Crushed marble is produced mostly in the a ea 

eastern part of the United States in Quarizite 100 1,686 14 854 | Alabama, Georgia, and Pennsylvania. Slate 7 167 — — | Crushed granite is produced primarily in Other (2,778 11,393 __ 950 8,359 | Appalachia, with Georgia, North Carolina, Total? 3,244 14,815 4,352 35,631 | South Carolina, and Virginia being the Calcium carbonate fines:3 — — — - | largest producing States. Crushed traprock "Natural aragonite# =~” 352 1,074 (5) 284 is produced mainly in the northeast and the ~ Chalk, whiting =2=~=~SOSCSCS<S;«CT«<C 6 399 4 950 Pacific Coast States, with California, Con- 
—= — — 752, | necticut, Massachusetts, New Jersey, Total? 358 1,973 4 1,234 . ——  -- ——— —— —— | Oregon, and Washington the largest pro- __Grand total? 860216789 4,356 36,870 ducing States. Crushed sandstone and 

:Data ma nor vid t0 toule shown because ef ind ndent roundin; quartzite are P roduced in 31 States led by sExcludes precipitated calcium carbonate. Pe * Arkansas, California, and Pennsylvania. 
‘Includes some chalk and other calcareous materials. 

Most crushed slate is produced in the 
“Less than ¥% unit. Eastern part of the United States, mainly Source: U.S. Bureau of the Census. 

in Arkansas, Georgia, and Virginia. Shell, 

primarily oyster residue, is produced by 
dredging along the gulf coast. Volcanic Products for Trade and Industry bases for highway and road construction. | cinder is produced in the West, mainly in 

This is essential because bases and Arizona, California, and New Mexico. The ultimate use of crushed stone deter- | asphaltic concrete tend to flow when plac- On the basis of tonnage, the crushed mines the specification for particle size and | ed under great or long duration stresses. | stone industry is the largest nonfuel mineral gradation, shape, rock type, and chemical | Other uses include limestone for cement | industry in the United States. The industry composition. Crushed stone can be used | and lime manufacturing and as agricultural | is widespread and has a large variation in without any binder, for a variety of con- | limestone used as direct application to soil, | operation size, kind of stone, and size of struction or industrial applications, or it | as filler and conditioner for fertilizers, in | material produced. The individual com- may be mixed with a matrix binding | animal mineral feeds, or as poultry grit. | panies range in size from small independ- material such as bituminous or portland ce- | Smaller amounts of crushed stone are used ent producers with 1 quarry to large diver- ment. The most common use of crushed | for a wide variety of applications ranging | sified corporations with 50 or more Stone for construction purposes is as ag- | from metallurgical fluxing of antimony, | crushed stone operations. 
gregate without a binder, including road | copper, iron, lead, and zinc to the manufac- In 1989, 1,716 companies produced base or road surfacing material, macadam, | ture of glass, ceramic pottery, paper, and | crushed stone from about 3,416 active quar- riprap, railroad ballast, filter stone, etc. | as fillers and extenders in asphalt, paint, | ries. Individual crushed stone quarries The second largest use of crushed stone is | rubber, and plastics. range in size from those producing between as aggregate for cement and bituminous A growing amount of limestone is being | 1 and 11 million tons annually to those concrete in a variety of forms and applica- | used in the removal of sulfur oxides from reporting less than 50,000 tons per year. tions in residential and nonresidential con- | stack gases, primarily from coal-burning | However, most of the tonnage comes from struction, highway and road construction | electric generating stations, and for mine | large operations. In 1989, for example, 86 and repair, airports, dams, sewers, and dusting to enhance mine safety by reduc- | operations each reporting production of foundations. Sized crushed stone is used to ing the explosion risk of highly combusti- | more than 2 million tons per year make asphaltic concrete aggregate and road | ble coal dust. represented only 2.3% of the total number bases. Broken surfaces adhere to the hot of operations, but accounted for 22% of asphaltic mixture better than rounded sur- Industry Structure total crushed stone production. The large faces do and provide interlocking surfaces operations are owned or operated by a that tend to strengthen the asphaltic con- Because of the low unit value, crushed | small number of companies. In 1989, the crete. Broken particles pack better and tend | stone is usually produced near the point of | combined production of the top 10 pro- to move less under load than rounded par- | use; therefore, the industry is concentrated | ducers operating 477 quarries accounted ticles do and, therefore, make better road | mostly in or nearby large, rapidly expan- | for 27.8% of the total output of crushed 
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stone in the United States. The 10 leading | through mechanical sedimentation, only | measurable amounts of crushed stone that 

producers were Vulcan Materials Co., sandstones, rocks consisting predominantly | can be produced profitably with current 

Beazer USA Inc., Martin Marietta Ag- | of cemented sand-size particles, are, to a technology under existing economic and 

gregates, Tarmac America Inc., Dravo | limited extent, used as crushed stone. political conditions, are controlled mostly 

Corp., General Dynamics Corp., The Igneous rocks, rocks that solidify from | by land use and/or environmental con- 

Rogers Group Inc., Lone Star Industries | molten volcanic magma, are classified as | straints. The actual volume of stone 

-Inc., Genstar Stone Products Inc., and | intrusive and extrusive rocks. Intrusive or | available is so vast as to preclude the 

Florida Rock Industries Inc. plutonic rocks are those that were formed necessity of measurement on a large scale. 

In the past several years, significant | deep beneath the ground surface, are coarse | The local shortages that occasionally exist 

changes in the structure of the crushed | grained, and include granite, diorite, and | are caused less by a lack of stone than by 

stone industry have occurred, caused | gabbro as rock types. Extrusive or volcanic | urban encroachment or zoning regulations 

primarily by mergers and acquisitions, rocks are igneous rocks that were formed | that force closure of operating quarries or 

some of them associated with the influx of | from molten volcanic magma at the Earth’s | prevent the development of new ones. 

foreign capital. Two of the top five crush- surface, are fine grained, and include 

ed stone producing companies in 1989 are andesite, rhyolite, and basalt. Plutonic and | Technology 

subsidiaries of foreign companies. volcanic rocks are further subdivided on 

The United States is the largest producer | the basis of mineralogy in light-colored ig- Major technological developments have 

of crushed and broken stone among the | neous rocks with high-silica content that in- been instrumental in maintaining adequate 

market economy countries. Other major | cludes granite, diorite, rhyolite, and production at relatively stable real costs in 

producing countries are Australia, Canada, | andesite, and dark-colored igneous rocks | the crushed stone industry. Equipment 

the Federal Republic of Germany, France, | low in silica content that include gabbro, manufacturers usually conduct most of the 

Japan, and the United Kingdom. Some in- diabase, and basalt, commonly called research related to improvements in the 

formation about the production of crushed | traprock. Granite and traprock are the most | mining and processing of crushed stone 

stone in foreign countries may be found in | common igneous rock-types used as crush- operations. Larger, more efficient equip- 

the Bureau of Mines Minerals Yearbook | ed stone. Granite occurs primarily in the ment is being developed and improved con- 

Volume III, Area Reports: International. | eastern part of the United States from stantly. The use of computerized control 

For nonreporting countries, estimates of | Maine to Georgia, along the Appalachian systems in plant operation and quality con- 

crushed stone outputs can be based on in- | Range where major producing States are trol has increased significantly in, recent 

direct sources such as the level of cement | located. It also occurs in Arkansas, Min- | Y°4Ts- Automatic controls, along with 

consumption. nesota, Missouri, Oklahoma, Texas, and | Monitoring by closed-circuit television 

| Wisconsin and in all Western States except coordinated we automated conan and 

Utah. Most of the traprock occurs in | Tecording an¢ radio communications 

Geology Resources California, Hawaii, Idaho, Oregon, and | systems, have been installed in many of the 
Bedrock deposits are classified on the | Washington in the West, in Connecticut, larger and newer operations. Automated 

basis of their origin into sedimentary, | Maryland, Massachusetts, New Jersey, | Plants have significantly improved 

igneous, and metamorphic rocks. Sedimen- | New York, North Carolina, Pennsylvania, operating efficiency and produce the op- 

tary rocks were produced from the consol- | and Virginia in the East, and to a smaller | timal product mixture to fit market re- 

idation of loose sediments through chemi- | extent in Minnesota and Texas. quirements at lower cost. _ 

cal or mechanical sedimentation. Lime- | Metamorphic rocks are formed from _As part of the national drive to reduce 

stone, which is primarily calcium carbonate | preexisting rocks through mineralogical, | 2” pollution, significant progress 1s being 

(CaCO;), and dolomite, which is calcium- | chemical, and structural changes produc- made toward the desulfurization of stack 

magnesium carbonate (CaMg(CO;).), are | ed by high heat and pressure. The | SAS°S resulting from coal-burning electric 

the most common sedimentary rocks pro- | metamorphic rocks include gneisses, generating stations and some industrial in- 

duced through chemical or biochemical | marbles, quartzite, slates, and schists. Mar- stallations.1” Limestone and lime are used 

sedimentation. Limestone and dolomite | ble, quartzite, and slate are the major types | 4 chemically reactive agents in most of the 

formations are widespread in the United | of metamorphic rocks used to some extent dry or wet scrubbing processes as well as 

States, with most of the deposits being of | as crushed stone. Marble occurs primari- in the treatment of acidified waters, 

Paleozoic age, with a few of Mesozoic and ly in Alabama, Georgia, New York, Ver- specifically lakes and streams. 

Tertiary age. Most States have adequate | mont, and Virginia in the East and in 

reserves for use in construction and other | California and Texas in the West. Exploration.—A large number of 

applications that do not require chemical- A comprehensive report showing | geologic formations that have economic 

ly pure stone.'* High-calcium limestone and geologic occurrences of potential sources potential as a source of crushed stone have 

high-purity dolomite make up only a small of crushed stone and sand and gravel of the | been mapped and described in the literature 

fraction of all limestone and dolomite for- | conterminous United States for use as | over the years. Consequently, detailed ex- 

mations, and they occur in restricted areas, | natural aggregates was published by the | ploration and development work for any 

mostly in the eastern part of the United | U.S. Geological Survey.'® new crushed stone operation will most pro- 

States, with some formations in the western On the basis of geologic evidence, stone | bably be done on one of these formations. 

States as well.5 High-purity dolomite | resources of the United States and the | However, in the event that a new stone 

deposits are more limited in occurrence | world are sufficient to meet demands, | deposit is discovered, more exploration and 

than the high-calcium limestone. Of the | although not always precisely at the loca- | evaluation work would be required before 

clastic sedimentary rocks that are produced | tions where needed. Reserves, which are | development. Preliminary examination can 
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establish the extent and nature of the | minimum of environmental disturbance. punched steel or plastic plates are used; for deposit. This is followed by a detailed ex- | The need for less surface space is also an | smaller sizes, woven wire, welded wire ploration program aimed at obtaining | important factor in areas of high land costs. cloth, rubber, or plastic screens are used. reasonably accurate information about the | Subsidence has not been a problem in areas Processed crushed stone is usually stored quality of the available material, including | mined, and the conventional practice has | in open areas except for relatively small the kind of stone, its chemical composition | been to leave 12% to 15% of pillar areas | quantities that go to the load-out bins. In and degree of cementation, and the degree | and 6 to 8 feet of stone in the mined roof. | the more efficient plants, the crushed stone of uniformity throughout the deposit. Also, | A specific advantage of underground quar- | is transported from the storage piles on belt the nature and the amount of waste material | ries is the creation of valuable storage | conveyors through tunnels installed under and the economic feasibility of its removal, | facilities. In many cases, the value of the | the piles, thus facilitating the blending of processing, and marketing must be studied. | sale or rental of the storage space may ex- | any desired mixture of sizes from different In most cases, an environmental impact | ceed the value of the stone mined. Thus, | piles. 
Study is required by local or State agencies. | the incentives for producing stone from 

If the raw material cost and quality are underground mines can be enhanced by the Recycling.—As the Nation moves into an Proven to be adequate and sufficient | economic advantages of subsequent use of age of increased environmental con- reserves are demonstrated, the develop- | the excavated areas. sciousness, recycling of old concrete and ment stage of the operation can be started. Loading and hauling equipment has asphalt, used mostly in pavements, is in- Economic feasibility and marketing studies | grown larger as increased demand for stone creasing. Local scarcity or high cost of include analysis of the availability of power | has made higher production capacities construction aggregates in some areas as and water supply; mining and processing necessary. Track-mounted equipment is | wel] as waste disposal problems are mak- costs and requirements; the condition of | still used extensively, but hydraulic, tire- ing recycling more attractive economical- nearby roads and highways and the prox- | mounted hauling equipment is ly. In some States, limited recycling, 
imity of rail haulage; the cost of com- | predominant. especially in road construction, is either pliance with local, State, and Federal | encouraged or required by law. The best regulations; and the proximity and densi- Processing.—Processing plants have utilization for recycled cement concrete is ty of local population, as well as its attitude | become larger and more efficient, in part | a¢ road base material, because the matrix toward such a project. because of an increase in the use of com- | of concrete cannot be converted back to ce- 

puterized control systems. Programmable ment, and also because of the lower Mining.—Most crushed and broken | controllers and/or computers are viewed to- strength of concrete compared with that of Stone is mined from open quarries; | day as valuable tools that improve operating | natural aggregates. Sound crushed concrete however, in many areas, factors favoring efficiency and product quality. Belt con- can make good coarse aggregate, but the large-scale production by underground | veyors are being used extensively to haul | fines produced in crushing the concrete mining are becoming more frequent and | material within the quarry because they | havea higher absorption, are more friable, more prominent. provide continuous operation, low and will require a higher amount of asphalt Surface mining equipment varies with | maintenance costs, low work force re- | jn asphaltic concrete and a higher amount _ | the kind of stone mined, the production | quirements, and reduced noise levels. of mixing water in portland cement.! capacity needed, the size and shape of the | Primary crushing is often done at or near The amount of asphalt roads recycled is deposit, estimated life of the operation, | the pit, usually by jaw or gyratory crushers, significantly larger than that of concrete location of the deposit with respect to ur- | but impact and other special types of roads, mainly because asphalt can be re- ban centers, and other important factors. | crushers are also used for nonabrasive juvenated with oil additives and used in Ordinarily, drilling is done with tricone | stone or stone that tends to clog conven- pavements, significantly reducing the cost rotary drills, long-hole percussion drills, | tional crushers. The use of in-pit movable | of the finished road. Experience has shown and churn drills. Blasting in smaller opera- | primary crushers is also increasing. For | that about 35% of crushed asphalt pave- tions may still be done with dynamite, but | secondary crushing, a variety of comminu- | ment can be recycled into new asphalt mix- in most medium- to large-size operations | tion equipment is used, depending on plant tures. Proper testing under engineering ammonium nitrate-fuel oil mixtures (AN- | size, rock type, and kind of material being supervision in all construction projects us- FO), which are much lower in cost, are | produced. Cone crushers and gyratory | ing recycled materials as agetegates should 
used. crushers are the most common types us- | pe performed to ensure that the technical Underground operations are becoming | ed, but impact crushers, including hammer specifications are met. 
more common, especially for limestone | mills, and roll crushers are often used. 
mining in the central and eastern parts of Screening is the single most important 
the United States, as the advantages of such part of the processing cycle of crushed Byproducts and Coproducts operations are increasingly recognized by | stone particles. A wide variety of screen Clay of good quality is sometimes en- the producers. By operating underground, types exists, and their selection is a func- | countered in limestone overburden and is a variety of problems usually connected | tion of the material processed as well as the | mined as a coproduct. Gypsum is often en- with surface mining such as environmen- | final product required. Inclined vibratory | countered beneath beds of limestone and tal impacts and community acceptance are | screens are most commonly used in sta- | is mined as a coproduct. Amphibolite rock significantly reduced. Underground room- tionary installations, while horizontal | often occurs as formations paralleling and-pillar mines can be operated on a year- | screens are used extensively in portable | spodumene-bearing pegmatitic dikes and is round basis, do not require extensive | plants. For screening large sizes of crush- | mined concurrently with these, notably in removal of overburden, and produce a | ed stone, grizzly bars, rod decks, and heavy | North Carolina. This coproduct of lithium 
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mining is marketed primarily as roadstone. | The depletion allowance for chemical and | with often stringent regulations, the treat- 

Stone is also mined in conjunction with | metallurgical crushed stone is 14%. ment of discharge water by crushed stone 

many metallic ores and nonmetallic producers is becoming a necessity that may 

minerals, but seldom does a market exist | Operating Factors require sophisticated and expensive pro- 

for it. | cessing methods. Significant progress has | 

Many States, counties, and cities in the | been made in reducing noise pollution both 

Economic Factors United States have zoning laws, and land | inside and outside of the quarries, including 

within each governmental unit is usually | noise and vibration produced by blasting 

Crushed stone is a high-volume, low- | Zoned to indicate acceptable land uses. If | and movement of heavy trucks. Therefore, 

value commodity. The industry is highly | Mning 1s permitted in a zone and a crush- | the industry must be concerned first about 

competitive and is characterized by ed stone company owns or leases land | any practices that can affect the communi- 

thousands of operations serving local or within that zone, the company may apply | ty environment. An effective effort must be 

regional markets, largely because stone is for a use permut or its equivalent to begin made to reduce noise, air, and water pollu- 

an abundant mineral. Production costs are | 40 operation. If the par cels to be quarried | tion and to improve the overall appearance 

determined mainly by the cost of labor, | are on lands under both city and county | of the operating mine, processing plant, 

equipment, energy, and water, in addition | JUr isdiction, permits usually must be ob- | and transportation facilities. Second, the in- 

to the costs of compliance with en- | tained from each. An acceptable reclama- | dustry and community must recognize the 

vironmental and safety regulations. These tion plan that meets the guidelines or | time and costs required to protect the en- 

costs vary depending on geographic loca- regulations of the appropriate governmen- | vironment and the importance of agreeing 

tion, the nature of the deposit, and the | tal agency must also be approved. En- | on fair and realistic environmental stan- 

number and type of products produced. But vironmental concerns such as noise, dust, | dards. Because crushed stone is a local in- 

despite the rising cost of labor, energy, and | beautification, and storage of wastes must | dustry, the effect of supply deficiencies and 

land values, competition among stone pro- | be accounted for in a manner satisfactory | cost of material will affect the local com- 

ducers and the nearness of supply areas to | the governmental entity involved. | munity first. Undue delay and 

markets have kept the relative cost of crush- | Wastewater discharge requirements must be | unreasonably high cost can strongly affect 

ed stone low. Constant dollar unit values | Planned for and met. If the deposit to be | the movement of crushed stone into the 

have been quite steady during the past 20 worked is on land controlled by a State or | marketplace. Also, stringent controls by the 

years. Increased operating costs have been Federal agency, that agency’s requirements | Jocal governments that prevent permits be- 

somewhat offset by automation and other | Must also be satisfied. ing issued to operators can have adverse | - 

means of increasing efficiency. The | 1 most States, permits for crushed stone | economic effects on the communities 

delivered price of the product, in addition operations require an Environmental Im- | around them. These conditions can make 

to quality, is a particularly important ele- | pact Report (EIR) or Environment Impact | it difficult to assess the timing and even the 

ment in any major transaction because of | Statement (EIS). A reclamation plan and | possibility of plants going on-stream and 

the low unit value of crushed stone, and | 4 use permit application may also be re- | can therefore affect the supply of crushed 

therefore, producers that are closest to quired, with considerable overlap of sub- | stone into the marketplace. 

markets have a significant advantage. | Ject matter with the EIS. A complete EIS Although much progress is being made 

Sophisticated equipment backed by | May cover all the problem areas at once and | through premining planning, the crushed 

technical knowledge combined with solid | facilitate acceptance. stone industry continues to have problems 

sales expertise is becoming very important. with environmental controls, land use con- 

For this reason, large companies are bet- Environmental Requirements.—Many | flicts, and reclamation practices. Many of 

ter able to compete in the crushed stone | of the environmental problems facing | these problems are acute because extrac- 

business, especially when there is a need | crushed stone producers arise because a | tion areas and plants must be reasonably 

for a wide variety of products. Smaller, less | great number of stone quarries and pro- | near to consumers who are largely in 

efficient operations become less economical | cessing plants are located in suburban areas metropolitan areas. 

as operating costs, as well as costs | near the major crushed stone markets. Ma- 

associated with meeting various Federal, | jor environmental considerations that must Transportation.—Transportation is a ma- 

State and local regulations, continue to in- | be dealt with in mining and processing of | jor factor in the delivered price of construc- 

crease. The only alternatives these pro- | crushed stone are emission of particulate | tion crushed stone. The cost of moving 

ducers have are to supply local markets with | matter into the air, discharge of process- | crushed stone from the plant to the market 

a limited number of products. The gradual | ing water, noise abatement, and employee | often equals or exceeds the sales price of 

trend toward larger operations has con- | and public health and safety. Air pollution | the product at the plant. Because of the high 

tinued, mostly because the stone industry | constitutes a major problem in processing | cost of transportation, crushed stone con- 

is capital intensive, and it is becoming less | plants, especially in the drying and packag- | tinues to be marketed locally. However, in- 

economical to operate small quarries. The | ing stages of fine particle products such as creasing land values combined with local 

viability of small operations is dependent on | limestone used as fillers or extenders. Both | environmental concerns are moving crush- 

the demand in the local markets, mining | wet and dry methods of dust control are us- | ed stone quarries farther from the end-use 

costs, and the degree of processing required | ed. The most important water pollutant is | locations, increasing prices of delivered 

to supply the final product. clay in suspension that results from wash- | material. Economies of scale, which might 

A 5% depletion allowance based on | ing and screening crushed stone. Because | be realized if fewer, larger operations serv- | | 

gross income is allowed for crushed stone | of the large quantities of water used to pro- ed larger marketing areas, would probably 

used in construction, including aggregates. | cess stone and the need. for compliance | not offset the increased transportation costs. 
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Truck haulage is the main form of Oglesby, C. H. Highway Engineering. 1975, pp. 538-540. Directory of State Publications Listing Crush- 
transportation used in the crushed stone in- “American Society for Testing and Materials. 1985 An- ed Stone and Sand and Gravel Producers, 
dustry. Many producers have their own | 1#! Book of ASTM Standards: V. 04.03 Road and Paving biennial. 

. : Materials; Traveled Surface Characteristics. 1985, pp. 
truck fleet and deliver their own raw 102-106. 
materials and products. A significant and 2. Compilation of ASTM Standards Relating to Ae- | Other Sources 
increasing amount of crushed stone, | gregates and Concrete. Nat. Aggregates Assoc. Circ. 113, Feb. ; , . . 1990 Aggregates Handbook, National Stone however, is being hauled by independent , “ati | 
truckers because of the cost of maintain- | |, “0™ cited in footnote 10. Association, 1991. : : 14Laurence, R. A. Construction Stone. United States Aggregates: Sand, Gravel, and Crushed Rock ing a truck fleet, particularly when the | mineral Resources, U.S. Geol. Surv. Prof. Paper 820, 1973 : . ae : . 7 US. GeO! Surv. Prof. Faper 620, 17/9, Aggregates for Construction Purposes, market is highly variable or down. Rail and | pp. 157-162. The Geological Society, United Kingdon water transportation combined account for | “Hubbard, H. A., and G. E. Ericksen. Limestone and 1085 gl , con, 
about 7 to Dolomite. United States Mineral Resources, U.S. Geol. Surv. . 
hi % 10% of total crushed stone Prof. Paper 820, 1973, pp. 357-364. Canadian Aggregates. 
shipments. 16Langer, W. H. Natural Aggregates of the Conterminous Concrete Manual, A Water Resources 
—_— United States. U.S. Geol. Surv. Bull. 1594, 1988, 33 pp. Publication, |U.S. Dep. Interior, Bureau 
'Federal Register. Air Contaminants; Guide and ‘Bhagwat, S. B. Lime Potential for SO, Control. Rock Pro- of Reclamation. 1975 ” 

Bibliography to Final Rule. Dep. of Labor. V. 54, No. 58, | ducts, v. 88, No. 1, Jan. 1985, pp. 78-83. Earth Manual AW: " . 
Mar. 28, 1989, 29 CFR Part 1910, pp. 12792-12813. "*Meininger, R. C. National Aggregates Association ; anua’, ater Resources Publica- 2. Air Quality, Chemical Substances, and Respiratory | Technical Information Letter. No. 395, 1988, p. 7. tion, U.S. Department of the Interior, 
Protection Standards; Proposed Rule. Dep. of Labor. V. 54, Bureau of Reclamation, 1974. 
No. 166, Aug. 29, 1989, 30 CFR Parts 56, et al., pp. Geology of Nonmetallics, Bates, R. L. 35760-35852. OTHER SOURCES OF INFORMATION and P WH , ; . W. Hari 3Gillette, R. S., and R. L. Virta. Analysis of the Cost Ef- | . . oo. Handbook ben, Metal Bulletin Inc., 1984. 
fectiveness of the OSHA Regulation of Nonasbestiform Am- | Bureau of Mines Publications an 00 of Concrete Aggregates ? 
phiboles with Respect to Selected Sectors of the Domestic Stone, Crushed. Ch. in Minerals Yearbook, Dolar-Mantuani, L. Noyes Publications, 
Minerals Industry. BuMines Report submitted to Public annual. 1983. 

Docker, Dep. of Labor. Sept. 22, 1989. 55 pp. _ | Stone, Crushed. Ch. in Mineral Commodity | | Highway and Heavy Construction. 4———. Strategic Highway Research Program 1989 An- . Industrial Minerals 
nual Report. National Research Council. Oct. 31, 1989. 32 pp. Summaries, annual. Industri ‘neral and Rocks. Fi ws 

SBarksdale, R. D. Highlights on UNBAR3—An Interna- Sand and Gravel, Construction. Ch. in ustrial Mine its KS, Fifth Edition, 
tional Symposium on Unbound Aggregates in Roads. Stone Mineral Commodity Summaries, annual. American Institute of Mining, Metallur- 
Rev., v. 5, No. 5, Oct. 1989, pp. 15-16. State Chapters in Minerals Yearbook V. II. gical, and Petroleum Engineers, Inc. 1983. 6. Report of the AASHTO Joint Task Force on Rut- . . Pit & Quarry State Mineral Summaries, annual. . ting. Stone Rev., v. 5, No. 3, June 1989, pp. 20-22. ; Q M t 

7™Munn, W. D. How to Protect Bridges From Salt Corro- Crushed Stone and Sand and Gravel. Mineral ) sement. 
sion. Highway & Heavy Constr., v. 132, No. 5, May 1989, Industry Survey, quarterly. Rock Products. 
pp. 40-41. Moving America, New Directions, New Op Directory of Principal Crushed Stone Pro- Stone Review. 

—_———., Oving erica, New Directions, New por- . . . 

tunities. U.S. Dep. Trans., Feb. 1990, 129 pp. ducers. Mineral Industry Survey, biennial. 
*Boynton, R. S. Chemistry and Technology of Lime and Directory of Principal Sand and Gravel Pro- 

Limestone. Wiley, 1980, p. 3, 578 pp. ducers. Mineral Industry Survey, biennial. 
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By Harold A. Taylor, Jr. 

Mr. Taylor, a physical scientist with the Branch of Industrial Minerals, has covered dimension stone for 9 years. Domestic 
survey data and trade data were prepared by Ms. Maria Arguelles, minerals data assistant, Branch of Data Collection and 

Coordination. 

roduction of dimension stone in- TABLE 1 

creased slightly to 1.21 million | , 
P short tons valued at $208 million. SALIENT U.S. DIMENSION STONE STATISTICS 

More than one-half of the dimen- (Thousand short tons and thousand dollars) 

sion stone produced was granite. 

Limestone, marble, sandstone, and slate 1985 1986 1987 1988 1989 

were also produced. — Sold or used by producers —~S~«~SCSd'tHS 08ST. ~—SCB.————«*,207 

1% So lion The value of Value $172,435 *°$167,429 $191,117 “$196,289 $208,311 

dimension stone imports for consumption Exports (value) $13,835 $14,623 $20,470 $32,219 $34,610 

increased slightly to $525 million, Imports for consumption (value) $291,246 $379,724 $439,278 $517,835 $525,052 

equivalent to 252% of the value of domestic | “stimated. "Revised. 
production. 

| Rock of Ages Corp. in New Hampshire and | was produced by 35 companies at 54 quar- 

DOMESTIC DATA COVERAGE | Vermont; and Fletcher Granite Co., Inc. in | ries in 13 states. Indiana, the leading State, 

$$ | Massachusetts and New Hampshire. was followed by Wisconsin and Texas. 

Leading producers were Indiana Limestone 
Domestic production data for dimension | Granite Co. Inc., Independent Limestone Co., and 

stone are developed by the Bureau of Mines _ Victor Oolitic Stone Co. The top three 
from voluntary surveys of U.S. producers Dimension granite includes all coarse- companies accounted for 32% of U.S. 
of rough and finished dimension stone. Of grained igneous rocks. Production decreas- output. | 
the 368 dimension stone operations | ¢d slightly to 640,000 tons and increased : 
surveyed, including those that were idle, | 23% in value to $130.2 million. Granite was | yzarble 
317, or 72%, responded, representing 96% | Produced by 62 companies at 111 quarries | 
of the total value sold or used by producers | in 20 States. Georgia continued to be the | Dimension marble includes certain hard 

shown in table 1. Production data for | leading State, producing 23% of the U.S. | limestones, travertines, and any other 
nonrespondents were estimated using total, followed by Vermont and Massachu- | calcareous stone that can be polished. 
preliminary production reports, adjusted | Setts. These three States together produc- | Dimension marble was produced by 7 com- 
prior years production levels, and employ- ed more than 46% of the U.S. total. Cold | panies at 10 quarries in 7 States. Georgia, 

ment data. Spring Granite, Rock of Ages, and Fletcher | Vermont, and New Mexico tied with 
Granite were the leading producers and ac- | Alabama, in order of tonnage, were the 

—— —————_ | counted for 42% of U.S. production by | four leading States, accounting for approx- 

PRODUCTION tonnage. imately 86% of U.S. output. Leading pro- 
Ta Fletcher Granite was acquired by Pioneer | ducers were Georgia Marble Co., Vermont 

International Ltd. of Australia, an industrial | Marble Co., and Rocky Mountain Stone 
Dimension stone was produced by 176 | and resource firm, in early 1989. Pioneer | Co. The top three companies accounted for 

companies at 282 quarries in 34 States. | has been present in the domestic aggregate | 75% of U.S. output. 
Leading States, in order of tonnage, were industry for some time and recently bought 
Indiana, Georgia, and Vermont, together | two more aggregate operations. Sandstone 
producing 38% of the Nation’s total. Of the Georgia-Carolina Quarries Inc. recent- . 
total production, 53% was granite, 27% ly opened a granite curbing plant near Dimension sandstone includes calcar- 
was limestone, 11% was sandstone, 3% WwaS | Elberton, GA. This is the second such plant | COUS- and siliceous-cemented sandstones or 
slate, 2% was marble, and the remaining | in Georgia, the other one belonging to Frat- conglomerates. Quartzite, which is also in- 
4% was miscellaneous stone. Miscellaneous | 44 Construction Inc. cluded, may be described as any siliceous- 
stone included argillite, schist, soapstone, cemented sandstone. It was produced by 34 
and traprock (basalt). Leading producing Limestone companies at 47 quarries in 15 States. The 
companies in terms of tonnage were Cold leading three States were, in order of 
Spring Granite Co., principally in Califor- Dimension limestone includes bitumin- | volume, Ohio, New York, and Penn- 
nia, Minnesota, South Dakota, and Texas; | ous, dolomitic, and siliceous limestones. It | sylvania. Briar Hill Stone Co., Waller Bros. 
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Stone Co., and Standard Slag Co. were the , | TABLE 2 

leading producers and accounted for 41% DIMENSION STONE SOLD OR USED BY PRODUCERS IN THE 
of U.S. production. In addition to the quan- UNITED STATES. BY STATE 
tities shown in table 5, dimension quartzite ° 
totaled 19,451 tons worth $1,465,315. a 

| | 1987 1988° 1989 

Slate State Quantity Value Quantity Value Quantity Value : 

Dimension slate was produced by 17 |____ (Short tons) (thousands) _ (short tons) (thousands) (short tons) _ (thousands) 
companies at 27 quarries in 5 States. The {Arizona Ww Ww Ww $1 Ww Ww 
two leading States, Pennsylvania and Ver- | Arkansas 10,541 $629 10,541 629 WwW WwW 
mont in order of volume, accounted for | California 33,335 4,554 42,048 5,991 28,829 $5,564 

70% of U.S. output. The top three pro- | Colorado 3,000 133 3,450 143 5,310 398 
ducers, A. Dally and Sons Inc., Le Sueur- | Connecticut 18,140 1,646 19,718 1,914 Ww W 
Richmond Slate Co. Inc., and Williams and |Georgia—=——C—«iL'792«207'~=S«21,683 190,472 27,768 1145,545 112,087 
Sons Slate and Tile Inc., accounted for an Ilinois. SS Ww Ww 1,175 129 Ww Ww 

estimated 50% of U.S. output by volume. [Tan 183,609 23,115 195,444 24,956 1198,531 127,212 
Miscellaneous Stone ~ Iowa W W W 588 15,151 613 

Kansas 11,423 445 6,889 219 W WwW 
Miscellaneous dimension stone, in- Maine 7,512 5,924 7,512 5,924 Ww w 

cluding traprock, was produced by eight [yy iang 22,843 «1,516 20,729 «1,515 27,529 —«-2,072 
companies from seven quarries in four |—————— ' : 
States, and totaled 2 4,637 tons value at Massachusetts 69,956 12,501 W W 67,533 10,302 

$1,619,256, Minnesota 43,322 13,877 45,000 13,000 44,605 16,031 
Missouri 3,212 454 3,644 547 WwW WwW 

—_ SOSCOSCSCSC“‘YNSNNSN”SS~Ss«s- New _ Hampshire 67,479 10,684 73,393 10,546 55,305 8,769 

CONSUMPTION AND USES _ |New Mexico 21,893 626 21,893 626 W W 
New York 38,553 5,822 30,751 4,333 23,756 3,575 

Dimension stone was marketed over | North Carolina 32,669 5,128 31,977 5,026 62,665 10,477 
wide areas. Industry stockpiles were not | Ohio 47,816 2,427 38,300 3,137 59,923 3,455 

monitored, and production during 1989 was | Oklahoma 8,311 861 7,746 785 8,290 762 
assumed to equal consumption. Pennsylvania 60,118 10,177 59,022 9,584 44,267 10,032 

Consumption of domestic dimension | south Carolina _ 2,319 312 353 37 W W 

stone increased slightly to 1.21 million tons | South Dakow +=» 50,718 18,209 43,297 16,472 54,623 ‘17,738 
valued at $208.3 million. Ashlars and par- | Tennessee 3,360 573 3,942 567 4,888 437 
tially squared, dressed pieces were 21% of |7o 75,426 10,030 66,354 8,310 81,268 12,449 
the total value of consumption, followed by |———————— Oe ° ° a 
rough monumental stone with 15%; slabs Utah 2,004 93 2,004 93 7 7 
and blocks for building and construction |Yermont 103,923 30,074 105,000 30,500 100,698 31,413 
with 13%; dressed monumental stone with | Virginia 9,077 2,720 _ 10,000 2,900 Ww Ww 
12%; curbing with 12%; and other uses, | Washington 297 42 697 60 WwW WwW 
27%. Wisconsin 36,903 3,697 49,900 6,200 35,587 4,376 

Of the total consumption of domestic | Other? 32,228 2,865 98,082 13,789 142,692 30,552 

granite, 24% by value was rough Total *71,179,174 191,117 1,189,333 196,289 1,206,995 208,311 
monumental stone, 18 % was ashlars and | ‘Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data, included with ‘‘Other.”’ 
partially squared pieces, and 18% was 1Totals only includes Georgia granite and Indiana limestone; other stone included with ‘‘Other.”’ 

. Includes data for Alabama, Idaho, Michigan, Montana, and data which is withheld. . 

one . ti f d é li : 3Data may not add to totals shown because of independent rounding. 

onsumption of domestic limestone 
totaled 327,050 tons valued at $42.2 
million, of which 38% by value was slabs 
and blocks for building and construction, 
27% was ashlars and partially squared 
pieces, and 25% was rough blocks for | and precast building panels. The installed | costs on these substitutes. Resin-bonded 
building and construction. cost of many of these alternate materials | stone panels made from stone chips are 

In a long-enduring trend before 1980, | has been lower than that of stone. Since | becoming an important substitute for 

building dimension stone was replaced to | 1980, stone has been increasingly prefer- | dimension stone. 
a large extent by concrete, glass, brick, | red for more dignified buildings where its Slate has to meet competition from many 
stainless steel, aluminum, porcelain- | architectural adaptability, permanence, and | sources. As a roofing material, alternates 
enameled steel, and plastics. These | prestige are of prime importance. A move- | such as sheet metal, wood shingles, 
materials are used in the manufacture of | ment back to stone has occurred because | asbestos-cement shingles, and tile are 
modern mass-produced building modules | of the greater impact of rising energy | available. For blackboards, it competes 

1010 DIMENSION STONE MINERALS YEARBOOK—1989



a 
—— 

| TABLE 3 with colored glass, porcelain-enameled 

DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN THE steel, and special painted surfaces. 
UNITED STATES, BY STATE So 

PRICES | 

. 1988° 1989 

State Quantity Value Quantity Cubic feet Value The average price for dimension stone 
(short tons) (thousands) (short tons) (thousands) (thousands) increased to $173 per ton, up 5% from $165 

California 20,856 $4,304 Ww WwW W lin 1988. 

Connecticut 19,718 1,914 WwW W W 

Georgia 176,568 11,750 145,545 1,496 $12,087 

Maine 7,512 5,924 WwW WwW W FOREIGN TRADE 

Massachusetts 65,197 10,989 67,333 729 WwW 

New Hampshire 73,393 10,546 55,305 654 8,769 Exports.—Exports of dimension stone, 

North Carolina 27,948 4,689 W WwW w___|about one-half of which was granite, pro- 

Oklahoma 5,546 742 W W w___|bably increased 7% in value. 

Pennsylvania 12,335 2,529 11,652 145 ~ 3,107 

South Carolina 353 37 W WwW W Imports.—Imports of dimension stone 

South Dakota 43,297 16,472 54,623 654 17,738 increasec slightly in value to $525 nn 

Texas 41,139 6,107 W W W e United States changed its tari 
= classification to the Harmonized Tariff 
Vermont 84,525 15,559 83,073 1,026 15,522 . 

Wisco 5 Ww Schedule on January 1, 1989. Because 1m- 

—e~ee§ 3,69 3,031 WwW Ww port and export data are classified by tariff 

Other! 47,857 _11,062 222,018 2,640 _57,419 | category, the 1988 and 1989 import and ex- 

Total 629,936 105,655 639,549 7,344 114,702 port statistics are often noncomparable. A 

Estimated. W Withheld to avoid disclosing company proprietary data, included with ‘‘Other.”’ number of import categories have had to 

Mncludes Colorado, Maryland, Minnesota, Missouri, New York, Washington, and data indicated by symbol W. be es tima te d because 0 f this an d O ther 

problems. 

WORLD REVIEW 

TABLE 4 | 

DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN THE conn the eal 1 ame’ taly pro- 

UNITED STATES IN Y STATE | " > - 
TED S 1989, BY S duced about half of world production. The 

| major importing countries were the United 

Quantity Cubic feet Value States, Japan, and for rough stone, Italy. 
State ore : 

(short tons) (thousands) (thousands) | Other significant producers were Brazil, 

Indiana 198,531 2,700 $27,212 China, Finland, India, Norway, Portugal, 

Wisconsin 29,697 371 1,225 Spain, Sweden, Turkey, and the United 

Other! 98,821 1,276 13,727 ‘| States. 

Total 327,049 4,347 42,164 7 
‘Includes Alabama, California, Illinois, lowa, Kansas, Minnesota, Montana, New Mexico, New York, Ohio, and Texas. Brazil 

The United Nations published a com- 
prehensive study of the Brazilian dimen- 
sion stone industry, covering it quarry by 
quarry in each State. For each quarry it 
describes the geology, commercial name of 

TABLE 5 its stone, and location. In addition, it gives 

DIMENSION MARBLE SOLD OR USED BY PRODUCERS IN THE the physical properties of many of the 

UNITED STATES IN 1989, BY STATE stones, the color, and costs and technology 
of extraction.! 

a 

Quantity Cubic feet Value 

State (short tons) (thousands) (thousands) Italy 

Massachusetts 200 2 WwW The north end of the island of Sardinia 

Other! 22,297 262 $21,321 usually accounts for the majority of Italian 

Total 22.497 64 91.32] | granite production, or about 650,000 tons. 
9 > e e 

W Withheld to avoid disclosing company properietary data, included with ‘‘Other.”’ The industry 1S centered around the towns 

Includes data for Alabama, Georgia, Idaho, New Mexico, Tennessee, and Vermont. of Budduso and Tempio Pausania, west of 
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TABLE 6 duction was about 75,000 tons, excluding 

DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN THE __|8*2nules and powder. 
UNITED STATES IN 1989, BY STATE Burlington Slate Ltd. has been on a cam- 

paign to upgrade and modernize its 
ssi facilities. As part of this, it has begun to 

State Quantity Cubic feet Value —_ use diamond wire saws for horizontal cuts 
(short tons) (thousands) (thousands) in its quarries, eliminating the need for 

California 12 19 $2 blasting. The change has also significant- 

New York 14,847 190 | 1,345 ly reduced the amount of waste rock © 
Pennsylvania 12,437 156 545 created. 

Other! 104,711 1,369 6,822 

FOOT ____ih7A _______4/"  |CURRENT RESEARCH 
‘Includes data for Alabama, Arizona, Arkansas, Colorado, Indiana, Maryland, Michigan, Missouri, North Carolina, Ohio, Oklahoma, ee 

and Tennessee. 

A United Nations related primer on the 
dimension stone industry has just been 

TABLE 7 | published. It covers terminology, physical 

DIMENSION STONE SOLD OR USED BY PRODUCERS IN THE onaroee, stromal peoleey. and tocating 
: UNITED STATES IN 1989, BY USE and technology of stone extraction, in- 

cluding tools. It discusses different types 
Use Quantity Cubic feet Value of uses, hints for trouble-free installation, 

(short tons) (thousands) (thousands) | and the latest automated technology for 
Rough stone: stone cutting, polishing, and finishing? 

Rough blocks for building and construction 271,803 3,294 $22,316 

Irregular-shaped stone! 103,382 1,294 5,783 

Monumental 219,752 2,465 30,866 OUTLOOK 
Other? 32,101 426 3,453 , 

Dressed stone: | Projected demand for dimension granite 

Ashlars and partially squared pieces 216,690 2,688 43,515 | totaled 1.7 million tons for 1995 and 2.5 
“Slabs and blocks for building and construction ~«=SOt«#R 9,842 1,158 26,725 _| million tons for the year 2000. Projected 
“Monumental ~—=C=CSsé“‘i—=—s=sSsSSS 36,864 410 25,020 | demand for dimension marble totaled 
“Curbing SOOO 141,083 1,717 23,972 750,000 tons for 1995 and 1.1 million tons 

a 36.441 454 4.508 for 2000. Demand for dimension limestone 
ee , , totaled 350,000 tons for 1995 and 380,000 

_Filagging (slatey 7,58 — 1,299 | tons for the year 2000, while demand for 
_Roofing slate Ci (si«* 408 — 9,132 | slate ought to be 55,000 tons in 1995 and 

Structural and sanitary 4,470 — 3,709 | 57,000 tons in the year 2000. This relatively 
Flooring slate 3,197 — 2,198 | slow rate reflects the expected maturing of 
Other? | 32,384 312 5,815 |the market for building stone. Certain 

Total 1,206,995 414,219 208,311 |Segments will continue to grow rapidly, 
Includes rubble. such as the uses in kitchens and bathrooms. 

vincludes : ee ammount Pr slate used for billiard tabletops, miscellaneous, and unspecified uses The supply will be adequate and is likely 

‘Data do not add to total shown because of independent rounding. a to shift in favor of domestic producer S. 

BACKGROUND 
Olbia. Around 145 granite quarries pro- | are in use in granite on the island of |~ ——CSs‘SséC‘<‘<;73;C }STCOté‘(i COt!*~CSOtt!” 

duce seven major types, mostly light pink | Sardinia. os . . 
or grey. The production is mostly rough Definitions, Grades, and Specifications 
blocks that are finished on the Italian | [jpiteg Kingdom Dimension stone is a natural rock 
mainland. The Sardinian granite producers material that has been selected, trimmed, 
are expanding production moderately and A new publication, the United Kingdom | or cut to specified or indicated shapes or 
shifting to doing more of their own | Minerals Yearbook 1988, gave production | sizes, with or without one or more 
finishing work. Industry sources stated that | statistics for dimension stone. Net produc- | mechanically dressed surfaces. This in- 
two additional granite tile plants are being | tion of limestone for building purposes | cludes rough stone, rubble, ashlar, blocks, 
built. totaled 270,000 tons in 1987, mostly quar- | panel, and curvilinear shapes. Finished 

The granite in the quarry is usually ex- | ried in England. Granite production was | surface requirements may vary from a con- 
tracted by drilling and blasting with | not separated out, but was believed to be | trolled fractured surface to ground and 
primacord; only a few diamond wire saws | about 25,000 tons. Architectural slate pro- | polished. The most prominent required 
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TABLE 8 pink, and red are the common colors for 

DIMENSION GRANITE SOLD OR USED BY PRODUCERS IN THE granite, but greens, browns, ane other 
UNITED STATES IN 1989, BY USE shades are produced in some localities. 

Limestone includes dolomitic types as 

ell as calcitic. The latter contain less than 

Use Quantity Cubic feet Value (5% magnesium carbonate (MgCOs). 

| (short tons) _— (thousands) (thousands) | olomitic limestone contains 5% to 40% 
Rough stone: MgCO,. Marble is a_ recrystallized 

Rough blocks for building and construction 91,603 999 $9,727 |(metamorphosed) limestone containing 

Irregular-shaped stone! 19,719 225 1,621 |grains of calcite or dolomite or both. In 

“Monumental ——=<“—i=‘—sSOSOSStOT.....UC(CS#NYNW..CS“ “ase 2:7,986 2,443 30,739 | |commercial usage, it is any calcareous 

Othe? OOS, 809 117 733 |¢rystalline rock or serpentine, a hydrous 
Dressed stones SC magnesium silicate, capable of taking a 

Ashlars and partially squared pieces 113,387 1,315 24,015 P 0 lish. Travertine 18 a type of mar ble 

~ Slabs and blocks for building and construction «22,613 273 3,787 _| Similar to onyx except that It is precipilated 
ee—e—ee=eeewrvrvw‘/se<_573O3S3S XS — oaaSsSs0sa—e , , from warm or hot water; it has a banded 

_ Flagging 3,908 47 1,741 | cellular structure and contains cavities up 

_Monumental 8232 307 17,860 | to one-half inch in width that are lined with 

Curbing 129,064 1,567 23,707 | microstalactites. Dark green serpentines 

Other? 5,228 __ 52 723 |are classified as marble in the industry 

Total* 639,549 7,344 114,702 |because they are often crisscrossed with 

Includes rubble. marble-like veinlets of lighter materials, 

wee rough sone ae for flagging and unspecified uses. chiefly calcite or dolomite, and because of 

‘Data may not add to totals shown because of independent rounding. their ability to take a high polish. 

Commercial sandstone is a sedimentary 

rock consisting mostly of quartz, sometimes 

TABLE 9 with feldspar, or rock fragments of clastic 

DIMENSION LIMESTONE SOLD OR USED BY PRODUCERS IN THE _ |X‘ bonded by silica, clay, calcite, or tron 
UNITED STATES IN 1989, BY USE — oxide. Bluestone is a. dense, hard, fine- 

? grained feldspathic sandstone that splits 
easily along a plane into thin, smooth slabs. 

Use Quantity Cubic feet Value It is commonly dark or slate gray in color, 

(short tons) (thousands) (thousands) |and its name no longer has color 

Rough stone: | significance. Brownstone is a feldspathic 

Rough blocks for building and construction 137,479 1,851 $10,367 sandstone of brown to reddish-brown color 

Irregular-shaped stone! 39,821 513 933 ~+| caused by abundant interstitial iron oxide. 

Other? 18,897 249 2,341 | Flagstone may be either a sandstone or a 

DissedstonesSCt=<“‘s~S*s*sSsSSSS slate that splits into large, thin slabs. 

~Ashlars and partially squared pieces —==C«(681T4 898 11,376 | _ Quartzite is a metamorphic equivalent of 
“Slabs and blocks for building and construction «48,164 641 16,059 | Sandstone that has been firmly cemen 
SE ee ne , by secondary silica or by recrystallization 

_ Flagging 9,569 125 350 | so that it is essentially homogeneous and 

Others 8 __ 65 739 | fractures through rather than around the 

Total 327,049 4,347 ‘42,164 —_| original sand grains. Slate is a fine-grained 

sinludes nomuental and unspecified uses metamorphic rock derived from shale, 

Includes curbing, monumental, and unspecified uses. siltstone, ‘or claystone. It has promin ent 

4Data do not add to total shown because of independent rounding. cleavage. that is oriented independently 

from the original sedimentary bedding. 
Mineral constituents are quartz, mica, 
sericite, or chlorite with assorted minor ac- 

qualities of dimension stone are strength, | with the same terms used in mineralogical | cessories. Shale is composed mostly of 

toughness, hardness, and resistance to en- | rock descriptions. The Bureau of Mines | original clay minerals, and cleavage is 

vironmental damage. Color and grain | generally accepts the classification reported | parallel to the bedding. 

structure contribute largely to price and | by producers, or commercial classification. Traprock is a commercial term for all 

marketability. The principal types of | Granite includes all feldspathic crystalline | dark, igneous rocks too fine in grain size 

dimension stone used in construction are | rocks of predominantly interlocking texture | to be called black granite. In addition to 

granite, marble, limestone, sandstone, and | and with mineral grains visible to the nak- | extrusive flow rocks such as basalt, 

slate. ed eye; these include igneous and metamor- | andesite, or dacite, traprock includes in- 

Stone classification by type in the dimen- | phic rocks, including quartz diorites, | trusive igneous rocks such as diabase, 

sion stone industry is somewhat ambiguous | syenites, quartz porphyries, gabbros, anor- | diorites, gabbros, pyroxenites, am- 

and does not correspond in some respects | thosites, and gneisses. White, gray, black, | phibolites, and peridotites. 
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TABLE 10 Miscellaneous stones used for dimension 

DIMENSION MARBLE SOLD OR USED BY PRODUCERS IN THE Purposes include schist, scoria, Soapstone, 
UNITED STATES IN 1989, BY USE wollastonite, argillite, and many others. 

| Geology-Resources 
Use Quantity Cubic feet Value. 

(short tons) (thousands) (thousands) | Domestic resources of most types of 
Rough stone: dimension stone are practically unlimited. 
Other! 4,552 53 $1,196 There is considerable interstate transpor- 

Dressed stone: | tation of certain types of stone such as 
" Ashlars and partially squared pieces SS” WwW W w___|indiana limestone, Georgia marble and 

"Slabs and blocks for building and construction _—~—S«*5, 104 60 6,103 _ | granite, and Vermont granite, marble, and 
Monumental ST Ww Ww Ww slate. A lack of deposits of certain specific 
Flagging SOOO 189 7 9 __‘| Varieties of . dimension stone especially 

3s] noted for their esthetic qualities in architec- 
Other 2652 is 13,994 | ture and artifact manufacture is an impor- 

LS 2 tant cause of importation of these varieties; 

Includes rubble, tough blocks for building and construction, mepalar shaped. stone, and monumental. for €xalmip le, brigh tly colored marbles from 

Includes uses not specified. Italy. 

3Data do not add to total shown because of independent rounding. 

| Technology 

Mining.—Present mining methods range 
| | TABLE 11 from antiquated and very inefficient to 

DIMENSION SANDSTONE SOLD OR USED BY PRODUCERS IN THE __| Modern and technically superior. Quarry- 
UNITED STATES IN 1989, BY USE ing methods include use of various com- 

binations of diamond saws, wire saws, dia- 
Tg ————— n= | Nond wire saws, chain saws, channeling 

‘Use hort tes) thovcand hows 4s) machines, drilling machines, wedges, and 
$$ $$$ OO ——— | broaching tools. The choice of equipment 

Rough stone; depends on the type of dimension stone, 
Rough blocks for building and construction 29,524 405 $956 size and shape of deposit, production 

Irregular-shaped stone! 28,914 376 1,812 capacity, labor costs, economics, and 
Other? 204 3 17 Management investment attitudes. | 

‘Dressed stone: Little blasting is done in the mining of 
~ Ashlars and partially squared pieces = —~*~C*«GS 334 1,248 dimension stone. Blocks cut from the face 

“Slabs and blocks for building and construction —~=~—«O1,S79 149 577 _ | are sawed or split into smaller or thinner 
Flagging ==SSSSt”t*=<“CSs‘“S*S~SOOSSSS 9,768 125 1,396 blocks for ease in transportation and handl- 
Other? (6814 342 2,709 | ing and taken to processing plants, often 

—Toal S82, 007 L734 “8.714 located at the quarry site, for final cutting 
and finishing operations. 

Nncludes rubble. 

2Includes uses not specified. 

3Includes monumental, curbing and unspecified uses. Processing.—Stone-finishing equipment 
‘Data do not add to total shown because of independent rounding. includes large circular saws 10 feet or more 

in diameter, some with diamond inserts and 
some using steel shot or other abrasives; 

| diamond circular saws of smaller size; 
TABLE 12 reciprocating diamond-bladed or loose- 

DIMENSION SLATE SOLD OR USED BY PRODUCERS IN THE abrasive gang saws for multiple cuts; and 
UNITED STATES IN 1989, BY USE various types of diamond and other equip- 

ment for smoothing, polishing, edging, and 
Qty Cale decorating the finished stone products. 

Ot tons) __sCthousands) Ec ic Factors 

Flagging (slate) 7,578 $1,299 onomic 

Roofing (slate) 11,408 7,132 Tariffs.—Current import duties (tariffs) 
Structural and sanitary 4,470 3,709 | are shown in table 17. The depletion 
Flooring slate 3,197 2,198 | allowance for dimension stone is 14%. 
Other’ 6,955 1,378 Dimension stone quarries are generally 

Total 33,608 17,716 located in mountainous or. hilly areas 
‘Includes a minor amount of slate used for billiard tabletops, blackborads, and unspecified uses. remote from area of dense population. 
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TABLE 13 Employment.—The approximate number 

U.S. EXPORTS OF DIMENSION STONE of employees in the dimension stone in- 
dustry by stone kind are granite, 9,600; 

(Thousand short tons and thousand dollars) limestone, 1,100; marble, 1,500; slate, 950; 

and sandstone and other dimension stone, 

val Major destination |850. Of the total 14,000, about 3,100 are 

Quantity Ue in 1989, (percent) |employed in quarrying and approximately 

Marble, Travertine, Alabaster worked 9 $1,733 NA 10,900 in finishing operations. Major States 
ee . for employment were Georgia with 2,100 

Marble, Travertine - crude or roughly trimmed NA 343 Mexico 25%. . . 

Martie Travertine vmerely out by sawing or ohawee ©=«o73-—=«<C*«‘i*SCWSSS*S*«CCanada 22%, | C™IPUOVERS, VENIONY Wi a SO, Tose 
aman, Saver ee error ’ with 1,250, North Carolina with 850, Texas 

Granite, crude or roughly trimmed NA 12,159 Japan 48%. with 700, and Indiana with 650. 

Granite, merely cut by sawing or otherwise _ NA 9,107 Japan 31%. 

Sandstone, crude or roughly trimmed NA 390 NA En ergy Requirement.—Fuel is used to 

Sandstone, merely cut, by sawing or otherwise 6 771 Canada 98%. power quarrying equipment and electrici- 

Slate, worked and articles of slate NA 6,228 NA ty is used for sawing and finishing. Water 

Slate, whether or not roughly trimmed or merely cut NA 1,038 France 70%. is used in some quarries to cool equipment 

Other calcareous monumental or building stone; Alabaster 24 618 Canada 71%. such as chain saws and in sawing and > 

Other monumental or building stone 7 1,067 Japan 24%. finishing plants to cool the equipment; 

Total NA 34.610 water consumption is relatively minimal in 

NA Not available. all instances. 

IBy value. 

| Source: Bureau of the Census. Transportation.—Transportation costs 

for dimension stone are high because of its 

TABLE 14 weight and because special handling 

U.S IMPORTS FOR CONSUMPTION OF DIMENSION GRANITE, methods are required to prevent damage to | 
the finished stone. A single stone panel 

BY COUNTRY, 1989 ' ; 
broken in transit not only results in the loss 

(Thousand cubic feet and thousand dollars) of the many employee-hours of skilled 

labor required to produce it, but also can 

Dressed cause construction delays that are even 

Rough! —______—_——__————-__ | more costly. Nevertheless, dimension stone 
Country $$ Stone and articles Worked . nel hi . b 

Quantity Value —________— —____——— |is routinely s pped long distances vy 

Quantity _ Value Quantity Value | motor and rail freight, and special domestic 

Brazil 1,840 882 9 494 282 3,350 | varieties are shipped by ocean freight to 

Canada 2,561 8,093 18 4,432 197 14,841 | foreign countries. 

China 106 365 7 345 18 654 

India 1,879 3,169 33 980 78 5,633 1UNITAR. Stone in Brazil. United Nations Inst. of Train. 
and Res. New York, NY 1988, 66 pp. 

_Ttaly 2,598 14,607 359 18,237 3,067 84,221 2Shadmon, A. Stone: An Introduction. Intermed. Tech. 

Japan 29 206 CQ 3 4 122 | publ., New York, NY, 1989, 140 pp. 

Portugal 424 990 3 64 13 326 

Saudi Arabia.sstst=<CS~Sst~S~S 3 77 4 336 19 346 | OTHER SOURCES OF INFORMATION 

| South Africa, Republic of 1,402 2,477 — — — — | Bureau of Mines Publications 

Spain 474 =: 1,281 27 3,995 182 11,091 Dimension Stone. Ch. in Mineral Commodity 

Other 3,883 2,810 542,461 1,152 _7,435 Summaries, annual. 

Total 15,199 34,907 514. 31,347 5,012 128,019 | Dimension Stone. Ch. in Minerals Yearbook, 
Includes crude or roughly trimmed, and merely cut by sawing or otherwise. annual. . 

2Less than 1/2 unit. Dimension Stone. Reported annually in 

Source: U.S. Bureau of the Census as modified by the Bureau of Mines. Mineral Industry Surveys: 

Directory of Principal Dimension Stone Pro- 

| ducers in the United States. 

Leading Country Activity. 

Because land use for other purposes is | between State or local governments and the Market Activity. 

limited, the cost of land is reasonable. quarry operators. 
| Other Sources 

Operating Factors Toxicity.—Stone primary and waste pro- Dimensional |Stone. 

ducts are not toxic, nor are the supplies Industrial Minerals (United Kingdom). 

Enviromental Requirements.—Environ- | utilized in their production. However, suf- Rock Products. 

mental requirements vary from State to | ficient exposure to silica-rich stone dust can Stone Industries (United Kingdom). 

State and are often a cause of conflict | cause silicosis. Stone World. 
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TABLE 15 

U.S. IMPORTS FOR CONSUMPTION OF MAJOR CATEGORIES OF 

DIMENSION MARBLE AND OTHER CALCAREOUS STONES, 

BY COUNTRY, 1989 

Dressed marble Dressed marble - Rough marble! 
slabs other 

Country —-e oes > _c OT O—leeaam'" 
Quantity Value Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 

China 6,033 $2,951 606 $430 417 $245 

France 2,170 2,509 236 304 306 423 

Germany, Federal Republic of 1,250 1,329 484 657 227 288 

Greece 15,777 18,620 1,808 2,049 6,466 1,084 

Italy 126,862 109,082 34,977 32,541 14,894 8,760 

Mexico 3,923 3,029 5,896 3,779 1,652 691 

Pakistan 35 56 $53 860 11 10 

Phillipines 1,247 1,263 473 443 44 42 

Portugal ' 7,728 6,701 1,786 1,634 664 496 

Spain 31,774 23,735 5,275 5,143 1,893 874 

Taiwan 8,003 6,951 6,473 6,678 1,454 1,315 

Other 12,580 10,774 6,851 3,671 1,966 772 

Total 217,382 187,000 65,418 58,189 29,994 15,000 

1Marble - merely cut by sawing or otherwise. 

Source: U.S. Bureau of the Census as modified by the Bureau of Mines. 

TABLE 16 — 

U.S. IMPORTS FOR CONSUMPTION OF OTHER DIMENSION STONE, 
BY TYPE | 

1989 Major source 
Type . Value for 1989 

| Quantity (thousands) (percent!) 

Alabaster, worked monumental or building 
stone short tons 10,433 $1,467 Italy 83%. 

Alabaster, other calcareous monumental or 

building stone do. 14,830 1,029 Italy 81%. — 2 NY OEM 
Calcareous stone-other do. 22,660 10,465 France 48%. KE STANCE FON 
Marble, Travertine and Alabaster and 

Other do. 10,860 8,932 Italy 61%. 

Sandstone, crude or roughly trimmed do. | 23,029 78 India 87%. ——— OO NTA OT Oe 
Sandstone, merely cut, by sawing or 
otherwise do. 4,926 569 India 52%. I EF NT LO 

Sett, Curbstone and Flagstone, of Natural 
Stone do. 24,194 25 United Kingdom 70%. eee IO NN ECOM [VO - 

Slate, Roofing million square feet 10.3 4,474 China 34%. 
eee 

Slate, whether or not roughly trimmed or . 
merely cut NA 3,008 NA 

Slate, worked Slate, articles of Slate, and 
other NA 12,319 NA 

Stone, worked monumental or building 
stone-other short tons 19,642 8,625 Italy 46%. 

Travertine, monumental/building stone and 
articles thereof do. 3,416 3,000 Italy 90%. ee IY 

Travertine, worked monumental or . 
building stone do. 25,173 11,114 Italy 96%. ———_ 2 eee AREY 0 

Other monumental or building stone 
short tons 34,767 3,764 France 52%. $$$ IO TANCE Le 

Other, stone-monumental or building 
stone-articles thereof do. 8,008 1,721 Mexico 82%. EEE NIEXICO OL. 

NA Not available 

IBy value. 

Source: U.S. Bureau of the Census as modified by the Bureau of Mines. 
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TABLE 17 

U.S. IMPORT DUTIES ON DIMENSION STONE 

Tariff item Harmonized tariff Most favored nation (MFN) Non-MFN 

No. Jan. 1, 1990 Jan. 1, 1990 

Slate: 

Rough blocks or slabs 2514.00 3.7% 25% 

Rough blocks or slabs of marble, 

travertine, and other calcareous 
monumental or building stone: 2515 

Marble and travertine: $3.46 $22.95 

Crude or roughly trimmed 2515.11 ‘per cubic meter per cubic meter | 

Marble, merely cut 2515.12.10 2.1% 13% 

Travertine, merely cut 2515.12.20 6% 50% 

Other calcareous | 
stone; alabaster 2515.20.00 6% 50% 

Rough blocks or slabs of, granite, 
porphyry, basalt, sandstone, and 
other monumental or building 
stone: 2516 

Granite: $8.83 : 

Crude or roughly trimmed 2516.11.00 Free per cubic meter 

Merely cut 2516.12.00 4.2% 60% 

Sandstone: $5.30 

Crude or roughly trimmed 2516.21.00 Free per cubic meter 

Merely cut 2516.22.00 6% 50% 

Other monumental or building | 

stone 2516.90.00 6% 50% 

Setts, curbstones, and flagstones 6801.00.00 4.2% 60% 

Worked monumental or building 
stone 6802 

Tiles and cubes under 7 cm square; 
granules 6802.10.00 6.9% 40% 

Other stone and articles with a flat 

or even surface: 

Marble, travertine and alabaster: 6802.21 

Travertine 6802.21.10 6% 50% 

Other: 6802.21.50 2.1% 13% 

Other calcareous stone 6802.22.00 6% 50% : 

Granite 6802.23.00 4.2% 60% | 
Other stone 6802.29.00 7.5% 30% 

Other: 

Marble, travertine, and alabaster 6802.91 

Marble: 

Slabs 6802.91.05 2.8% 15% 

Other 6802.91.15 6% 50% 

Travertine: 

Articles of subheading 
6802.21.10 that have been 
dressed or polished, but not 
further worked 6802.91.20 6% 50% 

Other 6802.91.25 5.3% 40% 

Alabaster 6802.91.30 5.3% 50% 

Other calcareous stone 6802.92.00 6% 50% 

Granite 6802.93.00 4.2% 60% 

Other stone 6802.99.00 6.5% 40% 

Worked slate and articles: 

Roofing slate 6803.00.10 6.6% 25% 

Other 6803.00.50 3.7% 25% 
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By Joyce A. Ober 

Mrs. Ober, a physical scientist with 12 years of industry and Bureau of Mines experience, has been the commodity 

specialist for strontium since 1986. Domestic survey. data were prepared by Maureen Nash, mineral data assistant, and the 

international production table was prepared by Gio Jacarepaqua, international data assistant. 

he production of color televi- | fornia. U.S. celestite mines had at that screened celestite with powdered coal, 

sion picture tube faceplate | time been inactive since World War I, making a black mixture. The mixture is 

glass was once again the larg- | and all demand for strontium minerals | then reduced at about 1,100° C, expel- 

est consumer of strontium | was met from foreign sources. ling oxygen in the form of carbon 

compounds domestically and interna- Strontium carbonate, the most impor- | dioxide from the insoluble strontium 

tionally. Strontium carbonate, recov- | tant strontium compound by far, was | sulfate to form water-soluble strontium 

ered from the mineral celestite, was the | produced by one major company in the | sulfide. 

most important strontium compound | United States. CPC was the only com- Strontium sulfide is dissolved in wa- 

produced. Chemical Products Corp. | pany that produced strontium chemicals | ter and the resulting solution filtered. 

(CPC) of Cartersville, GA, was the | from celestite. The majority of the celes- | Carbon dioxide then passes through the 

only U.S. producer of strontium com- | tite CPC used was from Mexican depos- | solution or soda ash is added. Either 

pounds from celestite. CPC produced | its. CPC utilized the black ash method of | compound provides the necessary car- 

compounds from imported material be- | strontium carbonate production at its | bon and oxygen for strontium carbon- 

cause there were no active celestite | facility. The black ash method and the | ate to form and precipitate from the 

mines in the United States. soda ash method were the two most | solution. The precipitated strontium 

common recovery techniques. The black | carbonate is then removed from the | 

ss ash method, known alternatively as the | solution by filtering and is dried, 

DOMESTIC DATA calcining method, produced chemical- | ground, and packaged. The sulfur re- 

COVERAGE grade strontium carbonate, which con- | leased in the process is either recovered 

ees S| tained at least 98% strontium carbonate. | as elemental sulfur or in other byprod- 

The soda ash or direct conversion | uct sulfur compounds. 

The sole U.S. strontium carbonate | method produced technical-grade stron- In the soda ash method, ground celes- 

producer voluntarily provided domestic | tium carbonate, containing at least 97% tite is washed and most of the water 

production data to the Bureau of | strontium carbonate. removed. The thickened mixture is then 

Mines. However, production and stock The black ash method received its | mixed with soda ash and treated with 

data were withheld from publication to | name because the first step in the pro- | steam for 1 to 3 hours. During this time, 

avoid disclosing company proprietary | cedure involves mixing the crushed and | celestite and soda ash reacted to form 

data. 
The Bureau also estimated the distri- 

bution of strontium compounds by end TABLE 1 

use. Of the 10 operations to which a SALIENT STRONTIUM STATISTICS 

survey request was sent, 8 responded. 

The information collected from this (Metric tons of contained strontium unless otherwise noted ') 

survey represents nearly 100% of the 

end-use data shown in table 2. Con- 1985 1986 1987 1988 1989 

sumption for the nonrespondents was United States SOtCS 
estimated using reported prior-year | “production, strontium minerals _ _ _ _ _ 

consumption levels. “Tmoortsforconsumption: =—SC=<C—~Ss=“‘<s=SstCSt 
mports for consumption: 

Strontium minerals 15,000 13,200 16,900 18,100 12,000 

Strontium compounds 3,600 4,300 5,000 7,800 11,300 

PRODUCTION Exports? (compounds) 17 680 1,600 3,000 3,200 

Shipments from Government stockpile excesses — — — — — 

Although there have been no active Price, average value of mineral imports of 

celestite mines in the United States exportation, dollars per ton at port $97 $107 $95 $85 $76 

since 1959, celestite deposits have been World production? (celestite) 163,000 150,000 182,000 °231,000 ‘244,000 

identified nationwide. During World (Estimated ” Preliminary. seat ig 43.88%». which was used t “units to eelesti 

War II, domestic mining of celestite | 2p.cor data are obtained from the Journal of Commerce Port Import/Export Reporting Service 
resources occurred in Texas and Cali- | *exctudes China and the US.S.R. 
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strontium carbonate and sodium sulfate. CONSUMPTION AND USES netic closures for refrigerator doors. Ap- 
Sodium sulfate dissolves in water, mak- | ——~_—"_ "| plications have expanded to include 
ing it possible to separate the insoluble extensive use in small direct current (dc) 
strontium carbonate by centrifuging. Al- Approximately 80% of all strontium | motors, especially for automotive appli- 
though the soda ash method is a simpler | was consumed in ceramics and glass | cations such as windshield-wiper motors, 
process, the lower grade of the product | manufacture, primarily in television | as well as loudspeakers, other electronic 
causes it to be the less preferred method | faceplate glass and ceramic ferrite mag- | equipment, toys, and magnetically at- 
of recovery. The black ash method is the | nets, but in smaller amounts in other | tached decorative items. 
most common method of strontium car- | ceramic and glass applications. In the Strontium ferrites are used in perma- 
bonate production, and new production | past 20 years, color television produc- | nent ceramic magnets because they 
facilities were under construction using | tion has become the major consumer | have high coercive force, high thermal 
black ash technology. of strontium. Because of unique prop- | and electrical resistivity, and are chem- 
CPC purchased the strontium nitrate | erties that strontium compounds pos- | ically inert.° They retain their magne- 

| production facilities from FMC Corp. | sess, technologies have developed that | tism well, are not adversely affected by 
in Modesto, CA, when that company | take advantage of those properties for | electrical currents or high tempera- 
discontinued production in 1984. The | specific applications. All color televi- | tures, and do not react with most chem- 
company moved the equipment to | sions and other devices containing | ical solvents. Other properties that 
Cartersville and now is also the sole | color cathode-ray tubes sold in the | make the strontium magnets more at- 
U.S. producer of strontium nitrate. United States were required by law to | tractive for specific applications are 

There are several U.S. companies that | contain strontium in the faceplate glass | their resistance to demagnetization and 
_ | produced strontium compounds from | of the picture tube: Strontium blocks | lower density, making them more desir- 

strontium nitrate. Mallinkrodt Inc. of St. | X-rays better than barium, which was | able in applications where weight is a 
Louis, MO, produced strontium chlo- | previously used, and although lead is a | factor. 
ride, and Mineral Pigments Corp. of | better X-ray barrier than strontium, it Barium or lead can replace the stron- 
Beltsville, MD, produced strontium | causes a browning of the glass, which | tium in ferrite magnets, but strontium 
chromate. A few other companies pro- | makes its use undesirable.* Major man- | ferrites have been found to possess the 
duced downstream strontium com- | ufacturers of television picture tube | best combination of properties neces- 
pounds, but on a very small scale. glass incorporate about 8%, by weight, | sary for superior magnets. 

Domestic strontium deposits were op- | strontium oxide in their glass faceplate One of the most consistent and con- 
erated in 1944 near Blanket, in Brown | material. The strontium is added to the | tinuing applications for strontium has 
County, TX; in Nolan County, TX; in | glass melt in the form of strontium | been in pyrotechnic devices. Strontium 
the Fish Mountains in Imperial County, | nitrate, and during processing, it is | burns with a brilliant red flame, and no 
CA; and near Ludlow, CA.’ At that | converted to strontium oxide.* In addi- | other material has been found to be 
time, the major use for strontium chem- | tion to blocking X-rays, the strontium | better in this application. 
icals was for pyrotechnic applications | improves the appearance of the glass, The strontium compound used most 
such as signal flares and tracer bullets | increasing the brilliance and improving | frequently in pyrotechnic devices was 
required for the military effort. Immedi- | the quality of the picture. strontium nitrate. Some strontium 
ately following the war, this demand Trends in television production show | compounds are slightly hygroscopic, 
disappeared, causing domestic produc- | a shift to larger, flatter, tubes that | but strontium nitrate takes on very little 
tion to decrease quickly and eventually | require thicker glass, and therefore, more | water and imparts the desired brilliant 

| taper off to nothing. strontium.’ Although the television in- | red. Strontium carbonate, strontium 
Resources in the United States have | dustry in the United States is considered | oxalate, strontium sulfate, and stron- 

been estimated at 3.2 million metric tons, | mature, there is a continuing demand for | tium chlorate were used in pyrotechnic 
with an identified reserve base of 1.4 | replacement televisions as well as addi- | applications, but strontium nitrate was 
million tons. The reserve figure includes | tional sets in large numbers of house- | used in significantly larger quantities 
material containing no more than 60% | holds. The trend to personal computers | than any of these.’ 
strontium sulfate, which is much too low | and sophisticated, computerized instru- Pyrotechnic devices were used in mil- 
grade to meet today’s rigid specifica- | mentation increased the demand for | itary and nonmilitary applications. 
tions. In addition to deposits operated in | strontium in color monitors for these | Military pyrotechnic applications that 
the early 1940’s, celestite has been dis- | devices. However, development of flat- | contained strontium included tracer 
covered in Arizona, Arkansas, Kentucky, | screen technology that could replace | ammunition, military flares, and ma- 
Michigan, Missouri, New York, Ohio, | cathode-ray tubes continued. Commer- | rine distress signals. Nonmilitary appli- 
Pennsylvania, Tennessee, Utah, and | cialization of flat screens consisting of | cations included warning devices and 
Washington.” liquid-crystal displays or some other ad- | fireworks. 

The metric system is the official sys- | vanced technology could eventually ren- Strontium was used to remove lead 
tem of measurement of most countries. | der cathode-ray tubes obsolete. impurities during the electrolytic pro- 
The Bureau of Mines, in an effort to Permanent ceramic magnets were an- | duction of zinc. Zinc used in die- 
provide statistical data on strontium that | other large end use for strontium com- | casting alloys is required to contain less 
are consistent with international usage, | pounds, in the form of strontium ferrite. | than 0.003% lead. Addition of stron- 
will henceforth report data in kilograms | When these magnets were first devel- | tium carbonate in sulfuric acid to the 
and metric tons unless otherwise noted. | oped, they were used primarily as mag- | electrolyte reduced the lead content of 
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the electrolyte and of the zinc that is | One high-tech strontium ceramic is | that went to Japan, Taiwan, and the 

deposited on the cathode. strontium titanate, which is sometimes | Republic of Korea. Other reported stron- 

The addition of strontium chromate | used as substrate material for semicon- | tium exports were chloride, chromate, 

to paint creates a coating that is resis- | ductors and also in some optical and | ferrite, nitrate, and peroxide, all in rela- 

tant to corrosion. It is an effective | piezoelectric applications. tively small quantities. 

coating for aluminum, most notably on Strontium chloride was used in The Bureau of the Census began 

aircraft fuselages and ships. These | toothpaste for sensitive teeth. For this | using the Harmonized Tariff Schedule 

paints are used to some degree on alu- | application, impurities must be strictly | in 1989 to identify material passing 

minum packaging to prevent package | controlled, with limits of some of them | through U.S. Customs. T his system 

corrosion. The nitrate and chloride | in the parts per million range. !° makes classification codes for imports 

contents of strontium chromate paint Strontium phosphate was used in the | and exports consistent internationally. 

pigment are very strictly controlled to | manufacture of fluorescent lights, and | With the adoption of the new codes, 

prevent corrosion. the entire range of strontium chemicals | imports and export codes for strontium 

Consumption of metallic strontium | was used in analytical chemistry | changed, and some formerly listed de- 

was still a very limited factor in total | laboratories." tails are no longer available. Trade in- 

strontium consumption. Small amounts formation for strontium metal was 

of strontium are added to molten alumi- | __-— —————C—C—“‘—~C—CSCSSSS CCST: grouped with barium under a classifi- 

num to improve the castability of the | PRICES cation of other alkaline earth metals, 

metal, making it much more suitable for | ——--—-___"_"_—__ | making specific information concern- 

casting items that have been traditionally ing strontium unavailable. Strontium 

made from steel. The addition of stron- The average customs value for celes- | chromate data were eliminated. Other 

tium to the melt improves the machin- | tite imported from Mexico, the only | strontium compounds experienced 

ability of the casting.® The use of cast | source in 1989, was about $76 per ton | changes in classification numbers, and 

aluminum parts is currently gaining | ($70 per short ton). This value was | the grouping of compounds differed. 

popularity in the automotive industry. | approximately the same as the average | Because of these changes, foreign trade 

Aluminum parts have not been practi- | customs value reported for 1988. Val- | information for strontium was avail- 

cal before modification techniques were | ues of imported strontium compounds | able for most materials, but the actual 

developed. The reduction in the car | varied according to the type of com- | reported figures for celestite from the 

weight by using cast aluminum parts | pound and the country of origin. Bureau of the Census differed from 

instead of steel helps to improve energy what was expected based on recent 

efficiency of the automobiles incorpo- | ____—=—=—=S—C‘—CSCSCSCCC_ | trends in foreign trade. A decrease in 

rating these parts. FOREIGN TRADE imports of celestite was expected, but a 

At the present time other strontium | ———-—————————————_—__ | decrease of nearly 40% did not corre- 

end uses consume only small amounts spond with reports from other sources. 

of strontium and strontium com- According to the Port Import/ According to Census, Mexico be- 

pounds. As mentioned previously, the | Export Reporting Service of The Journal | came the most important source for 

presence of strontium in glass applica- | of Commerce, U.S. exports of strontium | imported strontium compounds, and 

tions improves the brilliance of the | compounds were about 5,300 tons, a | the Federal Republic of Germany was 

glass. It also improves the quality of | 10% decrease from the exports reported | second. Imports of strontium carbon- 

certain ceramic glazes as well as elimi- | from the same source in 1988. Of these | ate increased about 50%; imports from 

nating the toxicity that may be present | exports, 98.5% was strontium carbonate | Mexico were more than twice the level 

in glazes containing lead or barium.” 

TABLE 2 TABLE 3 

U.S. ESTIMATED DISTRIBUTION U.S. IMPORTS FOR CONSUMPTION OF STRONTIUM MINERALS,’ 
OF PRIMARY STRONTIUM BY COUNTRY 

COMPOUNDS, BY END USE | 
a 

(Percent) 1988 1989 

Country Quantity Value? Quantity Value? 

End use 1987 1988 1989 (metric tons) (thousands) (metric tons) (thousands) 

Electrolytic production of France 30 $9 —_ _ 
zinc 5 4 4 | Germany, Federal 

Ferrite ceramic magnets 11 11 10 | _Republicof 34 29 — — 

Pigments and fillers 5 4 3 Mexico 38,681 2,988 25,640 $1,956 

Pyrotechnics and signals = :113—C's«d10s'i‘iéit S| SPAIN AT ___ 476 _ oo 

Television picture tubes 63 68 70 Total 4D 85025640 

Othr | 3 3 3 _ Celestite (strontium sulfate). 
SK ee leer i CTS Customs value. 

_Total —C*OD— 100100 Source: Bureau of the Census. 
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reported in 1988. Strontium carbonate TABLE 4 

from Germany decreased nearly 30% | U5, IMPORTS FOR CONSUMPTION OF STRONTIUM COMPOUNDS 
as Mexico took over that market. Im- AND METAL, BY COUNTRY 
ports of strontium nitrate nearly tripled 
after 2 years of decreases. egg 

Country Kilograms Value! Kilograms Value! 

wre eee a weqnureenees OO —~_ | Strontium carbonate: 

WORLD REVIEW Canada 18,000 $11,176 18,000 $11,256 

France — — 216,000 131,602 
Capacity Germany, Federal Republic of «6,243,741 «3,831,489 «4,427,276 +~—=—«-2, 992, 291 

The data in table 5 are annual rated Italy 3,010 5,280 3,648 3,520 
capacity for chemical processing plants Japan 8,240 29,769 934,883 635,860 
as of December 31, 1989. Rated capac- | “Mexico =———<“<i«‘<;CS*«S«OATABL~«O«C3 122,012 —«'1:2,872,502 6,669, 611 
ity is defined as the maximum quantity | “UnitedKingd@om sst—<CSstS 12,988 22,541 6,137 11,012 

| of product that can be produced Ina|~ “Total ~~~~~—~—~S*«*«*~“C«~S~*:S«S‘, 333,460 -—=«7 «022,267 «18,478,446 10,455,152 
period of time on a normally sustain- |< _ 2 == oO 
able long-term operating rate, based on Strontium chromate: 
the physical equipment of the plant, | _Austala 2,310 13,365 NA NA 
and given acceptable routine operating | _Belgtm 24,619 83,080 NA NA 
procedures involving labor, energy, ma- | _©Camada 6,350 17,923 NA NA 
terials, and maintenance. Capacity in- France 62,999 181,945 NA NA 
cludes both operating plants and plants Germany, Federal Republic of 17,962 44,748 NA NA 

temporarily closed that, in the judgment Korea, Republic of 7,346 19,804 NA NA 
of the author, can be brought into pro- Total 121,586 360,865 NA NA 

| duction within a Short period of time | Syontium nitrate. 2 | © OOS 
wan minimum capita’ expenditure. ~ Germany, Federal Republic of _ _ 600 8 536 

ist, ore production capacity and com. | IY S812 175,028 43,003, 0,725 
pound production capacity. Strontium Mexico 24,658 22,795 371,849 946,291 
compound capacity was deemed the | _SPa!@_ 70073050 18,000 17,100 
more important for several reasons. | Tol _ 220,770 _ 270,833 633,452 612,652 
Essentially all strontium is consumed in | Strontium compounds, other: 
compound form, primarily as the car- Canada 42 1,284 — — 
bonate and to a lesser extent as the China _ _ 17,000 4,482 
nitrate. Strontium carbonate is also the France 44,166 158,334 — _ 
intermediate product in production of Germany, Federal Republic of 24,098 132,519 — ~— 
downstream compounds. At least 12) aly 1,194 1,169 _ _ 
countries mined celestite in 1989. Virtu- Japan tst—<CSsSSSS 224,554 457,535 _ _ 
ally all of the celestite mined annually is | ——>——-.7$#- 
consumed in the production of strontium Netherlands 8 4,080 7 
carbonate and other strontium com- | —Ume¢Kimedom B83 NAB 
pounds. Very little strontium was con- | _—_Total 8 ISS __ 932,267 17,000 __ 4,482 
sumed directly in the mineral form. Strontium salts (potassium oxalate 

Listing both ore and compound pro- _and othersyy 
duction capacity could be misleading, | _Beleum 1,257 7,000 NA NA 
possibly resulting in double-counting of | _©@744@_ 20,200 7,960 NA NA 
strontium capacity. Because most ore is Japan 600 4,570 NA NA 
produced for market by means of very Switzerland 1,000 5,513 NA NA 
simple sorting and beneficiation tech- Total 23,057 25,043 NA NA 
niques, capacity can easily be raised to | Strontium sulfate (other than celestite): 
meet increased demand. Strontium car- Canada 19,051 2,843 NA NA 
bonate production capacity is the limit- | strontium metal, unwrought: = == 
ing factor in strontium production, Te- | Canada sti(i‘i‘:SOCO!;!;!;~;~™ 34,342 694,973 NA NA 
quiring complicated and sophisticated “Mexico 107 4,009 NA NA 
processing facilities. Therefore, stron- | —-—222-2__—_$_ —————_ —S§ Ss SS — — 
tium carbonate production capacity, re- Total 84 698,982 NACA 
ported in terms of contained strontium, | ‘a. 
was selected for tabulation. Construction |g uice: pureau of the Census 
to expand strontium carbonate capacity 
has increased because of the continued 
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growth in international sales of color | TABLE 6 

television. Sets. a for the Unit 4 Stat STRONTIUM MINERALS: WORLD PRODUCTION, BY COUNTRY ' 
apacity data for nited States | 

were estimated based on celestite im- (Metric tons) 

ports, assuming an 85% recovery of | 

strontium from celestite containing a Country” 1985 1986 1987 1988? 1989° 

minimum ore grade of 90% strontium | Algeria® 5,400 5,400 5,400 _ 5,400 5,400 | 

sulfate. Capacity information for other | Argentina 983 1,133 1,349 2,120 1,400 

countries was compiled from published | Cyprus (celestite) 1,400 7,365 6,300 @) _ 

reports. Iran (celestite)® 4 20,000 22,000 22,000 22,000 22,000 

Algeria Italy 4,611 4,667 177 ) — 

Celestite was mined in Algeria from Mexico (celestite) 32,320 24,042 47,739 81,452 71,000 

a surface deposit near Beni Mansour. | Pakistan 718 997 1,083 488 300 

Estimated reserves were more than I mil- | Sp#im__— 89 FO 34,500 * 40,000 * 40,000 40,000 

lion short tons. The deposit was mined | Turkey* 35,000 35,000 35,000 ° 54,000 59,000 

by Enterprise des Produits Non-Ferreux | United Kingdom 23,039 14,739 22,655 25,553 25,000 

et des Substances Utiles ENOF) and was Total 162,572 149,843 181,703 231,013 244,300 

controlled by L’Enterprise Nationale de | ‘Estimated. ° Preliminary. 
Developpement Miniere (Edemines), a Table includes data available through May 23, 1990. 

o oe rie . In addition to the countries listed, China, Poland, and the U.S.S.R. produce strontium minerals, but output is not reported 

division of Societe Nationale de Recher ~ quantitatively, and available information is inadequate to make reliable estimates of output levels. 

ches et d’Exploitations Miniéres (SON- | *Revised to zero. 
AREM). No strontium has been ex- sata ~ in year beginning Mar. 21 of that stated. 

ported in recent years, but in the past, Pore NEES . 

up to 3,600 tons per year has been 
exported to Soviet Bloc nations and the | 

Federal Republic of Germany. Al- | reserves of more than 1 million tons of 

though the celestite was relatively low | celestite, with grades ranging from 60% 

TABLE 5 grade, only about 70% strontium sul- | to 65% strontium sulfate. Reopening 

fate, it contained low concentrations of | the mine has been considered, but the 

WORLD STRONTIUM barite, silicate, gypsum, and iron, mak- | low grade of the ore makes economic 

CARBONATE ANNUAL ing it possible to concentrate the ore to | feasibility questionable. Other stron- 

PRODUCTION CAPACITY, acceptable levels using only gravity sep- | tium deposits have been identified in 

DECEMBER 31, 1989 aration. The deposit has not been fully | British Columbia, Newfoundland, and 

(Metric tons) exploited, but there is interest in further Ontario,'* but none as significant as 

development. !” the deposit in Nova Scotia. Timminco 

ted Metals was the largest producer of 

Country capacity! | Argentina strontium metal in the world and the 

NorthAmerica: Celestite mining was controlled by | only producer of strontium metal in 

"Mexico. ————— 34,0000 the Argentine Mining Union at the San | North America. The company recently 

United Statese??—S*=<CS*~CS*, 000 Juan Mine in the Province of Men- completed a new processing facility in 

—“Toml 000" doza. Celestite has been identified at Westmeath, Ontario, which increased 

__fotah EEE | several other small mines, the Maria | the potential strontium output by more 

Europe; Del Carmen and Don Luis Mines also | than 40%.'° The strontium production 

__Germany, Federal Republic of* ‘15,000 _| in Mendoza Province and the Rayoso, | facilities in Westmeath and the old fa-. 

Spain 8,000 | Julio, Cerro Partido, and Llao Llao | cilities in Haley, Ontario, produce 

US.S.R. (*) | Mines in the Province of Neuquen. It is | strontium metal by the aluminothermic 

United Kingdom (4) | unlikely that any production was car- | reduction of strontium oxide. 

Total 23,000 | ried out on a regular basis at these 

Asia: ———— | mines. Most Argentine production was China 

“China ~C*«*«i: 800] EXPOted to Brazil ."° Celestite was mined in China almost 

Japan? ——S~=~=—<—~stsSSSCs«CST 000 exclusively for domestic consumption. 

Korea, Republicof ~—~SC~S'0,000 Canada An ore-dressing facility at the Nanjing 

—wToalSst=<“<i~=CSttS 2 BOD Canada has produced celestite ore in Mine in Jiang Su Province has a capac- 

10a LS | the past from the McRae deposit, also | ity of 10,000 tons per year. The Nanjing 

__World total iD BDO known as the old Kaiser Celestite Min- | deposit is reported to be high grade and 

Theteded capacity at operating plants as well as plants on 2 ing Ltd. mine. It is located at Enon, | close enough to the surface for open pit 

standby basis. Cape Breton County, Nova Scotia. mining.!° Past import data indicated 

5 production was entirely | from imported celestite Mineral rights were acquired by Tim- | that strontium chemical plants must 

«Srrortiars carbonate production capacity existed in thee coun. | ™iNCcO Metals, a division of Timminco | exist, but no specific details were avail- 

tries, but specific data were not available. Ltd. of Toronto. Exploration identified | able. Reports indicated that Japan im- 
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ports strontium carbonate from China | sulfate product was sold domestically.”° | to the growing television industry in 
and that strontium carbonate from | Annual production capacity at the | that country. The black ash method 
China has also been reported in the | mine was 7,300 tons per year, but pro- | will be used.”* 
United States. duction ceased in 1988. Some of the 

processed ore has been exported to the | Mexico | 
Cyprus U.S.S.R. in the past.7’ Other deposits Mexico was the world’s largest pro- 

Celestite mining began in Cyprus in | are known to exist in the interior of | ducer of celestite in 1989. The most 
1985 at Vassliko, near Limassol, in | Sicily, although none are presently be- | recent Directory of Mexican Non- 
southern Cyprus. The mine was oper- | ing mined. Societa Bario e Derivati, a | Metallic Minerals Trust lists 11 compa- 
ated by Hellenic Mining Co. Ltd. The | subsidiary of Kali-Chemie of the Fed- | nies currently mining  celestite. 
ore averaged about 54% strontium sul- | eral Republic of Germany, produced | Compania Minera La Valenciana SA 
fate and, therefore, required concentra- | strontium nitrate at Massa. Production | (CMV) mined celestite from the San 
tion to make it marketable. The ore was | and capacity figures were not available, | Agustin deposit near Torreén and 
beneficiated through a flotation proc- | but it was known that most of the | Compania Minera Ocampo SA mined 
ess to reach 94% strontium sulfate. The | production goes to the United States.7* | a deposit near Saltillo in Nuevo Leon 
reserves have been determined to be State, as well as some small production 
200,000 tons of celestite.!’ No mining | Japan in Hidalgo, Aguascalientes, and Chi- 
has occurred for the past 2 years. No celestite was mined in Japan, but | huahua States. Reserves of the San 

that country was the largest consumer | Augustin Mine alone have been esti- 
Germany, Federal Republic of of strontium carbonate in the world, | mated at more than 725,000 tons. Sales 

Kali-Chemie AG of Hannover pro- | mostly due to its large television and | y Oxidos (SYOSA), formerly 49% 
duced strontium carbonate from im- | electronics industry. Four companies | owned by a U.S. company, Church and 
ported celestite at its plant at Bad | produce strontium carbonate from im- | Dwight, mines west of Monterrey. Kali- 
Hoenningen. The major western Euro- | ported celestite. Honjo Chemical Corp. | Chemie bought Church and Dwight’s 
pean producer used the black ash | operated a production facility for | share of SYOSA. Other small opera- 
method in the recently expanded pro- | 18,000 tons per year of carbonate at | tions occur in Coahuila, Aguascali- 
duction facilities. Plant capacity is es- | Neyagawa in Osaka using celestite from | entes, Chihuahua, and Nuevo Leon. 
timated to be 15,000 tons per year. | Spain and China. Sakai Chemical In- | Mexican celestite is primarily high 
Kali-Chemie imported most of its cel- | dustries Co. also produced strontium | grade, and only hand sorting is re- 
estite from Spain and Turkey; it ex- | carbonate, by the black ash method, in | quired to achieve at least 92% stron- 
ported 80% to 90% of the production, | Osaka at a 12,000-ton-per-year plant | tium sulfate with low barium content. 
most of which goes to the United States | using Chinese, Mexican, and Spanish | Abandoned mines and easily identified 
and the Republic of Korea. Kali- | celestite. Japan Special Chemicals | deposits that have not yet been devel- 
Chemie also produced strontium hy- | (Nihon Tokushu Kasei) and Dowa | oped are common throughout a large 
droxide and strontium nitrate. The ni- | Chemicals also produced strontium | area in northern Mexico. These depos- 
trate was produced by its Italian | carbonate, but on a much smaller | its have not been extensively explored, 
subsidiary, Societa Bario e Derivati | scale. The total capacity for both com- | but reserves are believed to be vast. 
SpA, in Massa.!® panies was only about 1,100 tons per Strontium carbonate production has 

year. These two companies used celes- | been a recent development in Mexico. 
Iran tite from Spain.” Because of the huge celestite resources 

One of the world’s largest celestite in the country, this is a very attractive 
deposits is in the northwestern part of location for additional production fa- 
the Dasht-e-Kavir salt desert. The de- | Korea, Republic of cilities. After a major U.S. strontium 
posit was mined by Iran Strontium Co., Although celestite deposits have not | carbonate and strontium nitrate pro- 
a subsidiary of Cherkate Sahami Sanati | been identified in Korea, its growing | ducer (FMC Corp.) closed its plant in 
Va Maadani Irani (Simiran). Average | electronics and television industry has | 1984, Cia. Minera La Valenciana SA 
strontium sulfate values for the deposit | prompted a European company to | bought the strontium carbonate pro- 
were reported at more than 91%, but | form a joint venture with a Korean | cessing equipment from the FMC plant 
there were unfavorably high levels of | firm. The companies planned to build | in California. The plant, which utilized 
barium sulfate and calcium sulfate. | production facilities for strontium car- | the soda ash method of carbonate pro- 
Proven reserves total 1.8 million tons of | bonate and barium carbonate. Kali- | duction and was converted to the black 
celestite, 430,000 tons of which have no | Chemie, in a joint venture with Sam- | ash method, was relocated to Torreon 
overburden. '? Most of the celestite pro- sung Corning Ltd., Korea, formed | in Coahuila State, near. a company- 
duced from this deposit is believed to | Daehan Specialty Chemicals Co. Ltd. | operated a mine. The plant capacity 
go to the U.S.S.R. and built a strontium carbonate and | was expanded to 22,000 tons per year in 

barium carbonate plant. The plant was | 1989. Shipments from the plant, tar- 
Italy expected to begin operation in May | geted for the television and electronics 

Mining has been done by Minera | 1990 with a production capacity of | industry in the Far East, commenced in 
Chimica Farnesiana SpA in Tarquinia, | 40,000 tons per year of strontium car- | May 1987. SYOSA expanded strontium 
near Rome. Most production of this | bonate and barium carbonate, com- | carbonate capacity at its plant near 
75% strontium sulfate and 5% barium | bined. The production will be targeted | Monterrey to 15,000 tons per year. SY- 
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OSA, which produced carbonate by the | mate in the region, the mine can only continue at their current, slower rate. 

black ash method from celestite it | be operated on a seasonal basis, from | Development of a technology to pro- 

mines nearby, is marketing its produc- | May to October. Another mine near | duce an affordable flat television dis- 

tion in the United States.”° Sivas was formerly operated by Bilfer | play could severely reduce the demand 

| Madencilik AS, which reestablished | for strontium carbonate. Although a 

Pakistan concessions for future celestite mining. | high-quality, large, flat screen is not yet 

All mines in Pakistan are the prop- | Identified reserves have been placed at | available, small models are, and re- 

erty of Provincial governments and are | 550,000 tons, and further reserve po- search continues to perfect the technol- 

operated by private companies for the | tential is estimated to be greater than 2 | ogy. The question remains whether a 

governments. Recent celestite produc- | million tons. Turkish celestite was pri- | new display system can be developed 

tion figures have been reported for two | marily exported to the Federal Republic | that will be economically attractive to 

active mines, one near Dawood Khail | of Germany.°” the general public. Initial devices are 

and one near Karachi.”’ Tawakkal Min- expected to find application in military 

eral Exports Corp. recovered celestite | U.S.S.R. hardware and other sophisticated med- 

from these mines in the Dadu District Very little is known about Soviet | ical and scientific instrumentation. But 

of Sind Province. No beneficiation was | production of strontium minerals. De- | flat screen display systems may eventu- 

necessary to produce 94% strontium | posits are known in the Karakum | ally replace cathode-ray tubes, and, at 

sulfate. Reserves of celestite have not | Desert, Zaunguz Plateau; Permian de- | that point, strontium producers may 

been quantified at this location.2® | posits near Bashkir; caprocks of the | experience a serious setback. 

Other deposits with 500,000 tons of | Romy and Isachkov salt domes; Pinega 

reported reserves have been identified | area, Archangel Province; Yakutsk, 

in the Punjab Province.? eastern Siberia; and in Turkestan from | BACKGROUND 

| eastern Fergana to the shores of the » ———————_—_______ 

Spain | Caspian Sea, and from southeastern 

Spain was another of the largest cel- | Bucharia to the shores of the Sea of Resources 

estite producers worldwide. Celestite | Aral. Reserves are believed to be very Strontium occurs commonly in na- 

was produced from the Montevive de- | large, but the ore grade is probably not | ture, averaging 0.034% of all igneous 

_| posit, which was operated by Herederos high.7? No details are available con- | rock; however, only two minerals, cel- 

de Aurelio Farjardo Vilches, with sales | cerning the production of strontium | estite and strontianite, contain stron- 

and marketing handled by Bruno SA. | carbonate in the U.S.S.R. except that | tium in sufficient quantities to make its 

Selective mining and hand sorting was | there is production, probably from do- | recovery practical. Of the two, only 

all that was necessary to produce ore | mestic celestite as well as from imports | celestite has been found to occur in 

grades of more than 92% strontium | from Iran and Turkey. deposits of sufficient size to make de- 

sulfate, although a concentration plant | velopment of mining facilities currently 

has been constructed. Reserves are be- | United Kingdom attractive.°° Celestite, the most com- | _ 

lieved to be at least 2 million tons. Most Celestite deposits, which occur inthe | mon strontium mineral, consists pri- 

Spanish production is exported to Ja- | Bristol area, were mined by Bristol | marily of strontium sulfate. Strontian- 

pan, although some remains in Spain, | Minerals Co. Ltd. The ore is crushed, | ite, the second most common mineral, . 

and the rest is exported to the Federal | washed, and graded to achieve a prod- | consists primarily of strontium carbon- 

Republic of Germany.*° Promotora de | uct with 95% strontium sulfate. Re- | ate. Strontianite would be the more 

Industria del Sur (Proinsur SA) pro- | serve estimates vary from 100,000 to | useful of the two common minerals 

duced strontium carbonate and stron- | 500,000 tons.** The British deposits | because strontium is used most com- 

tium nitrate at a combined facility near | continue to be encroached upon by | monly in the carbonate form, but few 

Granada. The plant has a theoretical | large-scale housing developments, lim- | deposits have been discovered that are 

design capacity of 8,000 tons per year | iting possible exploitation of the min- | suitable for development.*’ In almost 

of carbonate but has never reached this | erals to the near future. This was one of | all instances, celestite deposits occur in 

capacity. Strontium carbonate was pro- | the few sites where celestite deposits are | remote, undeveloped locations far from 

duced by the soda ash method. The | not in remote locations.*° population centers in areas where inex- 

plant also has a production capacity of pensive labor is available for mining. 

about 3,000 tons per year of nitrate, | _.-—=§= = C“‘CCSCS[:« urge’ deposits of high-grade celestite 

which has not yet been fully utilized.*" | QUTLOOK have been discovered throughout the 
a | world. Strontium commonly occurs 

Turkey along with barium and calcium, two 

Turkey competes with Mexico, The future looks bright for the stron- | elements properties very similar to 

Spain, and Iran in claiming the world’s | tium industry for the near term. Con- strontium, thus making separation dif- 

largest strontium reserves. Barit Maden | tinued growth is expected in the color ficult. Because removing many impuri- 

Turk AS produced celestite from a | television industry, and larger screens | ties from celestite is difficult and energy 

mine near Sivas. Run-of-mine ore was | are expected to increase in popularity. | intensive, current strontium chemical 

gravity separated to produce a concen- | Demand for strontium carbonate for producers require material to contain at 

trate with a minimum of 95% stron- | television application should expand | least 90% strontium sulfate. Most of 

tium sulfate. Because of the harsh cli- | likewise. Other markets will probably | the currently operating celestite facili- 
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Survey. BuMines IC 7933, 1959, 45 pp. Tech Defense Material. State Dep. Telegram 10195, Apr. Technology 

3Wagner, R. G. Glass as a CRF Fabrication Material | 27, 1988, 1 p. " 
in the 1980’s. Glass, v. 63, No. 6, 1986, pp. 191-192. 22Economics of Strontium, 4th Ed. 1986. Roskill | Other Sources: 

*Oil, Paint, and Drug Reporter. Strontium Carbonate Information Services Ltd. (London), 1986, p. 35. Amer ican Ceramic Society Bulletin, 
Growing as More Color TV Sets Turn On. V. 195, No. 23U.S. Embassy, Tokyo, Japan. Japanese Data on monthly. 
26, 1969, PP. 4, 27-28. Gallium, Indium, Silicon, and Strontium. State Dep. Chemical Marketing Reporter, weekly. 

Work cited in footnote 3. Telegram 10820, June 9, 1988, p. 2. - Engineering and Mining Journal, Sutarno, W., S. Bowman, and G. E. Alexander. The Industrial Minerals (London). Solvay Invests in 
Magnetic and Ceramic Properties of Mixed Barium- Strontium Carbonate Facility, as CMV Doubles Capac- monthly. 

Strontium Ferrites. J. Can. Cer. Soc., v. 39, 1970, pp. | ity. No. 262, 1988, p. 8. Industrial Minerals (London), monthly. 
33-40. 25U. S. Embassy, Mexico City, Mexico. Strontium Ore Mining Annual Review (London). 

Davis, T. L. Pyrotechnics. Sec. from The Chemistry | Production in Mexico. State Dep. Telegram 08752, Apr. Mining Engineering, monthly. 
of Powder and Explosives. John Wiley and Sons (Lon- | 14, 1988, 2 pp. | Mining Journal (London). 
don), v. I, 1941, pp. 58-86. 26Work cited in footnote 26. . . 3 a . 7 Mining Magazine (London). Traekner, F. O. Practical Techniques in Casting U.S. Embassy, Islamabad, Pakistan. USBM Study: . . . 
Aluminum-Part I. Foundry M&T, v. 110, No. 3, 1982, High Tech Defense Material Supply. State Dep. Tele- Roskill Information Services Ltd. 
pp. 40-43. gram 09360, Apr. 28,1988, 1 p. (London). 

*Work cited in footnote 2. *8Griffiths, J. Pakistan’s Mineral Potential. Indus- World Mining, monthly. 
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By David E. Morse 

Mr. Morse, a physical scientist with 14 years Bureau of Mines experience, has been the commodity specialist for sulfur 
since 1981. Domestic survey data were prepared by Mrs. Jessie G. Austin, mineral data assistant; and the international data 
table was prepared by Mr. Harold D. Willis, international data assistant. 

he United States retained its | Nearly five-eighths of the world’s ele- | the demand for sulfur. 
; position as the world’s fore- | mental sulfur production came from World consumption decreased, espe- 

most producer and consumer | recovered sources; the quantity of sul- | cially in the fertilizer-producing coun- | 
of sulfur and sulfuric acid in | fur supplied from these sources was |: tries of North Africa. Consumption for 

1989. Production from U.S. Frasch | dependent on the world demand for | a myriad of industrial uses continued 
mines increased significantly to nearly | fuels and petroleum products, not on | to be pressured by environmental con- 

3.9 million metric tons. One Frasch 
mine was deactivated and plans were 
announced for the development of a TABLE 1 
major salt dome discovery on Federal | 
lease block Main Pass 299 in the Gulf SALIENT SULFUR STATISTICS 

of Mexico, which had been acquired (Thousand metric tons, sulfur content, and thousand dollars unless otherwise specified) 
from the U.S. Department of the Inte- 
rior in 1988. a 

Production of recovered elemental BS 9G 91998 
sulfur, a nondiscretionary byproduct of | United States: 
petroleum refining and natural gas proc- | Production: 
essing, continued to increase and set a Frasch 5,011 4,043 3,202 3,174 3,888 
record-high production standard. Re- Recovered ' 5,313 5,816 6,161 6,444 6,510 
covered elemental sulfur shipments to Other forms 1,285 1,228 1,176 1,128 1,194 

domestic consumers were greater than Total 11,609 11,087 10,539 10,746 11,592 
Frasch shipments and recovered sulfur Shipments: TT 

exports, primarily from California | ~~ fFrasch == —t—~—i«é««STB 4,108 3,610 4,341 3,780 
where sulfur supplies exceeded local | ~~ Ricovered’ ( (‘; ;2CSW 5,266 5,798 6,180 6,470 6,475 

fur epotte higher than Frasch sul- | ~“Gierforms SSst=<CSs~S«s 28S 1,228 1,176 1,128 1,194 

Byproduct sulfuric acid from the Na- Tera 11,229 11,134 10,966 11,939 11,449 
tion’s nonferrous smelters and roasters, | —EXPorts. elemental” 13655 1,895 1,242 1,223 1,024 
essentially mandated by laws concern- | _!mports, elemental 2 104 1,347 1,599 1,996 2,260 
ing sulfur dioxide (SO,) emissions, Consumption, all forms 11,968 10,586 11,323 12,712 12,685 

supplied a significant quantity of sul- Stocks, Dec. 31: Producer, 
furic acid to the domestic merchant | __Fraschandrecovered 2,799 2,748 2,316 21301 
acid market. Marketing sulfuric acid Value: 
continued to be difficult for some pro- Shipments, f.o.b. mine or 
ducers because smelters were located | Plants, 
near western copper mines and far Frasch $573,570 $508,512 $386,834 $430,814 $378,712 

from major sulfuric acid markets. | Recovered ! 485,084 533,752 492,136 498,368 509,582 

Total world production of sulfur in Other forms 123,937 105,639 90,707 88,181 104,304 

all forms increased slightly compared Total 1,182,591 1,147,903 969,677 1,017,363 992,598 

to 1988; Frasch sulfur output increased | Exports, elemental? $189,248 $251,664 $139,431 $131,863 $107,126 
because of activities in the United | “{mports, elemental? === $199,240 $142,220 $152,096 $185,864 $209,465 
States and Iraq. Recovered elemental ~ Price, elemental, dollars per 

production increased in Asia, de- metric ton, f.o.b. mine or plant $106.46 $105.22 $89.78 $85.95 $86.62 
creased slightly in Western Europe and | word: Production, all forms 
North America because of declining | (including pyrites) "53,771 "53,601 56,068 P 58,096 © 58,348 
production from gas plants, and fell | ¢kstimated. ? Preliminary. ‘Revised. 

significantly in Eastern Europe because p includes Puerto Rico and ihe Virgin islands. . | 

of continuing technical Pp roblems at gas includes value of cxports from the Virgin Islands to foreign countries. 

processing facilities in the U.S.S.R. | ‘Dectared customs valuation. 
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FIGURE | | . 

_ TRENDS IN THE SULFUR INDUSTRY IN THE UNITED STATES 
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straints placed on the products pro- | Frasch mines operating in Texas and | million long tons of sulfur on its Fed- 

duced or effluents from the chemical | Louisiana. Mines in Louisiana were | eral lease block, Main Pass 299, which 

processes utilizing sulfur or its major | Freeport Sulphur Co., at Garden Island | is offshore in the Gulf of Mexico 17 

derivative, sulfuric acid. World trade of | Bay on the Mississippi River Delta, and | miles from the mouth of the Missis- 

elemental sulfur decreased, by more | Grand Isle and Caminada Pass, 7 miles | sippi. River. The announcement was 

than 2.8 million metric tons. Although | and 9 miles, respectively, offshore in | based on the results of five exploratory 

individual country sulfur inventories | the Gulf of Mexico. Mines in Texas | holes. Additional drilling in 1989 which 

showed important variations from | were Pennzoil Sulphur Co., at Culber- | delineated the size of the salt dome 

yearend 1988, total world producers | son, and Texasgulf Inc.(TG), at Boling | deposit brought the total reserve to 67 

stocks of elemental sulfur were essen- | Dome in Wharton County and at its | million long tons, which made Main 

tially unchanged, which was a depar- | Comanche Creek facility near Fort | Pass 299 the second largest domestic 

ture from the annual decreases that had | Stocton in western Texas. TG deacti- | sulfur deposit yet discovered. Freeport 

been characteristic of the 1980’s. vated the Comanche Creek mine at the | planned to bring Main Pass 299 into 

end of October, citing low prices and | production in late 1991 or early 1992, 

ee sSSsChigh operating costs as the underlying | which would require an investment of 

DOMESTIC DATA | reasons for the closure. At yearend the | over $550 million. Pennzoil performed 

| COVERAGE Frasch mining industry was operating | exploratory drilling operations on two 

| at about 80% of rated capacity. of the three offshore Federal leases that 

In December 1988, Freeport McMo- | it had acquired in 1988. Placer Dome 

Domestic production data for sulfur | Ran Resource Partners, operator for a | U.S., Inc. as operator in a joint-venture 

are developed by the Bureau of Mines | consortium that included the IMC Fer- | agreement with Gold and Mineral Ex- 

from four separate, voluntary surveys | tilizer Group, Inc. and Felmont Oil | ploration NL and Laverton Gold NL, 

of U.S. operations. Typical of these | Co., reported a geologic reserve of 50 | (both of Australia) drilled six explor- 

surveys is the “Elemental Sulfur” sur- 
vey. Of the 177 operations to which a 
survey request was sent, 175 responded, TABLE 2 

representing 99.99% of the total pro- PRODUCTION OF SULFUR AND SULFUR-CONTAINING RAW 
duction shown in tables 1 and 2. The MATERIALS IN THE UNITED STATES 

production of the nonrespondents was 
estimated using prior production histo- | (Thousand metric tons) 
ries adjusted to reflect trends in output | 
of their primary products. 1988 1989 

| Gross Sulfur Gross Sulfur 

weight content weight content 

PRODUCTION Frasch sulfur 3,174 3,174 3,888 3,888 

Am NA —=_|_ Recovered sulfur ! 6,444 6,444 6,510 6,510 

Byproduct sulfuric acid (100% 

Sulfur is one of the few elements that | basis) produced at copper, lead, 
occurs in the native, or elemental, state. molybdenum, and zinc plants 3,443 1,125 3,641 1,190 

It also occurs combined with iron and | Other forms” 7 3 8 4 

base metals as sulfide minerals, and with Total XX 10,746 XX 11,592 

the alkali metals and alkali earths as | xx Not applicable. 
sulfate minerals. In petroleum, sulfur is Includes Puerto Rico and the Virgin Islands. 

. . . Includes hydrogen sulfide, liquid sulfur dioxide, and pyrites. 
found in a variety of complex organic 
compounds, and in natural gas as hydro- . 

gen sulfide (H,S) gas. In coal, sulfur 
occurs in complex organic compounds TABLE 3 

and as “coal brasses” (pyrites/marcasite). SULFUR PRODUCED AND SHIPPED FROM FRASCH MINES 

Commercial production of sulfur in the IN THE UNITED STATES 

ots of methods detad by the by a var (Thousand metric tons and thousand dollars) 

sulfur. Ee 
Production Shipments 

Frasch Year Texas Louisiana Total! Quantity Value? 

Native sulfur associated with thecap- | 1985 2,940 2,071 5,011 4,678 573,570 

rock of salt domes and in sedimentary | 1986 2,463 1,579 4,043 4,108 508,512 

deposits is mined by the Frasch hot | 1987 1,833 1,369 3,202 3,610 386,834 

water method, in which the native sul- | 1988 1,991 1,183 3,174 4,341 430,814 

fur is melted underground and brought 19899 2,380 1,508 3,888 3,780 378,712 

to the surface by compressed air. In | ipgamayno:addtwtotals shown because of independent rounding. ~=C*=“‘S~S*“‘CNOSN(SNSNSOOOOOOOO 
January 1989, the United States had six | ?Fob. mine. 
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| atory holes on the Mustang Draw prop- | largest recovered-sulfur producers in | cember that adversely effected petro- 
erty in Glasscock County, TX. Prelim- | 1988 were Chevron U.S.A. Inc., Exxon | leum refinery operations in the south 
inary estimates of the inplace sulfur | Co. U.S.A., Shell Oil Co., Standard Oil | and midwest. The Hess refinery in the 
resource were 4.5 to 7.9 million tons of | Co. (Indiana), and Star Enterprise. The | U.S. Virgin Islands was shut down for 
sulfur with the depth to the top of the | 54 plants owned by these companies | several weeks by a major Atlantic hur- 
sulfur bearing interval ranging from | accounted for 62% of recovered ele- | ricane that devastated St. Thomas. 
2,500 feet to 2,800 feet. In addition to | mental sulfur output during the year. | 

| the Mustang Draw prospect, Placer be- Refinery sulfur output was restricted | Byproduct Sulfuric Acid 
gan an exploration program that covers | by abnormally cold weather during De- Byproduct sulfuric acid at copper, 
an additional 13 west Texas counties. : 

TG celebrated the 60th year of com- 
mercial operations at New Gulf sulfur TABLE 4 
mine on Boling Dome. It has been the 
most prolific sulfur operation in the RECOVERED SULFUR PRODUCED AND SHIPPED 
United States, having produced over 80 IN THE UNITED STATES’ 

million long tons of sulfur. The mine (Thousand metric tons and thousand dollars) 
was projected to continue operations 
until 1995. ————___—_—_—_— rr a — —  I_—I_— 

Frasch sulfur output increased —_____ Production —____Shipments 
700,000 tons from the quantity pro- Year Natural Petroleum Total Quantity Value? 
duced in 1988. Total shipments to do- —___sasplants refineries" 
mestic and overseas consumers de- 18S 2378940555266 485,084 
creased, however, by more than 550,000 | 1986. 2,246 3,570 581685798 533,752 
tons. Frasch sulfur accounted for 34% | 1987 2,536 5,624 86,161,180 492, 136 
of domestic production in 1989. Ap- | 1988 2,501 3,943 6,444 6,470 498 368 
proximately 91% of Frasch sulfur ship- | 1989 2,537 3,973 6,510 6,475 509,582 
ments was for domestic consumption, "Includes Puerto Rico and the Virgin Islands. . 

and 9% for export. The total value of SRob plan emai quantity from coking operations. 
Frasch sulfur shipments decreased by *Data do not add to total shown because of independent rounding. 
over $52 million. 

Recovered | TABLE 5 

Recovered elemental sulfur, a nondis- 
cretionary byproduct from petroleum RECOVERED SULFUR PRODUCED AND SHIPPED 

refining, natural gas processing, and IN THE UNITED STATES, BY STATE 
coking plants, was produced primarily (Thousand metric tons and thousand dollars) 
to comply with environmental regula- | 
tions that were applicable directly to ggg ggg 
emissions from the processing facility eee 
or indirectly by restricting the sulfur Year Production ___Shipments Production ___Shipments 
content of the fuels sold or used by the | ——______ Quantity, Value Quantity Value” 
facility. Fuel processing plants ac- | Alabama 375 372 33,634 410 411 40,443 
counted for 56% of the total domestic | California 697 696 42,852 680 677 39,881 

output of sulfur in all forms, compared | Florida 68 68 WwW 67 67 WwW 
with 60% in 1988. Production and | Illinois 258 258 22,367 252 252 21,852 
shipments reached alltime high levels | Louisiana 569 571 53,198 613 616 59,217 
owing to record production from the | Michigan and 
Nation’s petroleum refineries and nat- | Minnesota 170 170 13,544 172 172 14,463 
ural gas processing plants. Recovered | Mississippi 764 773 67,266 703 710 64,839 
elemental sulfur was produced by 57 | New Mexico 44 44 2,797 45 45 3,001 
companies at 154 plants in 26 States, 1 | North Dakota _ 115 115 7,178 98 99 6,460 
plant in Puerto Rico, and 1 plantinthe | 65,5.  — 48 48 4,296 48 48 3,968 

plants were of relatively sina size, wich | @=asla a sar 6,001 
only 15 reporting an annual production Texas 1,694 1,053 137,635 1,603 1,602 141,818 
exceeding 100,000 tons. By source, | “70mims 791 782 44,461 1,104 1,110 31,709 
61% was produced at 84 refineries or | Other’ = 527 603,684 47 59955, 932 
satellite plants treating refinery gases | _ Total? 6,444 6,470 498,368 6,510 6,475 509,582 
and 3 coking plants. The remainder Py Withheld to avoid Cisclosing company Proprietary data; included with “Other.” ; vtah. Virginia. Washington. Wisconsin 

was produced by 27 companies at 67 | puerto Rico, the Virgin lands, and data indicated by ynbol Woe 
natural gas treatment plants. The five | 2pata may not add to totals shown because of independent rounding. 
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TABLE 6 lead, molybdenum, and zinc roasters 

RECOVERED SULFUR PRODUCED AND SHIPPED IN THE and smelters amounted to 10% of the 
UNITED STATES, BY PETROLEUM ADMINISTRATION FOR DEFENSE | ‘tal domestic production of sulfur in 

(PAD) DISTRICT all forms. Seven acid plants operated in 
conjunction with copper smelters, and 

(Thousand metric tons) eight were accessories to lead, molyb- 
S| denim, and zinc smelting and roasting 

District and source 1988 —__—id1989—s«s|:s«sopeerations. The five largest acid plants 
Production Shipments Production Shipments | accounted for 72% of the output, and 

PAD 1: production in five States was 88% of 

Petroleum and coke 279 283 305 302 the total. The five largest producers of 

Natural gas 68 68 66 66 byproduct sulfuric acid were ASARCO 

: - Total! t—<“‘i‘éOSOSOC;*SSTC*”W 351 _— 371 369 | Incorporated, Cyprus Miami Mining 

PAD?) SO —<——= SS —= | Corp., Kennecott, Magma Copper Co., 

Petroleum and coke 640 6AI 630 629 and Phelps Dodge Corp. Their eight 

Natural gas 114 1s 98 99 plants produced 86% of the 1989 total. 

Total! 755 756 729 728 

PAD 3:7 Pyrites, Hydrogen Sulfide, and Sulfur 

Petroleum 2,151 2,181 2,182 2,153 Dioxide | 

Natural gas 1,339 1,338 1,281 1,284 The total sulfur contained in these 

Total! 3,491 3,520 3,464 3,437. | products did not constitute a signifi- 

PAD 4 and 5: a a a ~~ | Cant portion of total domestic sulfur 

Petroleum 871 872 854 842 | production. 

Natural gas - 978 969 1,090 1,096 

Total 1,849 1,841 1,944 1,938 | 

Grand total! 6,444 6,470 6,510 6,475 TT 

' Data may not add to totals shown because of independent rounding. CONSUMPTION AND USES 

2 Includes Puerto Rico and the Virgin Islands. . 

TABLE 7 Domestic consumption of sulfur in 

all forms continued the strong perform- 
BYPRODUCT SULFURIC ACID' PRODUCED IN THE UNITED STATES | ance of 1988. In 1989, 82% of the 

(Thousand metric tons, sulfur content, and thousand dollars) sulfur consumed was obtained from 

domestic sources, compared with 84% 

Copper Zinc Lead and in 1988. The sources of supply were 

Year plants? plants? molybdenum Total Value | domestic recovered elemental sulfur, 

plants 46%; domestic Frasch sulfur, 27%; and 

1985 729 141 87 957 56,299 | combined domestic byproduct sulfuric 

1986 755 124 40 919 54,164 | acid, pyrites, hydrogen sulfide, and sul- 

1987 831 134 38 1,003 61,996 | fur dioxide, 9%. The remaining 18% 

1988 946 136 43 1,125 87,820 | was supplied by imports of Frasch and 

1999. 42105 4134 ©3©Sd.0)0)~)))~~) «%1900~©~©~—~—~— 103,526 recovered elemental sulfur. 

\Incudes acid omforeign materials. =S=<“‘S*~*S*‘s‘SOSSSSS The Bureau of Mines collected end- 

2 Excludes acid made from pyrites concentrates. use data on sulfur and sulfuric acid 

3 Excludes acid made from native sulfur. according to the Standard Industrial 

Classification of industrial activities. 

TABLE 8 Shipments by end use of elemental 

PYRITES, HYDROGEN SULFIDE, AND SULFUR DIOXIDE sulfur were reported by 60 companies, 
SOLD OR USED IN THE UNITED STATES and shipments of sulfuric acid were 

reported by 56 companies. Shipments 
(Thousand metric tons, sulfur content, and thousand dollars) of both elemental sulfur and sulfuric 

| acid were reported by eight companies. 

Year Pyrites Hydrogen Sulfur Total Value Sulfur differs from most other major 
sulfide dioxide : wae . . . 

SEE OOS | mineral commodities in that its pri- 

yss Wh 87638 mary use is as a chemical reagent rather 

9860 We | than a component of a finished prod- 

sy WCW 8,711| uct. Its predominant use as a chemical 

1988 Ww Ww Ww 3 361 | reagent generally required that it first 

1989 Ww WwW — 4 778 | be converted to an intermediate chem- 

W Withheld to avoid disclosing company proprietary data; included in “Total.” ical product prior to its initial use by 
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FIGURE 2 | 

| TRENDS IN THE PRODUCTION OF SULFUR IN THE UNITED STATES 
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industry. The largest sulfur end use, TABLE 9 

| sulfuric acid, represented 90% of ship- CONSUMPTION OF SULFUR! IN THE UNITED STATES 
ments for domestic consumption. 
Some identified sulfur end uses were (Thousand metric tons) 
tabulated in the “Unidentified” cate- , 

gory because these data were propri- 1985 1986 1987 1988 1989 

etary. Data collected from companies | Frasch: 

that did not identify shipment by end | — Shipments 4,678 4,108 3,610 4,341 3,780 
use were also tabulated as “Uniden- | [mports  _ 724 726 193 1,079 1,086 

tified.” Although there is no support- | “Exports 986 1,250 465 464 330 

ing data, it could be reasonably aS- | “aoarst=“‘(‘Sét;S!~«« A‘ "3.584 "3.938 “4,956 “4,536 

sumed that a significant portion of the | -——_—____"—__ >= = SS OS = 

sulfur in the “unidentified” category Recovere@s 

was shipped to sulfuric acid producers _Shipments" (266 35798 6,180 6,470 6,475 

or was exported. The difference be- | _!mports 1380 621 — 806 917 1,174 
tween exports reported in the canvass | _ Exports 379 645 _ _ 159 __ 694 
and exports of 1 million tons reported Total 6,267 5,774 6,209 6,628 6,955 

by the Bureau of the Census may have Total elemental 10,683 9,358 10,147 11,584 11,491 

been caused by differences in account- | Pyrites, shipments WwW WwW WwW WwW WwW 

ing between company records and com- | Byproduct sulfuric acid, 

pilations by the Census Bureau, or by | shipments 957 919 1,003 1,125 1,190 

sales to other parties that exported | Other forms, shipments? 328 309 173 3 4 

sulfur and were not included in the | Total, all forms 11,968 10,586 11,323 12,712 12,685 

Bureau of Mines canvass. W Withheld to avoid disclosing company proprietary data; included with “Other forms, shipments.” 

Sulfuric acid, because of its desirable ; Crude sulfur of sulfur content -stsland 

Bee teal yond wor postion, born 3 Tncludes consumption of hydrogen sulfide, Tiquid sulfur dioxide, and data indicated by symbol W. 

most universally used mineral acid and 
the largest volume inorganic chemical | 

in terms of the quantity produced and 
consumed. U.S. shipments of sulfuric 
acid (100% basis) increased by more 
than 0.7 million tons in 1989 because of 

continued high demand for the produc- 
tion of phosphoric acid, the largest 

single end use. Shipments of sulfuric | . TABLE 10 | 

acid for petroleum refining and other 
petroleum and coal products, the sec- ELEMENTAL SULFUR sou, ORD vise IN THE UNITED STATES, 

ond largest end use, decreased signifi- 
cantly from those of 1988. Sulfuric acid (Thousand metric tons) 
demand for copper ore leaching in- 

creased 300,000 tons to nearly 1.8 mil- Sod setttCtCtCSststtSSSSC«*C 

lion tons because solvent extraction- | ——  ———————————————— —  oerFr>sao—,_—mT 

electrowinning (SX-EW) operations 20, __————“Food and kindred products w Ww 
could produce high-purity copper at a 26,261 ———sPulpand paper products | 8 8 
significantly lower cost than by conven- 282, 2822 Synthetic rubber and other plastic products WwW W 

tional smelting methods. 287 Agricultural chemicals 460 277 

According to the 1989 canvass re- | 28, 286 Other chemical products and industrial organic chemicals 144 122 

ports, company receipt of spent or | 284 Soaps and detergents 8 WwW 

contaminated sulfuric acid for reclaim- | 29, 291 Petroleum refining and petroleum and coal products 172 142 

ing totaled 2.6 million tons. The largest | 291 Other industrial inorganic chemicals 80 188 
source of this spent acid continued to | __ Sulfuric acid:  (‘(‘(‘(i‘éié~S —— ——— 

be _the petroleum refining industry,| ———______pomesticsulfurt—<‘“‘ié™SO™~*C*;*;”;*;*;~;~;~;~;”;”;”;”;C;*C«R«SS 8.241 

which accounted for 52% of the total | ———_____—.VOA 0.0 

returned. The petroleum refining in- imported sulfur LS 2% 

dustry was a net user of 689,000 tons of | 10,486 

sulfuric acid. About 1.0 million tons of | ______—Umidentified 8 __372 

spent acid was reclaimed from plastic Total domestic uses 11,506 11,595 

and synthetic materials producers. The Exports 1,055 923 

remaining reclaimed acid was from Grand total 12,561 12,518 

manufacturers of soaps and detergents, | w withheld to avoid disclosing company proprietary data; included with “Unidentified.” 
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TABLE 11 PRICES #§& }.}.}}©.” 

SULFURIC ACID SOLD OR USED IN THE UNITED STATES, TT 
BY END USE 

The posted price for liquid sulfur ex- 
(Thousand metric tons of 100% H,SO,) terminal Tampa, FL, began the year at 

$142, decreased to $138 per long ton in 
SIC | End use 1988 1989 | June, fell to $130 in July, and dropped an 

102 Copper ores 1,491 1,797 | additional $12.50 per long ton in Sep- 
1094  +Uraniumandvanadiumoress.SSt=<CSst‘s—SstsSM 103 134 | tember to $117.50. Spot prices and con- 
10. £Otherors 67 123 | tract prices for sulfur, f.o.b. Vancouver, 
21 ®©Pupmils = ©... 826 gsq | British Columbia, Canada, were $100 to 
26. Other paperproducis 31 119 | 2108 per metric ton during the first half paper produc . 285, 2816 Inorganic pigments and paints and allied products __—=«=«éTS;:«SCS*SC«g | (OF the Years, Vancouver spot prices de- ee eS creased to $90 per ton in July, fell further 
281 ____—Otherinorganic chemicals 959 872 | to about $80 per ton well before the end 
282, 2822 _ Synthetic rubber and other plastic materials and synthetics 1,035 1,172 | of the third quarter, and remained at that 
2823 Cellulosic fibers, including rayon 136 159 | level through the fourth-quarter. 

283 Drugs | | 73 78 On the basis of total shipments and 
284 Soaps and detergents 299 260 | value reported to the Bureau of Mines, 
286 Industrial organic chemicals 1,092 876 | the average value of shipments of Frasch 
2873 _ Nitrogenous fertilizers 243 285 sulfur, f.o.b. mine, for domestic con- 
2874. ~—Ss~éPhosphatic fertilizers 25,721 26,436 | Sumption and exports combined in- 
2879. + Pesticides 18 gq | creased from $85.75 to $86.62 per ton. 
287. ~~ + Otheragricultural chemicals ~=~=~=SCS*=é‘“‘=CSCStSCtCSCSSSS 161 89 The average value, f.o.b. plant, for ship- 
Sea ments of recovered elemental sulfur var- 2892 Explosives 134 52]. . . _ 799 EERE EEE ied widely by geographic region: lowest 
2899 ____—Water-treating compounds 353 353 | in the Rocky Mountain States, higher on 
28 Other chemical products 155 240 | the west coast, somewhat higher in the | 
29, 291 Petroleum refining and other petroleum and coal products 2,403 2,088 midcontinent, and near the values for 
30 Rubber and miscellaneous plastic products W > | Frasch sulfur in the East and South. The 

331 Steel pickling 226 181 | disproportionately low average value for 
333 Nonferrous metals 49 151 | Wyoming distorted the average calcula- 
33 Other primary metals 25 6 | tion for all recovered elemental sulfur 
3691 Storage batteries (acid) 155 140 shipments. | 

Unidentified 1,528 1,403 

Total domestic 37,646 38,406 

8 a2 rormicn Trae Grand total 37,732 38,433 FORE 

W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 

Exports of elemental sulfur from the 
United States, including the U.S. Virgin 
Islands, decreased 16% in quantity and 
19% in value. According to the Bureau 
of the Census, exports from the west 
coast were 473,000 tons or 56% of total 

steel, industrial organic chemicals, in- | = C—C—C—C‘C‘;CSSCSCSYTCSSS.. exports. 
organic chemicals, other chemical | STOCKS The United States was a net importer 
products, storage batteries, explosives, | ——————-—--— | of sulfur, and imports exceeded exports 
agricultural chemicals, and some uni- by more than 1.2 million tons in 1989. 
dentified sources. Frasch sulfur from Mexico and recov- 

The largest use of sulfur in all forms, Yearend inventories held by Frasch | ered elemental sulfur from Canada, 
for agricultural purposes, increased | and recovered elemental sulfur producers | both delivered to U.S. terminals and 
slightly from 9.0 million tons in 1988 to | increased 17% from those of 1988, but | consumers in the liquid phase, contin- 
nearly 9.1 million tons. The quantity of | remained well below historical levels. | ued to furnish nearly all U.S. sulfur 
sulfur needed to manufacture exported | Combined yearend stocks amounted to import requirements. Total elemental 
agricultural products increased, however, | approximately a 45-day supply compared | sulfur imports increased 13% in quan- 
by over 300,000 tons to 4.65 million tons | to 38-day supply in 1988 and an 82-day tity; imports by rail from Canada in- 
indicating that consumption for domes- | supply in 1987, based on domestic and | creased 26%, while waterborne ship- 
tic purposes declined despite an increase | export demands for Frasch and recovered | ments from Mexico were slightly higher 
in acreage planted by U.S. farmers. | sulfur. than in 1988. An estimated 380,000 
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FIGURE 3 

TRENDS IN THE CONSUMPTION OF SULFUR IN THE UNITED STATES 
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FIGURE 4 

SULFUR-SULFURIC ACID SUPPLY AND END-USE RELATIONSHIP IN 1989 

RECOVERED IMPORTED PYRITE, HYDROGEN RECLAIMED BYPRODUCT 
ELEMENTAL SULFUR | | ELEMENTAL SULFUR SULFIDE SULFUR DIOXIDE SULFURIC ACID SULFURIC ACID 

2 245 é 883 1,190 

= | SULFURIC ACID 
CELLULOSIC FIBERS 

(159) | INCLUDING RAYON 

SIC 2823 

PULP AND _ COPPER ORES 78 a DRUGS 683s_| PETROLEUM REFINING 
PAPERPRODUCTS bé (2,088) | AND OTHER PETROLEUM 

SIC 102 SIC 283 | AND COAL PRODUCTS" 
SIC 26 . 

| URANIUM AND 44s $5 s SOAPS AND | SIC 29, 291 
INDUSTRIAL ORGANIC VANADIUM ORES* (134) (260) DETERGENTS* 

CHEMICALS AND OTHER RUBBER AND 

SIC 28, 286 OTHER ORE 40s 286s__| INDUSTRIAL ORGANIC PLASTIC PRODUCTS 
(123) (876 CHEMICALS* SIC 30 

OTHER INDUSTRIAL SIC 10 
INORGANIC 108 ¢ STA PAPER SIC 286 OTHER PRIMARY 
CHEMICALS 

PRODUCTS oF 29 s OTHER AGRICUL- (6) METALS | 
gic 281 (119) (89) TURAL CHEMICALS* sic 33 | 

SIC 26 | 
AGRICULTURAL SUP MILLS SIC 287 

CHEMICALS 277s 281 s 93 5 NITROGENOUS (181) 
SIC 287 SIC 261 (859) (285) FERTILIZERS 

495 NONFERROUS 
PETROLEUM REFINING OTHER CHEMICAL SIC 2873 (151) METALS 
AND PETROLEUM AND ODUCTS* , 
COALPRODUCTS 1428s 18s 8,642 s PHOSPHATIC SIC 333 

SIC 28 (240) 26,436) FERTILIZERS* 

SIC 29, 291 46s STORAGE 
OTHER INORGANIC SIC 2874 . | 

CHEMICALS" 085 ¢ 92 s (140) BATTERIES/ACID 

SIC 281 
SIC 2879 159 « 

INORGANIC PIGMENTS 1,403 . 
EXPORTS 923 s PAINTS AND ALLIED |_1388 17s EXPLOSIVES* (1,403) UNIDENTIFIED | 

PRODUCTS (423) (52) 
SIC 2892 ‘Ne 

SIC 285, 2816 

SYNTHETIC RUBBER COMPOUNDS 
AND OTHER PLASTIC [2835 

MATERIALS AND (1,172) (353) SIC 2809 
SYNTHETICS* 

SIC 282, 2822 | 

#s - SULFUR CONTENT THOUSAND METRIC TONS , 
(#) - 100% SULFURIC ACID THOUSAND METRIC TONS 
& - SOURCES OF SPENT ACID FOR RECLAIMING 

1036 SULFUR MINERALS YEARBOOK—1989



pg 

_tons of sulfur shipped to the west coast | only 26%. Approximately 220,000 tons 

of Mexico from Canada and the United | of acid was imported into the Tampa, FL, WORLD REVIEW | 

States was exchanged for Mexican sul- | area. Two new sulfuric acid terminals 

fur delivered to Florida and U.S. east | were established there. One of these was International and domestic sulfur 

coast ports. established by the Sulfuric Acid Trading | prices experienced a severe downturn in 

The United States also had signifi- | Co. at what was previously the Texasgulf | the third quarter of 1989, retreating to 

cant trade in sulfuric acid. Sulfuric acid | sulfur terminal. The other was estab- | levels not seen since 1983. Canadian 

exports decreased slightly from those of | lished by Boliden Chemicals, Inc. at Port | international sulfur sales, in the first 

1988. Imports, which were significantly | Sutton on the eastern shore of Hillsbor- | half, dropped by $150 million com- 

greater than exports, were mostly by | ough Bay, which was in close proximity | pared to the year earlier. As a result of 

rail from Canada. The tonnage in- | to the Pan American and Pennzoil sulfur | precipitously lower exports, Canadian 

creased 31% from the quantity re- | terminals. Total sulfuric acid storage ca- | sulfur was offered at $20 to $30 per 

| ported in 1988; the value of imported | pacity at the two terminals was nearly | metric ton below first half 1989 levels 

sulfuric acid, however, increased by | 78,000 tons. during the second half. By early Septem- 

| TABLE 12 

| SULFUR AND SULFURIC ACID SOLD OR USED IN THE UNITED STATES, BY END USE 

(Thousand metric tons, sulfur content) 

| 
Elemental Sulfuric acid Total 

SIC End use sulfur ' (sulfur equivalent) 

1988 1989 1988 1989 1988 1989 

102 Copper ores — — 487 588 487 588 

| 1094 Uranium and vanadium ores | — — 34 (44 34 44 

10 Other ores : | —_ — 22 40 22 40 

20 | Food and kindred products WwW WwW — — WwW WwW 

26, 261 Pulpmills and paper products 8 8 280 320 288 328 

28, 285, Inorganic pigments, paints and allied products, industrial 

286, 2816 organic chemicals, other chemical products 2144 2122 122 138 266 260 

281 Other inorganic chemicals 80 188 313 285 393 473 

282, 2822 Synthetic rubber and other plastic materials and synthetics WwW WwW 339 383 339 383 

2823 Cellulosic fibers, including rayon — — 44 52 44 52 

283 Drugs — — 24 25 24 25 

284 Soaps and detergents 8 Ww 98 85 1066 2——tsé«83S 

286 Industrial organic chemicals _ — — 357 286 357 286 

2873 Nitrogenous fertilizers — — 79 93 79 93 

2874 Phosphatic fertilizers — — 8,404 8,642 8,404 8,642 

2879 Pesticides — — 6 32 6 32 

287 Other agricultural chemicals 460 277 53 29 513 — 306 

2892 Explosives — _— 44 17 44 17 

2899 Water-treating compounds — — 115 115 115 115 

28 Other chemical products — — 51 78 51 78 

29, 291 Petroleum refining and other petroleum and coal products 172 142 786 683 958 825 

30 Rubber and miscellaneous plastic products | — — WwW 2 WwW 2 

331 Steel pickling oo — 74 59 74 59 

333 Nonferrous metals — — 16 49 16 49 

33 Other primary metals — — 8 2 8 2 

3691 Storage batteries (acid) _ — 51 46 51 46 

Exported sulfuric acid —- = 28 0608 
Total identified 872 737 11,835 | 12,104 12,707 12,841 

| Unidentified 289372 499 459 788 — 831 
Grand total 1,161 1,109 "12,334 “12,563 13,495 13,672 

W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 

1 Does not include elemental sulfur used for production of sulfuric acid. 
2No elemental sulfur was used in inorganic pigments and paints and allied products. 
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TABLE 13 TABLE 14 

SULFURIC ACID FROM SMELTERS SOLD OR USED ' YEAREND SULFUR STOCKS 
IN THE UNITED STATES, BY END USE OF U.S. PRODUCERS 

(Thousand metric tons of 100% H,SO,) (Thousand metric tons) 

SIC : Use. mS 1988 1989 | Year Frasch Recovered Total 

102 Copper ores 1,200 1,403 | 1985 2,598 201 2,799 

1094 Uranium and vanadium ores 82 114 | 1986 2,532 216 2,748 

10 Other ores W 25 | 1987 2,122 194 2,316 

26, 261 Pulp mills and other paper products | 81 167 | 1988 954 158 1,112 
2816 Inorganic pigments WwW ‘WwW | 1989 1,109 193 11,301 
281 Other inorganic chemicals 130 197 | ‘Data do not add to total shown because of independent round- 

2823 Cellulosic fibers | — w | 
283 Drugs . WwW W 

2873 Nitrogenous fertilizers WwW 72 TABLE 15 

2874 Phosphatic fertilizers 689 658 

287 Other agricultural chemicals 34 49 REPORTED SALES VALUES 
2899 Water-treating compounds 191 134 OF SHIPMENTS OF SULFUR, 
28 Other chemical products 58 22 F.0.B. MINE OR PLANT 

29, 291 Petroleum refining and other petroleum and coal products WwW 18 (Dollars per metric ton) 

331 Steel pickling WwW W 

33, 333 Nonferrous metals and other primary metals 35 W | Year Frasch Recovered Average 

3691 Storage batteries (acid) 47 25 | 1985 122.62 92.11 106.46 
Unidentified —_- __993 _ 869 | 1986 123,79 92.06 105.22 

Total domestic 3,540 3,753 | 1987 107.15 79.63 89.78 

Exports _wW __W | 1988 99.24 77.03 85.95 
Total 3,540 3,753 | 1989 100.18 - 78.70 86.62 

ber the price of sulfur stood at $78 to $85 | projected increase in demand in 1989, | off nearly 1.6 million tons or almost 
per ton f.o.b. Vancouver, British Colum- | encouraged consumers to buy forward | 40% and represented more than 60% 
bia. Because Canada continued to be the | to offset costs associated with an antic- | of the dropoff in world sulfur trade. 
world’s largest sulfur exporting nation, | ipated increase in 1989 sulfur prices. | Total world sulfur movements were off 
the severe drop in Vancouver prices had a | Additionally, some major world fertil- | nearly 18% in 1989 compared with 
ripple effect on prices worldwide. The | izer consumers also bought forward. | 1988 trade volumes. 
per-long-ton posted price for liquid Fra- | An artificially strong apparent world While international sulfur move- 
sch sulfur exterminal Tampa, FL, was | sulfur demand characterized the last | ments and prices were in considerable 
reduced $4 in July, $8 in August and | quarter of 1988. By yearend, an esti- | disorder, U.S. demand remained strong 
$12.50 in September, ending at $117.50. | mated 1.5 to 1.8 million tons of sulfur | because India replaced phosphoric acid 
Middle East prices declined $15 to $25 to | or sulfur equivalent in finished prod- | imports with finished fertilizer im- 
$90 per metric ton, and liquid prices | ucts was accumulated by fertilizer pro- | ports, primarily diammonium phos- 
from terminals in northwest Europe were | ducers and consumers. phate (DAP), from the United States. 
reduced $11 per metric ton to $122 per International sulfur prices were | Sulfur movements from Vancouver in- 
metric ton. raised by $9 to $15 per metric ton in | creased to more normal volumes from 

A combination of events and sulfur | January 1989; prices for finished fertil- | August onward through the end of the 
consumers’ decisions were responsible | izers and phosphoric acid were also | year. Canadian exports to the U.S.S.R. 
for the severe drop in sulfur prices in | raised substantially. The price increases | resumed in August after a 30-month 
the third quarter of 1989. Throughout | were resisted by consumers of fertilizers | hiatus. 
1988, international fertilizer sales were | and sulfur. India declined to purchase 
good; U.S. fertilizer producers antici- | Moroccan phosphoric acid at the new 
pated a 1989 increase in domestic sales | price levels and Morocco curtailed sul- | Industry Structure 
of from 9% to 12% because of the 1988 | fur imports in the first half by 1.15 In 1989, the sulfur industry was di- 
drought in North America. Strong in- | million tons compared to 1988. World- | vided into two sectors, discretionary 
ternational sulfur movements resulting | wide, first half (1989) sulfur move- | and nondiscretionary. In one, the min- 
in a tight supply condition during the | ments were nearly 26% below the first | ing of sulfur or pyrites was the -sole 
latter half of 1988 and coupled with a | half of 1988; Canadian exports were | objective; this voluntary production of 
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TABLE 16 | of importance. 
1 U.S. EXPORTS! OF ELEMENTAL SULFUR, BY COUNTRY World Capacity | | 

(Thousand metric tons and thousand dollars) The data in table 20 are rated capac- 

| ity for Frasch mines, elemental sulfur 

C 1988 1989 mining facilities and attendant benefi- 
ountry EE SEE Sanna eae . . 

Quantity Value Quantity Value | ciation plants, pyrites mines and 

Australia 12 1,949 6 1,344 | plants, and sulfur-sulfuric acid recov- 

Belgium-Luxembourg = t™” 300 36,067 172 20,270 | ery units associated with petroleum re- 

Bail Sti<‘i‘is™STC S262 29,137 204 23,066 fineries, natural gas processing plants, 

Canada.”~<CSM 33 2,499 49 3,551 metal smelting operations, electric 

re _ _ 6 6 500 powerplants, and coke ovens as of De- 

a , cember 31, 1989. Rated capacity is 

Colombia 36 3,343 8 893 | defined as the maximum quantity of 

Denmark — — 13 2,039 | product that can be produced in a 

India 39 3,738 79 5,293 | period of time on a normally sustain- 

Indonesia 59 5,572 () 43 | able long-term operating rate, based on 

Korea, Republic of 21 4,958 8 2,413 | the physical equipment of the facility, 

Mexico 211 18,820 155 14,883 | and given acceptable routine operating 

Morocco 40 3,640 %6 1,423 | procedures involving labor, energy, ma- 

Netherlands 29 1,352 1 49 | terials, and maintenance. Capacity in- 

Philippines SS” ll 1,066 1 195 | cludes both operating plants and plants 

Senegal S=~=~=~=~S~S 66 6,603 89 1,153 temporarily closed that in the judgment 

South Africa, Republic of @ 6 38 3,981 of the author can be brought into pro- 

lia > 3213 37 3 634 duction within a short period of time 

a _____— , ° with a minimum of capital expenditure. 

Tunisia 21 1,990 30 3,261 | Rated capacity is not equivalent to en- 

Other "62 "8,916 49 6,544 | gineering (design) capacity of installed 
Total? 1,223 131,863 1,024 107,126 | equipment. | 

‘Revised. Frasch mines operate continuously, 

2 aludes exports from the Virgin Isiancs. and capacity is related to the quantity 

3 Data may not add to totals shown because of independent rounding. of superheated water that can be in- 

Source: Bureau of the Census. jected into the associated sulfur de- 

posit. The nature of Frasch mining 
makes capacity quite variable over time 

| and depends on the number of 

“steaming wells,” water injection rates, 

native sulfur or pyrites was based on | duced in Asia, Europe, and South | water losses from the formation, loca- 

the orderly mining of discrete deposits, | America. Pyrites were the prime sulfur | tion of wells within the deposit, and 

with the objective of obtaining as | source in China, Spain, and the Repub- length of time that the deposit has been 

nearly a complete recovery of the re- | lic of South Africa and an important worked. The rated capacity or realiz- 

source as economic conditions permit. | source in Scandinavia and the U.S.S.R. | able capacity of a Frasch mine gener- 

In the other, sulfur or sulfuric acid was Recovered elemental sulfur was the | ally decreases as the deposit becomes : 

recovered as an involuntary byproduct, | predominant sulfur source in Canada, | depleted. 

the quantity of output subject to de- | France, the Federal Republic of Ger- Petroleum refineries, large, very 

mand for the primary product irrespec- | many, Kuwait, Saudi Arabia, and the costly, and complex processing facili- 

tive of sulfur demand. In 1989, invol- | United States. Additionally, recovered el- | ties designed to produce a spectrum of 

untary sources represented nearly 64% | emental sulfur was an important source fuels and petrochemical products, op- 

of the elemental sulfur produced | in Iran, Iraq, Japan, and the U.S.S.R. erate continuously. Sulfur recovery 

worldwide, and the combination of re- International sulfur trade was domi- | units make up only a small segment of 

covered elemental sulfur and byproduct | nated by a limited number of exporting | these facilities; because sulfur recovery 

sulfuric acid equaled over 57% of total | countries; exports from Canada, Po- | is mandated by environmental consid- 

world production of sulfur in all forms. | land, Iraq, Mexico, the United States, erations, the installed sulfur recovery 

Large quantities of Frasch sulfur | Saudi Arabia, the Federal Republic of | capacity at petroleum refineries gener- 

were produced from mines in only five | Germany, and France accounted for | ally exceeds the expected sulfur produc- 

countries: Iraq, Mexico, Poland, the | 90% of sulfur trade in 1989. Major | tion. To ensure that the loss of a sulfur 

U.S.S.R., and the United States. Poland | sulfur importers in 1989 were India, the | recovery unit does not require the shut- 

and the U.S.S.R. also produced signif- | United States, the U.S.S.R., Brazil, | down of the entire refinery, multiple 

icant quantities of native sulfur using | Morocco, Tunisia, the United King- sulfur recovery units, each capable of 

conventional mining techniques; small | dom, Australia, the Republic of South | servicing the petroleum refinery, are 

quantities of native sulfur were pro- | Africa, and Jordan in decending order installed. The quantity of sulfur recov- 
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| TABLE 17 : ered by domestic petroleum refineries 
U.S. EXPORTS OF SULFURIC ACID (100% H,SO,), BY COUNTRY in the United States during 1989 was 

equal to slightly more than 50% of the 
| installed engineering capacity. Rated 

8 189 i ] fineries is as- Country Quantity Value Quantity Value | CaPacity for Ue f installed ev. 
(metric tons) (thousands) (metric tons). (thousands) ine capacity 90% of installed engineer- 

Australia 9,464 $295 9,101 $331 Natural gas processing plants may be 
Canada 22,336 857 29,802 1,223 installed to service gasfields and/or oil- 
Chile 28,215 1,586 38,447 1,836 fields that contain significant quanti- 
CostaRica 1,853 68 282 25 ties of associated gas. Gas plants are 
Dominican Republic 607 50 1,944 125 designed to accommodate the natural 
Ecuador 3,375 203 — — gas from a specific field that may con- 
Israel 2,258 144 5,316 250 tain in addition to methane, which is 
Japan 1,957 67 255 31 sold as pipeline gas, varying amounts 
Korea, Republic of 6,402 1,235 9,379 1,976 | Of nitrogen, carbon dioxide, helium, 
Mexio. ~~ 27,204 1,663 14,551 762 condensable hydrocarbon liquids, and 
Netherlands 1,996 100 37 58 poisonous hydrogen sulfide. The poi- 

Netherlands Antilles 4,291 271 7,255 497 | SOnous nature of hydrogen sulfide Se makes its removal from pipeline gas 
Pakistan 1,926 64 — — imperative. Sulfur removal and recov- 
Panama 4,683 245 1,747 101 ery plants in natural gas facilities vary 
Saudi Arabia 5,657 223 1,416 49 in size from small units rated at 5 to 10 
Spain — — 3,995 132 tons per day to multiple-train plants 
Taiwan 4,525 269 5,924 309 capable of recovering thousands of 
Trinidad and Tobago 1,511 50 611 20 tons per day. In general, sulfur recovery 
United Kingdom 6,516 215 1,321 49 rates from gasfields approximate in- 
Venezuela | 10,513 431 _ _ stalled engineering capacity, based ona | _ 
Othr 5.945 r4AA 14,256 946 340- to 345-day-per-year operation of 
Toul! ~*~ 3479 745,629 3721 all units, in the first 7 years of opera- 

Terie aa | tion. In succeeding years, sulfur recov- 
' Data may not add to totals shown because of independent rounding. ery declines steadily because the gas 
Source: Bureau of the Census. apparently becomes “sweeter” over 

time and because gas flow rates drop as 
the field is depleted. Rated capacity for 
gas processing plants is based on the 
age of the plant and its recent produc- 
tion history. 

| | | Rated capacity for plants operating 

in conjunction with metal smelters, 
TABLE 18 powerplants, and coking operations is 

U.S. IMPORTS OF ELEMENTAL SULFUR, BY COUNTRY assumed to approximate engineermng 
; capacity. Where information on design (Thousand metric tons and thousand dollars) capacity is unkn own, rated capacity 

—————_——__  SC|sewaas estimated to be equal to the great- 
Country 8B 1989s est output recorded by a plant or coun- 

Quantity Value’ Quantity Value" | try in the past 5 years. World rated 
Canada 913 58,835 1,149 80,577 | sulfur annual production capacity is 
Mexico 1,079 124,878 1,086 125,166 | significantly lower than the installed 
Other? 4 2,151 5 3,723 | world engineering capacity of approxi- 
Total 1,996 185,864 2,260 3209,465 | mately 92 million tons. 

"Declared customs valuation. === === SOSOS*~C<C~S*~C<~S~*“‘<“‘“SSSS 
” Includes France, Gabon, the Federal Republic of Germany, Japan, and the Netherlands in 1988; and Chile, the Dominican Republic, | Camada 
France, Gabon, the Federal Republic of Germany, India, Japan, and the Netherlands in 1989. Shipments of sulfur in all forms were 

Data do not add to total shown because of independent rounding. eae °11° Source: Bureau of the Census. about 7.4 million tons, or 0.7 million 
tons greater than production. Elemental 
sulfur exports decreased significantly 
from 7.4 million tons in 1988 to 5.8 
million tons in 1989; offshore exports 

| : from Vancouver, British Columbia, fell 

1.8 million tons from 1988 to 4.65 mil- 
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TABLE 19 TABLE 20 

U.S. IMPORTS OF SULFURIC ACID (100% H,SO,), BY COUNTRY WORLD SULFUR ANNUAL 
PRODUCTION CAPACITY, 

ss os:C~‘iBG DECEMBER 31, 1989, 

Country it Value! uantit Value! RATED CAPACITY, 

| (netrie tons) (thousands) netric tons) (thousands) SULFUR IN ALL FORMS* 

Argentina 2,112 / $22 2,970 $30 (Thousand metric tons, sulfur content) 

Canada 807,232 27,429 931,001 29,586 

France 21 40 — — Capacity 

Ireland —- — 454 188 | North America: | 

Htaly 21,110 947 — _ Canada 8,400 
Japan 50,107 1,634 111,887 4,590 | UnitedStats 8 — 12,670 

Korea, Republic of 41 32 3 6 | otal 21,070 

Mexico 47,261 1,906 163,125 6,143 LatinAmerica: 

Netherlands — — 10,117 481 | pail. 500 

Spain 14,393 1,237 14,618 88 | Chie #8 © 440 

Sweden () 6 32 8 Mexico 2,975 |_ 
Switzerland 16,452 747 19,575 11088 | omer ©. 675 | 

Taiwan 6 13 57 23 | tom :~C~CSOS 90 
Other r4 39 10 6 |Euwop: 

Total 958,739 34,052 1,253,849 343,060. | Belgium s—<isisS 400 

1 Declared c.i.f. valuation. _Finland 620 

2 Less than 1/2 unit. France 1,850 

3 Data do not add to total shown because of independent rounding. Germany, Federal Republic of 2, 451 

Source: Bureau of the Census. | | “Taly ©. . 760 

Netherlands 350 

lion tons; despite the dropoff in exports, | Chevron Standard Ltd.’s Kaybob III Poland 5,350 

Canada remained the world’s largest sul- | plant for processing. Production of sul- Spain 1,550 

fur exporting country. fur from Obed sour gas was expected | Sweden 544 

Natural gas processing plants in Al- | by the end of 1990 and would increase Turkey 613 

berta continued to supply the major | Kaybob III output by 300,000 to United Kingdom 500 

share of Canadian sulfur production. In | 350,000 tons per year. U.S.S.R. 11,500 

Alberta, gas-recovered sulfur output de- Expansion of Petro-Canada Inc.’s Yugoslavia 750 

creased about 350,000 tons from 1988 | Brazu River, Alberta, natural gas pro- | Other —(i‘éewt;#;#;*;*;*;~*~‘«~*U#‘«S*ST 

despite a slight increase in natural gas | cessing plant was essentially completed |~ yoialssi(‘i(ité‘ié;SS~*~*~*~;*« «92 

production. rain haveet weather in Fee | during oe). The expansion tripled ca- | 4eig... 

ruary adversely affected sulfur produc- | pacity at the facility to 100,000 tons per Sanaa Sa SEES C Py 

tion from Husky Oil Ltd.’s Ram River | year. _South Africa, Republic of _ 1,000 

plant, which reduced output for over a Husky Oil Ltd. and Shell Canada Other 2 

month. Sulfur production from gas | Ltd. were seeking approval for their | To! __1,270 

plants in British Columbia increased to a | respective plans to develop the Caroline Asias 

record high of over 410,000 tons. gas-condensate field near Sundre, Al- China‘ 5,450 

Mobil Oil Canada Ltd., Norcen En- | berta. The Caroline was discovered by Iran 500 

ergy Resources Ltd., PanCanada Petro- | Shell, which heads a consortium that Iraq 1,600 

leum Ltd., and Shell Canada Ltd. be- | holds 80% of the rights to the natural Japan 4,100 

gan field construction on the Bearberry, | gas reservoir; the field has been esti- | “kuwait || 680 

Alberta, demonstration project to de- | mated to contain nearly 2 trillion cubic | “gadiambiat—~S 1,780 

velop facilities to extract sulfur from the | feet of sour natural gas (30% to 35% |G, t—“‘i=‘sS~” 1.400 

field’s ultra sour gas (90% H.S). A 200- | H,S). The Alberta Province Energy Re- —Toul 5 si0 

ton-per-day pilot plant was due for com- | sources Conservation Board was to de- ee ° 

pletion in late 1990, and a 5-year study | termine which of the two plans to Oceania ___ 80 

was planned by the developers. The sul- | accept in early 1990, and development _Worldtotal 71,732 
fur resource at Bearberry was estimated | of the field was expected to be com- | Estimated. | 

to be between 70 and 100 million tons. | pleted during 1993. includes capacity t operating Plants swell as Plants.on stand’y 
Esso Resources Canada Ltd. was de- Noranda Inc. completed construc- 

veloping the Obed sour gas field (25% | tion of a 350,000-ton-per-year sulfuric 

HS) near Edson, Alberta. Gas from | acid plant at its Horne copper smelter 

the field was to be pipelined to the | in Rouyn-Noranda, Quebec. The acid 
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plant was to reduce SO, emissions from | in 1989. A major dispute concerning | sulfur capacity of 450,000 tons. 
the smelter by more than 50%. phosphoric acid prices and exports to A Russian language journal', pub- 

Inco Ltd. proceeded with engineer- | India curtailed phosphoric acid pro- | lished in Moscow, described the U.S.S.R. 
ing work at its Sudbury, Ontario, nickel | duction and the need for sulfur im- | sulfuric acid industry. U.S.S.R. sulfuric 
smelter to reduce sulfur dioxide (SO,) | ports. In addition, several hundred | acid production grew from 12.1 million 
emissions. The company plans to con- | thousand tons of sulfur that had been | tons in 1970 to 29.4 million tons in 1988. 
struct two flash furnaces and an addi- inventoried in 1988 were apparently | The quantity produced from elemental 
tional sulfuric acid plant by late 1991. | consumed in 1989, which further re- | guifyr represented 23.6% of output in 
Ore dressing circuits were to be re- | duced import requirements. 1970 and 63.5% in 1988. The quantity 
vamped to maximize pyrrhotite rejyec- produced from pyrites decreased from 

tion and reduce sulfur input to the | Poland 45.8% to 19.2% during the same time 
furnaces. The overall projected, sched- Sulfur exports decreased from 3.85 | period. Metallurgical exhaust gases pro- 
uled for completion by 1994, was de- | million tons in 1988 to 3.65 million | yided 23.2% of production in 1970 and 
signed to reduce SO, emissions by 60% | tons. More than 1.9 million tons was | 14 30% in 1988. Hydrogen sulfide, pri- 
and increase annual sulfuric acid out- | shipped to Eastern Europe and 0.8 marily at petroleum refineries, accounted 
put by 100,000 tons. million tons to Western Europe; most | for 7.26% and 3% in 1970 and 1988, 

of the remainder was shipped to Brazil, : 
Chile India, Morocco, and Tunisia. respectively. 

Corporacion Nacional del Cobra de Poland was the largest world pro- 
Chile was in the midst of expanding | ducer of native sulfur with major mines OUTLOOK 
sulfuric acid production from its Chu- | at Jeziorko, Grzybow, and Machow. | ~~~ 
quicamata copper smelter. Most of the | The Machow open pit mine continued 
acid was for processing Chuquicama- | to operate with an ever increasing over- World sulfur demand, from 1990 to 
ta’s oxide zone copper ore in a heap- | burden to sulfur ore stripping ratio; | the year 2000, is forecast to increase at an 
leach, SX-EW system that was sched- | because of the social, political, and | annual rate of about 2% per year. World 
uled to recover 80,000 tons per year of | economic restructuring that began in | demand is projected to attain 65.5 mil- 
copper by 1990. Poland during 1989, Machow may have | lion tons in 1995 and increase to over 

a limited life. The construction of the | 72.5 million tons in the year 2000. In the 
| Iraq new Osiek Mine was delayed for envi- | short term, U.S. sulfur demand is fore- 

Sulfur exports increased to an esti- | ronmental reasons. The mine should | cast to decline from 12.7 million tons 
mated 600,000 tons; domestic con- | come on-stream in two phases, one in | consumed in 1989; demand will probably 
sumption was about 400,000 tons. Pro- | 1992 and the second in 1993. decrease to 12.1 million tons in 1991, and 
duction was increased at the Misraq increase only marginally thereafter. U.S. 
Mine and from the Kurkuk gas plant. sulfur demand is forecast to be 12.5 
Expansion of water heating capacity, | Saudi Arabia | million tons in 1995 and reach 13.2 mil- 
which was designed to double the Mis- Sulfur production from natural gas | lion tons in the year 2000. 
raq mine’s capacity to 2 million tons | processing plants and oil refineries in- Agriculture is by far the most impor- 
per year, began in 1989. creased slightly. Exports decreased sub- | tant of the sulfur end-use categories, 

stantially to 930,000 tons from 1.46 mil- | accounting for over 70% of U.S. de- 
Mexico lion tons in 1988. India received more | mand and 57% of world consumption. 

Frasch sulfur production decreased | than 50% of Saudi sulfur exports. The principal individual requirement is 
slightly from 1988. Efforts continued for the manufacture of phosphatic fer- 

to expand production from the recently tilizers, in which sulfuric acid is the 
commissioned Otapan Mine, and ex- | U.S.S.R. essential intermediate chemical prod- 
ploration for new resources continued. Production of elemental sulfur de- | uct. The production of phosphoric acid 
Sulfur imports from Canada and the | creased substantially because of re- | by the wet acid process involves the 
U.S. west coast were nearly 380,000 | duced output from the Astrakhan nat- | acidulation of phosphate rock with sul- 
tons, which did not appear in official | ural gas processing plant. Technical | furic acid. The phosphoric acid is pri- 
Mexican trade statistics. Most of these | problems and environmental concerns | marily an intermediate product, which 
imports occurred by means of exchange | restricted the output from Astrakhan to | is used to manufacture a spectrum of 
agreements for deliveries of Mexican | 25% of capacity. Construction of the | high-grade fertilizers; the acid itself 
Frasch sulfur to the United States. second phase to double the size of the | may also be used for direct application 

Astrakhan facility was completed dur- | to soil in order to supply the needed 
ing the year. The second phase was not | plant nutrition. Other fertilizers that 

Morocco commissioned because of the problems | require sulfuric acid in their produc- 
Morocco was a major world im- | plaguing the first phase. The engineer- | tion, but in comparably lower quanti- 

porter of elemental sulfur because of | ing works for the first of three gas | ties, include ammonium and potassium 
consumption at its phosphate fertilizer | processing plants at the Tengiz oil- | sulfates, and single super phosphate, 
facilities at Safi and Jorf Lasfar. Im- | gas-condensate field near the northeast | which is produced by the partial acid- 
ports decreased from 2.9 million tons | shore of the Caspian Sea were com- | ulation of phosphate rock to form a 
in 1988 to approximately 1 million tons | pleted; each plant had a design annual | lower analysis fertilizer, on a nutrient 
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basis, than is produced from phospho- | and sulfur compounds from these | 1.2 million tons per year by 1993. If the 

ric acid. Nonfertilizer sulfur uses in | sources to exceed production from pri- | technical problems with Astrakhan I 

agriculture include direct application of | mary sources of supply. The long-term | can be remedied, both Astrakhan I and 

sulfur and sulfuric acid to soils, pesti- | prospect is that 85% or more of the | II should be on-stream by yearend 

cide manufacture, and for animal feed | world sulfur supply will come from | 1992, producing 4 million tons per year 

supplements. Over 95% of U.S. agri- | environmentally regulated sources and | compared to the estimated 700,000 tons 

cultural sulfur demand and nearly 80% | that output from these sources will be | produced at Astrakhan in 1989. Free- 

of world agricultural sulfur consump- | produced regardless of world sulfur | port plans to have its new Main Pass 

tion was for the manufacture of phos- | demand. As a result, it is probable that, | 299 mine on-stream by early 1992 and 

phoric acid in 1989. after the turn of the century, no new | be producing at a rate of over 2 million 

World demand for phosphate fertil- | operation that produces sulfur as its | tons per year by early 1993, increasing 

izers is forecast to increase at a rate of | primary product will be developed, ex- | U.S. Frasch capability 1 million tons 

2.2% annually through 1995 and | cept where it may be deemed necessary | compared to 1989. Net additions to 

slightly less than 2% for the remainder | for political or social reasons. world production from expansions and 

of the century. It is assumed that 90% In 1980, voluntary sources of pro- | new facilities at oil refineries and gas 

of the growth will be for the production | duction, Frasch, native sulfur and py- | processing plants should amount to 

of phosphoric acid to produce high- | rites, accounted for 50% of world out- | between 800,000 and 1 million tons by 

analysis fertilizers, which will directly | put of nearly 55 million tons. In 1989 | 1993. A worldwide sulfur surplus will 

affect world sulfur demand. Consump- | these same sources supplied only 43% | probably develop in 1993, a surplus 

tion of sulfur for phosphate fertilizer | of world production of 58.3 million | that could persist for much of the 

manufacture in the United States is | tons. Not only did the voluntary pro- | remainder of the century. World sulfur 

divided into two main components: (1) | ducers share of production decrease, | production will likely increase to 67 

demand for phosphate fertilizers con- | the volume of output fell by 2.78 mil- | million tons in 1993, attain a level of 68 

sumed by domestic farmers; (2) de- | lion tons or over 10%; U.S. Frasch | million tons in 1995, and exceed 72.5 

mand for exported phosphate fertiliz- | production accounted for most of the | million tons in the year 2000. : 

ers. In 1989, 4.66 million tons of sulfur | drop, plunging from 6.39 million tons While the outlook for a substantial 

were required to manufacture the phos- | to 3.89 million tons. Additionally, | worldwide sulfur surplus in the mid- 

phatic fertilizers exported from the | world sulfur stocks fell from nearly 27 | 1990’s can be amply justified, one may 

United States compared to 3.98 million | million tons to about 10 million tons | question the ability of some producers 

tons of sulfur for domestic phosphoric | during the period 1980 through 1989; | to get the product to the marketplace 

acid uses. Sulfur demand for domesti- | over 16 million tons was removed from | and also the ability to maintain produc- 

cally consumed phosphates is forecast | vatted Canadian stocks, which had | tion at the forecast levels. Because of 

to increase to nearly 4.6 million tons by | been built during the 1970’s at natural | the enormous size of the Astrakhan 

1995 and remain relatively stable there- | gas processing plants. facility in the U.S.S.R., it has been, 

after. The export component is not It is anticipated that, in the short term, | since the mid-1980’s, the focus of con- 

expected to repeat the strong perform- | 1990 through mid-1992, world sulfur de- | siderable discourse among industry 

ance of 1989 until sometime after 1995, | mand will surpass output and that stocks | planners and consultants outside of the 

if at all during the 1990’s, because of | will continue to decline. A temporary | Soviet Union. All were trying to answer 

increasing foreign competition in world | severe shortage could develop by late | these questions: How much sulfur, if 

markets. U.S. sulfur consumption for | 1991. Any sulfur shortage would be of | any, will there be? When and where will 

agricultural purposes could drop signif- | short duration because of the size and | it be marketed, internally or exported? 

icantly if domestic phosphate fertiliz- | number of new production facilities | Can the needed transportation infra- 

ers’ producers are not able to compete | planned or under development. structure be built and properly man- 

successfully in the international arena. In Canada, projects nearing comple- | aged? The underlying reason for so 

The broad spectrum industrial or | tion should raise output from existing | much concern was that this single facil- 

nonagricultural sulfur use category ac- | gas plants 400,000 to 500,000 tons by | ity could put the world sulfur supply- 

counted for nearly 30% of U.S. sulfur | 1992. The development of the Caroline | demand balance into one of surplus or 

consumption and over 43% of world | gas field should increase Canadian ca- | into deficit in the 1990’s. 

sulfur demand. While significant vari- | pacity by 1.2 million tons in 1993. 
ations in demand for the diverse ele- | Expansion of the Misraq mine in Iraq | — SSS 
ments within this broad category are | should increase its output 500,000 tons | BACKGROUND 

expected in the United States and other | by late 1992. The development of the | —————__—_ 

geographic areas, world industrial de- | Osiek mine in Poland should result in a 

mand is expected to average a 1% to | net increase in Polish sulfur output of Sulfur, known as brimstone, “the 

1.2% increase annually through the | 100,000 tons by 1993. In the U.S.S.R., | stone that burns,” was used in small 
remainder of the century, reaching 29 | an 800,000-ton-per-year expansion at | quantities for thousands of years. Man 
million tons in the year 2000. the Orenburg gas plant should be com- | was probably first drawn to native sul- 

The necessity for the removal of sul- | pleted by late 1992. The new associated | fur by its bright yellow color and pun- 

fur from solid, liquid, and gaseous | gas processing facility at Tengiz (Tengiz | gent odor. Early man used sulfur as a 
effluents for environmental protection | I-1990, Tengiz II-1992, Tengiz III- | colorant for cave drawings, as a fumi- 
has caused the production of sulfur | 1993) should be capable of producing | gant, for medicinal purposes, and as 
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TABLE 21 

U.S. SULFUR SUPPLY-DEMAND RELATION 

(Thousand metric tons) 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

. WORLD PRODUCTION! 

United States | 12,101 11,866 12,145 9,787 9,290 10,652 11,609 11,087 10,539 10,746 11,592 

Rest of world 41,126 43,117 41,405 40,772 40,480 = 41,847 42,162 42,514 45,529 47,350 46,756 
| Total 53,227 54,983 53,550 50,559 49,770 52,499 53,771 «53,601 «56,068 += 58,096 58,348 |: 

COMPONENTS AND DISTRIBUTION OF U.S. SUPPLY 

Production: 

Frasch mines 6,357 6,390 6,348 4,210 3,202 4,193 5,011 4,043 3,202 3,174 3,888 

Recovered elemental: 

Natural gas processing 1,760 1,757 1,971 1,960 2,371 2,407 2,373 2,246 2,536 2,501 2,537 

Petroleum refining 2,310 2,316 2,288 2,444 2,584 2,807 2,940 3,570 3,624 3,943 3,973 

_Other forms 1,674 1,403 1,538 11731133 1,245 1,285 1,228,176 1,128 _1,194 
Total all forms 12,101 11,866 12,145 = 9.787 9,290 ~—-'10,652-s:11,609 «11,087 -—«:10,539~—s«:10,746~—«:11, 592 

Industry stocks, Jan. 1 5,345 4,239 3,056 3,546 4,218 3,223 2,419 2,799 2,748 2,316 1,112 

Imports 2,494 2,523 2,522 1,905 1,695 2,557 2,104. 1,347 1,599 1,996 2,260 
Total U.S. supply 19,940 18,628 «17,723 15,238 ~—'15,203. 16,432 «16,132 «15,233 14,886 «15,058 14,964 

Distribution of U.S. supply: | | : 

Industry stocks, Dec. 31 4,239 3,094 3,546 4,218 3,223 2,419 2,799 2,748 2,316 1,112 1,301 

Exports 2,044 1,782 1,392 961 992 1,334 1,365 1,895 1,242 1,223 1,024 

Demand 13,739 13,659 12,785 10,059 10,988 12,679 11,968 10,586 11,323 12,712 12,685 

Apparent surplus (+), deficit . 

(—) of supply? -82 +93 —_ — — — — +4 +5 +11 -46 |. 

| U.S. DEMAND PATTERN 
Agriculture: | : 

Phosphoric acid 7,581 8,499 7,748 6,415 7,113 8,621 7,872 6,973 7,556 8,404 8,642 

Other 561 __ 634 659 566 703 603 686 683 642 598 4311 
Total 8142 9,133 8,407 «6,981 7,816 9,224 «8,558 7,656 «8,198 9,002 9,073 

Drugs and food products ~ 101 36 ~ 19 ~ 45 ~ 35 ~ 27 «56 65 32 27  -28 

Soaps, detergents, and water — : 

treatment 323 228 284 287 257 167 215 249 204 221 200 

Plastics and synthetic | 

products 454 371 301 347 479 457 314 338 352 458 501 

Paper products 372 348 302 267 262 295 286 266 294 288 328 

Paints 343 257 149 178 128 113 111 119 118 122 138 

Metal mining and processing 869 687 626 448 319 510 442 376 426 567 723 

Explosives 19 13 14 15 20 39 31 30 49 44 17 

Petroleum refining 875 1,023 1,230 935 819 954 913 947 973 958 825 

Iron and steel production 288 | 103 88 86 94 88 69 69 67 74 59 

Storage batteries (acid) 51 34 57 53 58 58 67 50 41 51 46 

Other 1,902 1,426 1,308 447 701 747 906 421 569 __ 900 __741 

Total industrial demand 5,597 4,526 4,378 «= 3,078 «3,172 3,455 3,410 2,930 3,125 3,710 3,612 
Total U.S. primary demand 13,739 +~—«13,659~=«-12,785 «10,059 +=«'10,988~—=«'12,679-~=«11,968 +=«'10,586~=«s«11,323.S«12,712—=«12,685 

' Sulfur in all forms. 
2 The difference between total U.S. distribution of supply and total U.S. supply. 
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incense. As early as 2000 B.C., the | Industry Structure sulfur price leadership has shifted from | 

Egyptians used sulfur in the bleaching Over the centuries, many fundamen- | dominance by the U.S. Frasch producers 

of linen textiles. In the Odyssey, Homer | tal changes have occurred in man’s | to the Canadian exporters. The transfer 

refers to its use as a fumigant. During | sources of sulfur supply. Early civiliza- | was aided in the 1980’s by Canada’s 

the Peloponnesian War, fifth century tions obtained their meager require- | ability to export most of its production 

B.C., the Greeks employed the burning | ments from native sulfur deposits in or from the port of Vancouver and by its 

of a sulfur-pitch mixture to generate | 2round volcanoes. The increase in de- | willingness to ship large volumes of sul- 

suffocating gases. The Romans com- | ™and for sulfur in the late 1700’s and | fur from vatted stocks. The maturation 

bined brimstone with tar, pitch, and early 1800's was largely satisfied from of Sultran Ltd., dealing almost exclu- 

other combustible materials to produce extensive native sulfur deposits in Sic- | sively with sulfur destined for the off- 

the first incendiary weapons. Muslims ily. Monopolistic practices by the own- shore market, into a well organized and 

during the “Golden Age of Arabic ers of sulfur mining facilities in Sicily, | skilled transportation arm of the Cana- 
Science.” from about A.D. 700. devel- which led to exorbitant sulfur prices, | dian sulfur industry, aided immeasurably 

° ~~ , caused consumers to adopt iron pyrites | in Canada’s ascension to world price 

oped alchemy and were pr obably the as the second major sulfur source dur- | leadership. 
first producers of sulfuric acid. Sulfur ing the mid- to late-19th century. The In the United States, the quoted liquid 

is a necessary ingredient in gunpowder, | development in 1895 of the Frasch proc- | Frasch sulfur price, f.o.b. terminal 
which was developed as a pyrotechnic | ess for mining the large native deposits | Tampa, FL, is the benchmark price. 
in China by the 10th century. Gunpow- | associated with salt domes in Louisiana | Recovered sulfur producers, in many 
der’s introduction into Europe led to its | and Texas brought a new and important | cases, consider the economic desirability 
use in warfare in the 14th century and | source of sulfur to the United States | of producing sulfur subordinate to the 

made sulfur an important mineral com- | and world markets. Frasch sulfur and | necessity of producing it. As a result, 
modity for the first time. pyrites maintained their joint predom- | domestic recovered elemental sulfur pro- 

However, it was not until the birth of | inance as world sulfur sources through | ducers normally offer sulfur at a price $5 

the science of chemistry in the 1700’s | the mid-1970’s. to $15 per ton below the Tampa quote to 

and the growth of chemical industries With small beginnings in the 1930’s | ensure prompt sale and reduce storage 

in the 1800’s that sulfur became of | and increasing significantly from the | costs. This marketing strategy has re- 

major importance to the world outside ee onwares, environmentally man- 
of its use in warfare. Early chemists | dated or involuntary sulfur from natu- 
soon recognized the importance of sul- | Tl gas y to sure ane. Pee ren TABLE 22 
furi : ing grew to surpass Frasch sulfur an 

fre acd as the cheapest and most | eg the work's major source of | TIME-PRICE RELATION FOR 
rapidly became the most common acid sulfur. In addition, increasing quanti- SULFUR 
in the chemical industry. ties of byproduct sulfuric acid from 

smelting operations have been pro- vear Actual prices Based on constant 

Products for Trade and Industry duced to comply with pollution control P 1988 dollars 

El tal sulfur of _ laws and environmental regulations | 1970 22.17 65.76 
_ Elemental sulfur of commerce, some- | \ oridwide. ds 

times called crude sulfur or brimstone, Sulfur in its various forms is pro- | 1972 4116.76 ... «43.72 ~| 

may be marketed in either the liquid or | qyced worldwide, with no single nation 1973.6 
the solid phase, generally with a mini- | predominating as a producer or sup- | 7, >, SSO wa 1974 28.42 63.84 
mum sulfur content of 99.55%. Most | plier to world markets. In 1989, world | —————_-_ —_____| 
elemental sulfur marketed in North | sulfur production and consumption 1975 AAG 
America is sold as liquid sulfur. In world- | amounted to 58.3 and 58.9 million | 1976 45-72, — i878 

wide commerce, sulfur is shipped either | tons, respectively. The United States | 1977 =» 4438 7999) 

as broken sulfur or formed sulfur. | and the U.S.S.R. were the world’s larg- | 1978 45-17, 75-89 
Formed sulfur, prills, slates, and pas- | est producers; both nations, however, | 1979 55.75 86.04 

tilles, is generally preferred to broken | were net importers of over 1.2 million | 1980 89.06 126.06 

sulfur because it is less prone to dusting | tons of sulfur. Canada and Poland, | 1981 111.48 143.86 

and the release of fugitive dust at termi- | respectively, the third and fourth largest | 1982 108.27 131.33 

nals where sulfur is stored and trans- | world producers, ranked first and second | }933.—=—=«87.242S'si(‘<CS*«*N SCS! 

ferred from one transportation mode to | among the world’s exporting nations. | j934. ~2«09431. 2 «2 «2Ss«2106.22™”*” 

another. Sulfuric acid may be sold at | China, the world’s fifth largest producer | i938; «10646. 2~C~*”*~C“C~:~«~SCNCSC CS 

various strengths, usually depending and largest pyrites producer, was the 196° C~«~SRSCt ST 

on the requirements of the consumer. | third largest sulfur consumer; China, | ———- ——WW——____ 

The acid is generally marketed on a | however, satisfied most of its sulfur re- 1987 89.78 TG 

100% basis but is normally shipped at | quirements from internal sources. 988 85.95 85S 
66° Baume (93% H,SO,), as 98% acid, 1989 86.62 83.19 

or as 20% to 22% fuming oleum, | Economic Factors Based onthe average reported prices for elemental sulfur rasch 
which is sulfur trioxide dissolved in talk vered) f.0.b. mine and or Plant, | os 

sulfuric acid. Prices.—Over the past 20 years, world | 1970-89. 70% of the shipments of sulfur im a forme aamns 
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TABLE 23 

SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE! 

| (Thousand metric tons) 

Country? and source? 1985 1986 1987 1988? 1989°¢ 
Algeria: Byproduct, natural gas and petroleum‘ 20 20 20 20 - 20 
Australia: ~ ~ ~— ~ 

Byproduct: 

Metallurgy | 190 174 194 ©200 200 
Petroleum 12 __ 10 9 9 10 

Total _ 202 184 203 _£209 _ 210 
Austria: | a OO 

Byproduct: 

Metallurgy 11 11 10 11 12 
Natural gas and petroleum 24 29 25 36 36 

Gypsum 27 24 13 (*) — 
Total® 62 64 48 48 48 

Bahamas: Byproduct, petroleum * 1 — | — — —_— 

Bahrain: Byproduct, petroleum 36 46 48 48 48 

Belgium: Byproduct, all sources‘ 260 300 300 310 320 
Bolivia: Native 3 5 9 7 68 
Brazil: — — — — 

Frasch | 4 6 6 6 6 
Pyrites 91 92 77 103 100 
Byproduct: 

Metallurgy 79 100 153 152 155 
Petroleum 55 74 77 ___ 61 70 

Total 229 272 313 322 331 
Bulgaria: ° — ~ ~ a 
Pyrites 65 80 80 70 70 
Byproduct, all sources 53 62 65 60 60 

_ Tol titi “142 14s 130 “30 
Canada: ~~ — oO a 

Byproduct: 

Metallurgy 822 *873 783 856 831 
Natural gas 5,306 5,161 5,268 5,437 5,153 
Petroleum‘ 7125 * 129 ™142 7152 150 
Tar sands 392 *424 426 485 491 
Total® 6,645 6,587 6,619 6,930 6,625 

Chile: ~~ ~ ~— ~ 

Native: 

Refined 15 13 15 17 16 

From caliche 64 44 22 21 20 

Byproduct, metallurgy ™120 ™120 130 140 230 
Total F199 177 167 178 266 

China: ° — — — ~ 

Native 300 300 300 300 300 
Pyrites 2,200 2,500 3,700 3,900 4,000 
Byproduct, all sources 400 300 500 550 _ 600 

Total 2,900 “3,100 4,500 4,750 4,900 
Colombia: ~— ~ ~ ~ a 
Native 41 36 41 43 40 
Byproduct, petroleum 10 ©10 “10 8 8 
Total $1 846 e541 51 48 

See footnotes at end of table. 
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| TABLE 23—Continued 

| SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE’ 

(Thousand metric tons) 

Country? and source? 1985 1986 1987 1988? 1989° 

Cuba: Byproduct, petroleum‘ 5 5 5 5 5 

Cyprus:’ Pyrites 31 25 41 51 52 

Czechoslovakia: ° ~~ — — ~~ ~~ 

Native } 66 6 6 6 6 
Pyrites | ©62 60 60 60 60 

Byproduct, all sources 612 10 11 11 11 

Total ~ 680 76 77 77 77 
Denmark: Byproduct, petroleum 7 13 __ 18 __19 20 

Ecuador: ° ~ ~ — a — 

Native 4 4 5 5 4 

Byproduct: 

Natural gas 5 5 5 5 5 

Petroleum 5 5 5 5 5 

Total 14 44 45 5 14 
Egypt: Byproduct, natural gas and petroleum * 7 7 : 8 8 __ 8 

Finland: ~ ~~ ~ ~ a 

Pyrites 248 275 311 ©300 300 

Byproduct: | 

Metallurgy‘ 6257 260 220 240 240 

Petroleum | 45 42 __ 40 __47 _ 45 

Total 550 577 °571 F © 587 585 
France: ~ ~ ~ ~ OO 

Byproduct: 

Natural gas 1,386 946 872 762 | © 636 

Petroleum‘ 160 180 200 *226 235 

Unspecified * 177 180 180 180 180 

Tol titi’ 1,306 T1282 “168 1051 
German Democratic Republic: Byproduct, all sources‘ _-330 _ 315 __ 315 __ 315 __ 290 

Germany, Federal Republic of: a — OO oO a 

Byproduct: 

Metallurgy®® 320 300 300 310 315 
Natural gas 964 998 1,030 “1,000 1,050 

Petroleum ‘° 200 190 210 205 210 

Unspecified © 285 285 285 280 __ 310 

Total® 1,769 1,773 "1,825 “1,795 1,885 
Greece: ° ~ ~ oO oO a 

Pyrites 78 66 70 72 70 

Byproduct: 

Natural gas 130 130 130 130 105 

Petroleum 5 5 ___ 5 ___5 35 

Total _213 _201 __205 _207 _180 | 
Hungary: * ~~ ~ a oO — 

Pyrites 2 1 1 1 1 

Byproduct, all sources 9 10 __10 ___ 10 __ 10 

Total yi aT ii il 11 
See footnotes at end of table. 
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| TABLE 23—Continued 

SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE! 

(Thousand metric tons) 

Country? and source? 1985 1986 1987 1988? 1989° 

India: 

Pyrites 7 8 14 12 14 

Byproduct: 

Metallurgy *° -120 120 120 125 125 

Petroleum (’) “1 = fi 5 

| Total® 127 129 134 138 (144 
Indonesia: ’ Native 4 5 4 3 4 
Iran: ° ~ ~~ oO oO — 
Native 30 30 30 30 30 

Byproduct, natural gas and petroleum , 150 250 300 | 300 300 
Total ~~ 180 280 330 330 330 

Iraq:° ~~ ~ ~ ~ 

Frasch 500 600 707 700 900 

Byproduct, natural gas and petroleum 70 200 250 350 370 

Total $70 ~~ 00 ~ 6957 “1,050 1,270 
Israel: Byproduct, natural gas and petroleum 25 29 _ 40 __ *50 __50 
Italy: | ~ — Oo — oO 

Native 1 . — oo — —_ 

Pyrites 280 309 330 * €330 330 

Byproduct, all sources* !°. 240 ™370 410 __*500 __500 

Total® _*521 679 _*740 830 __ 830 
Japan: ~ ~ ~ ~ a 

_ Pyrites 253 158 79 70 63 

Byproduct: 

Metallurgy 1,201 1,228 1,225 *1,300 1,300 

Petroleum _ 1,044 985 1,012 1,077 £1,160 | 
Total 2,498 2,371 2,316 °2,447 2,523 

Korea, North: * ~— ~~ ~ ~ oO 

Pyrites 200 200 200 200 200 

Byproduct, metallurgy 30 30 30 30 30 

Tol TO 330 330 330 230 
Korea, Republic of:* — ~ ~ ~ OO 

Byproduct: 

Metallurgy 55 55 55 55 55 

Petroleum 35 35 35 35 ___36 

Total 90 9 © 90 90 91 
Kuwait: Byproduct, natural gas and petroleum* 238 260 310 360 575 

Libya: Byproduct, natural gas and petroleum‘ 14 14 14 14 __ 414 

Mexico: ~~ ~ ~ Oo 

Frasch 1,551 1,588 1,806 1,628 1,531 

Byproduct: 

Metallurgy ‘° *120 *134 "154 *240 280 

Natural gas and petroleum 469 462 498 510 _ °556 
Total® "2,140 2,184 2.458 2,378 2,367 

Namibia: Pyrites 108 134 74 135 130 

Netherlands: Byproduct, petroleum‘ 250 250 245 245 250 
Netherlands Antilles: Byproduct, petroleum * 25 40 60 60 60 
New Zealand: Byproduct, all sources 1 ©] 1] 4 4 
See footnotes at end of table. 
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TABLE 23—Continued 

SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE’ 

(Thousand metric tons) 

Country? and source? 1985 1986 1987 1988? 1989°¢ 

Norway: | 

Pyrites 193 181 179 ©170 170 

Byproduct: , 

Metallurgy : 60 67 *80 “80 80 

Petroleum * 10 13 15 10 __10 

Total ~ 263 ~ 261 ©274 ~ ©260 260 
Oman: Pyrites‘ "14 *16 "17 "17 17 

Pakistan: ~~ a — — ~— 

Native 1 1 1 1 1 

Byproduct, all sources‘ 26 26 26 725 25 

Total® 27 27 27 26 26 
. Peru: ~~ a ~ ~~ ~— 

Native () () () (’) (?’) 

Byproduct, all sources*® °68 66 66 66 __ 66 

Total® _ $68 6 6 6 6 
Philippines: 7 ~ ~ ~ oO a 

Pyrites 108 113 158 “160 195 

Byproduct, metallurgy ° 100 120 140 150 185 

Total® ~ 208 ~ 233 "298 310 ~ 380 
Poland: !! ~~ ~ ~ ~ ~ 

_Frasch | 4,326 4,437 4,410 4,400 4,400 
Native 657 550 694 *500 500 

Metallurgy | 170 170 170 150 150 

Petroleum . 30.—t 30 30 20 20 

Gypsum * 20 20 20 ___20 __ 20 

Total® 5,203 5,207 5,324 5,090 5,090 
Portugal: ~ ~ ~ ~ a 

Pyrites 155 144 ©140 *©120 120 

Byproduct, all sources * 5 5 5 __5 __5 

Total® : ~ 160 ~ 149 ~ 145 125 125 
Qatar: Byproduct, natural gas | 37 49 53 _ **54 __55 

Romania: *° ~~ ~ ~ OO Oo 

Pyrites 200 150 150 150 150 

Byproduct, all sources 150 140 _ 130 __120 _ 120 

| Total ~ 350 ~ 290 280 270 270 
Saudi Arabia: Byproduct, natural gas and petroleum 1,100 1,446 1,432 1,450 1,400 

Singapore: Byproduct, petroleum * 50 | __50 __50 __50 __55 

South Africa, Republic of: ~ a a a a 

Pyrites 562 499 468 “470 470 

Byproduct: 

Metallurgy 85 “108 105 *110 110 

Petroleum® !? 100 110 110 __ 120 120 

Total® 747 717 ~ 683 700 ~ 700 
See footnotes at end of table. 
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TABLE 23—Continued 

SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE! 

| (Thousand metric tons) 

Country” and source? 1985 1986 1987 1988? 1989° 

Spain: 

Pyrites 1,231 1,195 960 ©1,100 1,000 

Byproduct: ° | 

Coal (lignite) gasification 2 2 2 2 2 

Metallurgy 215 210 225 230 225 

Petroleum 7 8 8 8 8 

Total® | 1,455 1,415 1,195 1,340 1,235 
Sweden: ~ — a oO — 

Pyrites 210 227 ©220 200 225 

Byproduct: | | 

Metallurgy 123 125 125 — 125 125 

Petroleum _ 23 __ 49 __*50 45 50 

Total 356 401 ©395 370 400 
Switzerland: Byproduct, petroleum 3 3 4 “4 4 

Syria: Byproduct, natural gas and petroleum * 35 35 40 40 40 

Taiwan: Byproduct, all sources 43 63 89 86 75 

Trinidad and Tobago: Byproduct, petroleum ° (°°) ‘5 5 5 5 

Turkey: | ~ ~ ~ — ~ 

Native 44 41 39 33 20 

Pyrites 1 4 22 Fe25 25 
Byproduct, all sources* 80 80 80 80 80 

Total® > 135 126 T1441 138 125 
US.S.R.:° ~ ~~ ~~ — ~~ 

~ Frasch 960 1,100 1,100 1,100 1,100 

Native 1,800 1,900 1,900 1,900 1,800 

Pyrites 2,421 2,090 2,150 2,150 2,150 

Byproduct: 

Metallurgy | *1,025 *1,050 1,250 1,375 1,350 

Natural gas 1,974 "1,625 2,400 ¥ 3,290 2,500 

Petroleum 350 __400 450 450 450 

Total *8,530 8,165 *9,250 F 10,265 9,350 
United Arab Emirates: Abu Dhabi:® ~~ — a — — 

Byproduct: 

Natural gas 104 104 97 *146 150 

Petroleum 1 11 8 719 25 

Total 105 115 105 165 175 
United Kingdom: ~~ ~~ ~ oO a 

Byproduct: 

Metallurgy 69 "58 51 55 55 

Petroleum ___ 80 __ 105 119 129 __130 

Total 149 163 170 184 __ 185 
United States: — a — ~ ~ 

Frasch 5,011 4,043 3,202 3,174 ©3,888 

Pyrites W W W W W 

Byproduct: 

Metallurgy 957 919 1,003 1,125 1,190 

Natural gas 2,373 2,246 2,536 2,501 62,537 

Petroleum 2,940 3,570 3,624 3,943 63,973 

Unspecified 328 309 173 3 __%4 
Total 11,609 11,087 10,538 10,746 11,592 

See footnotes at endoftable. 
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TABLE 23—Continued 

SULFUR: WORLD PRODUCTION IN ALL FORMS, BY COUNTRY AND SOURCE! 

(Thousand metric tons) . 

Country? and source? 1985 1986 1987 1988? 1989° 

Uruguay: Byproduct, petroleum * 2 2 2 2 2 

Venezuela: Byproduct, natural gas and petroleum 88 99 £125 125 125 

Yugoslavia: } 

Pyrites and pyrrhotite *218 *320 258 252 255 

Byproduct: ° 

Metallurgy 170 175 175 170 170 . 

Petroleum 3 3 3 3 3 

Total * "391 *498 *436 "425 428 

Zaire: Byproduct, metallurgy ‘° 36 739 735 735 35 

Zambia: 

Pyrites 712 8 19 27 29 

Byproduct, metallurgy ‘° 719 74 714 14 74 

Total * Ol *82 ™93 7101 103 

Zimbabwe: © 

Pyrites 25 25 21 718 18 

Byproduct, all sources 5 5 5 5 5 

Total 30 30 *26 *23 23 

Grand total? *53,771 *53,601 56,068 58,096 58,348 

Of which: 

Frasch 12,352 11,774 11,230 11,008 11,825 

Native 2,970 2,935 3,066 2,865 2,749 

Pyrites - *8,985 *8,881 9,800 10,163 10,214 

Byproduct: 

Coal (lignite) gasification 2 2 2 2 2 

Metallurgy "6,414 *6,519 6,807 7,338 7,521 

Natural gas 12,279 *11,264 12,392 13,325 12,191 

Natural gas and petroleum, 
undifferentiated 2,240 72,852 3,062 3,263 3,494 

Petroleum "5,618 *6,379 6,599 7,015 7,176 

Tar sands 392 "424 426 485 491 

Unspecified sources *2,472 72,527 2,651 2,611 2,665 

Gypsum 47 44 33 20 20 

©Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; included with “Byproduct: Unspecified sources.” 

' Table includes data available through May 16, 1990. 
2In addition to the countries listed, a number of nations may produce limited quantities of either elemental sulfur or compounds (chiefly H2S or SO.) as a byproduct of petroleum, natural gas, and/or 

metallurgical operations, but output, if any, is not quantitatively reported, and no basis is available for the formulation of reliable estimates of output. Countries not listed in this table that may recover 

byproduct sulfur from oil refining include Albania, Bangladesh, Brunei, Burma, Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, Nicaragua, Paraguay, and the People’s Democratic Republic of 

Yemen. Albania and Burma may also produce byproduct sulfur from crude oil and natural gas extraction. No complete listing of other nations that may produce byproduct sulfur from metallurgical 

operations (including processing of coal for metallurgical use) can be compiled, but the total of such output is considered as small. Nations listed in the table that may have production from sources other 

than those listed are identified by individual footnotes. 

3 The term “source” reflects both the means of collecting sulfur and the type of raw material. Sources listed include the following: (1) Frasch recovery; (2) native, comprising all production of elemental sulfur 

by traditional mining methods (thereby excluding Frasch); (3) pyrites (whether or not the sulfur is recovered in the elemental form or as acid); (4) byproduct recovery, either as elemental sulfur or as sulfur 

compounds from coal gasification, metallurgical operations including associated coal processing, crude oil and natural gas extraction, petroleum refining, tar sand cleaning, and processing of spent oxide 

from stack-gas scrubbers; and (5) recovery from the processing of mined gypsum. Recovery of sulfur in the form of sulfuric acid from artificial gypsum produced as a byproduct of phosphatic fertilizer 

production is excluded because to include it would result in double counting. It should be noted that production of Frasch sulfur, other native sulfur, pyrites-derived sulfur, mined gypsum-derived sulfur, 

byproduct sulfur from extraction of crude oil and natural gas, and recovery from tar sands are all credited to the country of origin of the extracted raw material; in contrast, byproduct recovery from 

metallurgical operations, petroleum refineries, and spent oxides is credited to the nation where the recovery takes place, which in some instances is not the original source country of the crude product from 

which the sulfur is extracted. 

4 Revised to zero. 

5 Data may not add to totals shown because of independent rounding. 

© Reported figure. 
7In addition, may produce limited quantities of byproduct sulfur from oil refining. 
8 Includes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; additional output may be included under “Byproduct: Unspecified sources.” 

Less than 1/2 unit. 
10 Includes recovery from gypsum, if any. 

1! Official Polish sources report total Frasch and native mined elemental sulfur output annually, undifferentiated; this figure has been divided between Frasch and other native sulfur on the basis of information 

obtained from supplementary sources. 

!2 Estimates for 1985-89 include byproduct production from synthetic fuels. 
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sulted in restricting Frasch sulfur sales | spiral began in mid-1986 because of a | OTHER SOURCES OF INFORMATION 
from many market areas that they for- | slight softening in demand and in- a 

merly served. creased competition for world markets, | Bureau of Mines Publications = 
During the 1980’s, the sulfur price | The Tampa price decreased $20 from | Sulfur. Ch. in Mineral Commodity 

showed a significant degree of volatility | August 1986 to September 1987, and Summaries, annual. 
compared to its prior history (see figure | Vancouver prices were off nearly $37 | Sulfur. Ch. in Minerals Yearbook, 
1.). The worldwide recession of 1982 | during the same time period. Tampa annual. oo 
and the U.S. Department of Agricul- | prices were stable for about a year and | Sulfur. Reported monthly in Mineral 
ture PIK program in 1983 reduced | then increased $12.50 per long ton dur- Industry Surveys. 
world sulfur production and demand. | ing the latter part of 1988. Vancouver | Other Sources 
Tampa prices fell from $147.50 per | prices declined another $2 to $3 per ton | Chemical and Engineering News, 
long ton to $122.50 from mid-1982 to | in late 1987 and held steady until the weekly. 
yearend 1983. Vancouver, British Co- | latter part of 1988 when they rose Chemical Engineering, weekly. 
lumbia, export prices were down from | nearly $10 per ton. The price of sulfur Chemical Marketing Reporter, weekly. 
$127.50 in mid-1981 to $85.50 in De- | decreased rapidly in mid-1989, as re- Chemical Week. 
cember 1983. Prices escalated rapidly | counted earlier. European Chemical News (London), 
in 1984 because of a tremendous in- weekly. 

crease in demand in the United States Fertilizer International (London). 

and worldwide. The quoted Frasch Vasilyev, B. T, V. S. Sushev, Yu. V. Filatov, and V. Fertilizer Focus (London). 
price at Tampa, FL, increased $25 per | Mm. Borisov. Current Status and Future Prospects for the Green Markets, weekly. 
long ton during the year and the spot | Development of Sulfuric Acid Production in the Industrial Minerals (London). 
price from Vancouver, British Colum- | U-S.S.R. KHIMICHESKAYA INDUSTRIYA, No. 11, The Oil and Gas Journal, weekly. 

bia, jumped $60 per ton. A downward | N°. 1989 pp. 817-823. Phosphorus & Potassium (London), 
bimonthly. 

Sulphur (London), bimonthly. 
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By Robert L. Virta 

Mr. Virta, a physical scientist with 14 years Bureau of Mines experience, has been the commodity specialist for talc and 
pyrophyllite since 1986. Domestic survey data were prepared by Linder Roberts, mineral data assistant, and international 

data tables were prepared by Peter Roetzel, international data coordinator. 

omestic production of talc | be reported in metric units. istrative stay on its 1986 regulation 
and pyrophyllite increased governing worker exposure to the non- 
slightly from that of 1988to | __.—CC#ST,:s assleStiforrm varieties of actinolite, an- 
1,253,128 metric tons. Sales | LEGISLATION AND thophyllite, and tremolite. During the 

of crude and processed talc and pyro- | GOYWERNMENT PROGRAMS | ‘tay: OSHA continued to analyze the 
phyllite increased 10% to 1,145,097 tons | ———————_________—__ | impact of using the asbestos standard 
and decreased slightly in value. Imports to regulate the nonasbestiform varieties 
for consumption decreased 2% to 77,716 The Occupational Safety and Health | of the minerals. An exposure limit of 2 
tons and decreased slightly in value to | Administration (OSHA) _ extended | fibers per cubic centimeter will remain 

$12,128,000. Exports increased 23% in | through November 30, 1990, an admin- | in effect during the stay.! 
tonnage to 319,329 tons and 35% in 
value to $28,949,000. Over the past 10 
years, talc and pyrophyllite production TABLE 1 
averaged 1,135,000 tons; sales, 1,071,000 
tons; domestic consumption, 940,000 SALIENT TALC AND PYROPHYLLITE STATISTICS 

tons; exports, 243,000 tons; and imports, (Thousand metric tons and thousand dollars) 
44,000 tons. The major use for talc was 
in ceramics, which accounted for 32% of sss ggg S*«qB6S~*~«dTS*~*~C~«~CSSS*~C:«é«aO 
the domestic consumption, followed by | ————___LLllOouo&é#|V-____"”m>—0—0—0 ooo 
paint, 15%; paper, 14%; roofing, 10%; United States) 
plastics, 10%; and other, 19%. The ma- | —Mine production, crude: 
jor use for pyrophyllite was in ceramics, — Tae 1,078 1,106 _ 1,080 “1,136 1,172 

which accounted for 60% of the market Pyrophyllite | BS TC 
followed by refractories, 18%; insecti- Total ' 1,151 1,181 1,163 "1,234 1,253 
cides, 9%; and other, 13%. Value: 

Talc $27,768 $29,687 $27,265 "$29,364 $27,731 

a Pyrophyllite } 1,420 1,540 1,607 1,820 W 
DOMESTIC DATA Total 29,188 31,227 28,872 31,185 227,731 
COVERAGE Sold by producers, crude and 

gg processed: 

. . Talc 968 971 975 ™940 1,065 

Domestic production and sales data | “ pyophyllite 73 75 82 93 719 
for talc and pyrophyllite are developed Tol! tC=<CSsts‘“sS:~—SOSSOt*d2wSC(“*‘“ ST OCH«OB3SSC«*;S DAS 
by the Bureau of Mines from a volun- Tne ESE Se SS Sc 
tary survey of U.S. mines and mills. | ——————___— . 
Survey forms were sent to 19 companies Tale s«$4,542 $111,924 $113,394 $115,899 $114,453 

that operated 55 mines and mills. Fif- | ___Pytophyllite 3,273 3,366 3,124 NAW 
teen companies that account for approx- Total! 117,815 115,290 117,107 120,063 7114,453 

imately 58% of the domestic production Exports? (talc) 215 212 *255 *260 319 
responded to the survey. Production data Value $14,282 $16,302 $19,607 "$21,391 $28,949 

for one nonrespondent were obtained Imports for consumption (talc) 43 47 48 80 78 

from a company annual report. Data for Value $9,532 $8,715 $10,348 $12,268 $12,128 
two nonrespondents that accounted for | “Apparent consumption? 979 1,016 956 1,054 1,012 
approximately 5% of the domestic pro- | Wong: Production. SOS 7.828 7.697 7,804 P7991 £7,980 

_ | duction were estimated from reported | <eimated. Preliminary. “Revised. W Withheld to avoid disclosing company proprietary data. ==S=S=~S~S~S~S~S~*S 
prior-year pr oduction levels adjusted by 1 Data may not add to total shown because of independent rounding. 

trends in employment and other guide- ; Does not include value for pyroptyilie. 

lines. Beginning in 1989, pr oduction and ‘Production, plus imports, mines porte, ies adjustments in Government and industry stock changes. Does not include imported 

trade data for talc and pyrophyllite will | pyrophyttite. 
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OSHA revised its standards for expo- | Talc Co., Montana Talc Co., and Pfizer | residence time in the flotation circuits 
sures to talc and soapstone. The per- | Inc. The major producing deposits | determined flotation efficiency. 
missible 8-hour time weighted average | were in Montana, New York, Texas, U.S. mine production of crude talc 
exposure limit is 2.0 milligrams per | and Vermont. increased 3% in tonnage and decreased 
cubic meter (mg/m*) for talc (con- Commercial talc production was from | 6% in value. Mines that operated in 
taining no asbestos), 3 mg/m? for re- | deposits that were formed through hy- | Montana, New York, Texas, and Ver- 
spirable soapstone dust, and 6 mg/m? | drothermal alteration of ultrabasic rocks | mont accounted for 94% of domes- 
for total soapstone dust.” and low-grade metamorphism of sili- | tic talc production. Montana led all 

The Mine Safety and Health Admin- | ceous dolomites. They generally occur as | States in the tonnage and value of talc 
istration proposed revisions to its air | lenses or pods in the country rock. Mag- | produced. 
quality, chemical substances, and respi- | nesite, quartz, chlorite, magnetite, ser- Pfizer Inc. finalized plans and began 
ratory protection standards. The pro- | pentine, anthophyllite, tremolite, dolo- | construction of a talc beneficiation 
posed permissible 8-hour time weighted | mite, and actinolite may be present as | plant in Montana. The company will 
average exposure limit is 2.5 mg/m° for | accessory minerals. use flotation processing to remove im- 
talc (containing no asbestos), 3 mg/m? Most of the domestic talc production | purities from the ore. The flotation 
for respirable soapstone, and 6 mg/m? | was from open pit mining operations. | process will permit the company to 
for total soapstone dust. The nonas- | Underground mining was used only | recover talc from pond tailings, mill 
bestiform varieties of tremolite, antho- | when a large waste rock to ore ratio | rejects, and ore stockpiles and compete 
phyllite, and actinolite would be cov- | made open pit mining uneconomical. | in markets that it did not previously 
ered under the proposed respirable | Typically, overburden was removed and | service.* 

mine dust standard.? blasting was used to fracture the ore. | 
The companies then used selective min- | Pyrophyllite 

ao CSYs ing and manual or automated sorting Pyrophyllite was produced by four 
ISSUES to produce a high-grade feed for the | companies operating five mines in two 

a auvu_TTH_ | Ml], Jaw crushers were used to reduce | States. Production was from hydrother- 
the size of the mill feed, and ball mills | mally altered volcanic deposits of 

The question of whether or not the | or roller mills were used to produce the | acidic composition. The deposits con- 
nonasbestiform varieties of tremolite, | final product. Fluid-energy mills or | sisted of pyrophyllite with sericite, an- 
anthophyllite, and actinolite pose a | pulverizing mills were used for ultrafine | dalusite, and/or quartz as accessory 
health risk continued to concern a por- | grinding of the talc ore. In a few in- | minerals. After removing the overbur- 
tion of the talc industry. OSHA main- | stances, the ore was calcined prior to | den, the ore was either stripped using 
tains that although nonasbestiform | milling to increase its whiteness. bulldozers and scrapers or extracted 
amphiboles may not pose as great a Flotation processes were used when | using conventional open pit mining 
health risk as asbestos, the risk posed is | the desired product purity was not ob- | techniques. The ore was dried and then 
great enough to warrant their regula- | tained by using conventional process- | jaw crushers and gyratory crushers were 
tion. Industry representatives believe | ing. The milled ore was chemically | used to reduce the size of the mill feed. 
that there are insufficient data to dem- | treated, passed through rougher and | Ball, pebble, or roller miils were used to 
onstrate a health risk and that a regu- | cleaner cells to separate the talc from | produce the final product. 
lation is not required. Much of the | the gangue material, dried in a flash U.S. mine production of crude pyro- 
controversy surrounds the choice of | dryer, and ground in a pulverizer. Ore | phyllite decreased 17% in tonnage 
study and control populations, the | composition, reagent type, pulp den- | due primarily to the closure of one 
mineralogy and concentration of air- | sity, pH of the flotation system, and | mine in North Carolina. North Caro- 
borne dusts at the time of exposure, 
prior worker exposure to carcinogens, 

and smoking patterns. TABLE 2 

CRUDE TALC AND PYROPHYLLITE PRODUCED 
T,_-HH -- IN THE UNITED STATES, BY STATE 
PRODUCTION 
a (Thousand metric tons and thousand dollars) 

Tale ggg dQ 1988 1989 
Fourteen companies, operating 23 State Quantity. ~~~*Vaiue’ Quantity. ~+-Vaiue™ 

mines in 19 States, produced ale S0aP- | Geog) 2 ; ¥ 
generally were structured to cover all Montana (talc) _ “Als “14,524 494 ta 
aspects of talc mining, from mining to Texas (talc) 237 4,466 242 4,964 
processing. Only a few companies hired | Other! __ 1558 111,934 __ 528 *10,338 
custom grinders to mill the ore. The | _ Total’ "1,234 "31,185 1,253 *27,731 
largest of the domestic producers were ‘Revised. W Withheld to avoid disclosing proprietary data; included under “Other.” 4 Vievint 

Cypru s Industrial Minerals C o. Inc. pose wines sine for nnophylite. New York, North Carolina, Oregon, Vermont, and Virginia. 

Dal-Tile Inc. (Texas Talc), Gouverneur | *pata may not add to totals because of independent rounding. 
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lina accounted for most of the domes- | position from talc, did not have the | to $162 per ton for quantities greater 
tic production. same applications as talc. Properties | than 1,000 tons and averaged $90 per 

such as softness (1 to 2 on the Mohs’ | ton for all exports. 
S| sseaale), whiteness, chemical inertness, Prices, quoted by the American 

CONSUMPTION AND USES high melting point, low electrical con- | Paint & Coatings Journal, December 
——————___—_—________——_———_ | ductivity, and high dielectric strength | 26, 1989, in U.S. dollars per metric ton 

made pyrophyllitic materials useful for | for paint-grade talc in carload lots were 
Talc was used in a wide variety of | ceramics and refractories. as follows: 

products because of its softness (1 on the U. S. consumption of pyrophyllite de- | 
Mohs’ scale), purity, fragrance retention, | creased 11% in tonnage in 1989. The | —— WW WH,—W11_—1—— 

. i. . . : Canada: Fine micron, Hegman 
whiteness, luster, moisture content, oil | largest portion, 60% of domestically | \, ¢ $226 
and grease adsorption, chemical inert- produced ground pyrophyllite, was used Montana: Ultrafine grind, ~—~COCS 
ness, low electrical conductivity, high | in ceramics; 18% in refractories, 9% in | Hegman No. 6 243 
dielectric strength, and high thermal con- | insecticides, and 13% in paint, plastics, | Ny yor:  i(“‘(i=~;72X S:*‘; 2 72C] OM!*<‘it~*~™*” 
ductivity. These properties were not uni- roofing, rubber, and other. Nonfibrous, bags, mill: SS 

versal to all talcose materials because of | — “98% throush 325mesh CT - 96 

differences in their mineralogical compo- | aaa 

sition and particle shape. Mineral con- | PRICES ___99.6% through 325 mesh HTS 
tent was extremely important because it | ——————-—-—————___ |_____ Trace retained on 325 mesh ___—*d'82 
determined the end use for the material. 
Generally, only two or three of these Talc prices varied depending on the } 
properties were critical for any one | quality and on the degree and method | Approximate equivalents, in dollars 
application. of processing. The unit value of crude | Per metric ton, of price ranges quoted 

U. S. consumption of talc increased | talc was $23 per ton. The average unit | in Industrial Minerals (London), De- 
7% in 1989. The major consumer of talc | value of processed talc was $107 per | cember 1989, for talc, c.i.f. main Eu- 
was the construction industry, with ap- | ton. The average unit values of crude | ropean ports, were as follows: 
plications in ceramic tiles and sanitary | and processed pyrophyllite were slightly | 
ware, joint compounds, paint, plastics, | higher in 1989 than in 1988. Unit values Norwegian) tst—=“‘s™S™S™S™*~*~*:*~™ 
and roofing. The end-use distribution | for imported crude and ground talc Ground (exstorey).—~—~—~S*«S NG B-~G$IBS 
was ceramics, 32%; paint, 15%; paper, | ranged from $62 per ton to $278 per ton Micronized (ex store).—SCSCS« DJS 309 
14%; roofing, 10%; plastics, 10%; cos- | for quantities greater than 1,000 tons. _Micronized (ex store) TD” 
metics, 5%; and insecticides, refracto- | The average unit value for all imported | French. fine-ground 212358 
ries, rubber, and other, 14%. talc was $157 per ton. Unit values for | Italian. cosmetic-grade (309 

Pyrophyllite, being different in com- | exported talc ranged from $17 per ton | Chinese, normal (ex store): 
UK 200 mesh 254 

UK 325 mesh 265 

New York, paint, minimum 

| TABLE 3 20-ton lot P 165 

END USES FOR GROUND TALC AND PYROPHYLLITE 

(Thousand metric tons) 

a ir | FOREIGN TRADE 
Use Talc’ Pyrophyllite  Total'! Talc Pyrophyllite Total ! 

Ceramics 279 B 354 308 70 377 Beginning in 1989, the U. S. Bureau 
Cosmetis* ssa 4 — 44 50 — 50 | of the Census adopted the Harmonized 
Insecticides l 9 10 — 1 11 | System for reporting commodity im- 
Paint 131 _ 131 143 — 143 | ports and exports. Talc export catego- 

Paper 125 — 125 138 5 143 | ries under the Harmonized System were 

Plastics 93 4 97 97 1 93 | unchanged from those of previous | * 
Refractories #1 18 19 1 1 21 | years. All talc imports under the Har- 
Roofing 95 j 96 97 _ 97 | monized System will be reported as 
Rubber —~SO—CSDB °) 19 50 e) 21 crude, ground, or cut. The category 

«sc 99 ‘ $ ——— Talc, n.s.p.f.” was discontinued. 
Other® _ 107 100 id _ 109 | Talc exports i d 23% int ; ; : : ; ports increase 0 in tonnage 
Total 8B NRT BT OP and 35% in value. Mexico remained the 

Data may not add to totals shown because of independent rounding. largest importer of talc, followed by Can- 

2 Incomplete data. Some cosmetic talc known to be included in “Other.” ada, Japan, and Belgium-Luxembourg. 

lass than 1/2 unit. vet sites and coan noo tet sacings. tice votih sot Talc imports decreased 2% in tonnage 
specified. art scuipture, asphalt er and coatings, crayons, floor tie, oundry acings, rice polishing, stucco, an other uses not and 1% in value. Australia and Canada 

5 Includes imported pyrophyllite. provided 77% of all talc imports. 
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TABLE 4 

U.S. EXPORTS OF TALC! 

(Thousand metric tons and thousand dollars) 

Year Luneoboure Canada” Japan Mexico Other? Total 4 

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 

1985 5 373 73 4,864 16 1,422 98 4,492 22 3,131 215 14,282 

1986 14 1,273 54 4,411 20 1,707 102 4,464 24 4,447 212 16,302 

1987 27 2,482 55 5,000 24 2,405 "101 "4,182 47 5,538 "255 "19,607 

1988 27 "3,942 62 5,079 “30 "3,849 "97 "3,225 44 5,296 *260 *21,391 

1989 30 4,766 — 81 5,614 35 4,710 107 6,601 65 7,258 319 28,949 

" Revised. 

' Excludes powders—talcum (in package), face, and compact. 

2 Probably includes shipments in transit through Canadian ports. 

3 Includes 55 countries in 1989. 

‘Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

TABLE 5 

U.S. IMPORTS FOR CONSUMPTION OF TALC, BY COUNTRY 

Not crushed or Crushed or Cut and Talc Total 
powdered powdered sawed n.s.p.f. __unmanufactured* _ 

Country Quantity Value Quantity Value Quantity Value Value = Quantity Value 

| (metric (thou- (metric (thou- (metric (thou- (thou- (metric (thou- 

tons) sands) tons) sands) tons) sands) sands) tons) sands) 

1987: 9,166 $916 36,999 $6,112 2,120 $2,017 $1,304 48,285 $10,348 

1988: oO 
Australia 18,254 1,468 20 2 — — — 18,274 1,470 

Brazil — — 493 88 185 . 59 36 678 184 

Canada 365 36 42,007 6,384 100 149 40 42,472 6,609 

: China 8,279 599 — — 697 435 342 8,976 1,376 

Italy 630 95 736 330 17 24 66 1,383 515 

Korea, Republic of — — 1,738 402 17 13 2 1,755 418 

Other? 4,461 419 1,227 473 166 200 604 5,854 1,696 

Total ! 31,988 2,617 46,221 7,679 1,182 880 1,090 79,391 12,268 
1989: — a — ~ — — OT ~ — 

Australia 6,999 500 6,001 540 — — NA 13,000 1,040 

Brazil — — 228 40 116 57 NA 344 97 

Canada 116 35 46,559 6,808 133 112 NA 46,808 6,954 

China 5,080 366 576 157 748 540 NA 6,404 1,063 

Italy — — 2,647 630 — — NA 2,647 630 

Korea, Republic of 137 26 1,233 209 — — NA 1,370 235 

Other? 4,084 533 2,871 881 188. 695 NA 7,143 2,109 

Total 16,416 1,460 60,115 9,265 1,185 1,404 NA 77,716 12,128 

' Data may not add to totals shown because of independent rounding. 

Includes 21 countries. 

Includes 19 countries. 

Source: Bureau of the Census. 
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WORLD REVIEW Ltd. to begin mining a talc-magnesite OUTLOOK 
S| «deposit at Cunningsburgh. The deposit | —————————________ 

contains 19,000 tons of rock with a 
The United. States remained the | composition of 95% talc and whiteness The average annual growth in domes- 

world’s largest talc producer, and Japan | of 90 to 92. Shetland Talc is a joint | tic demand for talc and pyrophyllite was 
remained the largest pyrophyllite pro- | venture between Anglo-European Min- | 1.4% between 1970 and 1989 and 0.4% 
ducer. China, Japan, and the United | erals Ltd. and Dalriada Mineral Ven- | between 1980 and 1989. Demand aver- 
States accounted for 44% of the world’s | tures Ltd.’ aged between 900,000 and 1,000,000 
talc and pyrophyllite production. tons per year for this period. Relative 

TABLE 6 increases and decreases in demand have 
been the result of minor market fluctua- 

Capacity WORLD TALC AND tions rather than long-term trends. De- 
The data in table 6 are annual rated PYROPHYLLITE ANNUAL mand for talc and pyrophyllite is ex- 

capacity for mines and refineries as of PRODUCTION CAPACITY, pected to continue to fluctuate around 1 
December 31, 1989. Rated capacity is DECEMBER 31, 1989 million tons per year in the near future. 
defined as the maximum quantity of (Thousand metric tons) Ceramics will continue to be the ma- 
product that can be produced in a period jor domestic end use for talc, followed 
of time on a normally sustainable long- | —________ Rateq_ | by consumption in paint, paper, plas- 
term operating rate, based on the physi- Country capacity! | tics, roofing, and cosmetics, in de- 
cal equipment of the plant, and given | NounAmericas  —SOt=<CSs=<‘<isSst<CSstCSstCStsS Seeding, order. For ppycophyllllitte, the’ 
acceptable routine operating procedures | ~Gjingasi(‘ét;*;*é~™S 299 major domestic end uses will continue 
involving labor, energy, materials, and United States Stt(“<~S*tCS~S 1.361 to be in ceramics and refractories. 

maintenance. Capacity includes both OP-|——Toal Sst 660 

erating plants and plants temporarily Latin America: 2 tS =< Federal Register. Occupational Safety and Health 
closed that, in the judgment of the au- ae Administration (Dept. of Labor). Occupational Expo- 

thor, can be brought into production _Argentina 45 sure to Asbestos, Tremolite, Anthophyllite, and Actin- 
within a short period of time with mini- Brazil 454 olite. V. 54, No. 139, July 21, 1989, pp. 30704-30705. 
mum capital expenditure. Mexico 36 2, Occupational Safety and Health Administra- 

 Othr | 36 tion (Dept. of Labor). Air Contaminants. V. 54, No. 12, 

ee ___-” | Jan. 19, 1989, pp. 2332-2772. 
. Total 571 3__. Mine Safety and Health Administration 

Austria Europe: (Dept. of Labor). Air Quality, Chemical Substances, 

Talkumwerke Naintsch Ges.mbH, Austria ti(‘i‘ists~sS~™S 136 and Respiratory Protection Standards. V. 54, No. 166, 

Osterreichische Talkumindustrie Ges.- Finland 363 o  aachus, Pte vim Plannin $8.5 Million Project 

mbH., and Naintsch Mineralwerke Ges.- France t—t— 363 Montana (Butte) Standard, Aue. 4, 1989. 

mbH were reorganized as Naintsch Ttly || 163 > Industrial Minerals (London). Talc Companies Con- 
Mineralwerke Ges.mbH. With the con- | ————____- | solidate. No. 266, Nov. 1989, pp. 8-9. 

solidation of these companies, Nain- _Norway 136 6____._ UN Pyrophyllite Search. No. 257, Feb. 1989, 
tsch Mineralwerke Ges.mbH is the only | _US-S-R. 544 | pil. 
operator in the Rabenwald talc district. Other 236 7, Go Ahead for Shetland Tale. No. 270, Mar. 

Three mines and mills will be operated Total 1,941 | 1990, p. 147. 
for a total production capacity of | Africa: 
150,000 tons per year. Markets include Egypt 13 OTHER SOURCES OF INFORMATION 
bitumen, ceramics, paints, paper, and South Africa, ; . 
plastics.° Republic of 18 Bureau of Mines Publications 

Othr \ Mineral Facts and Problems, 1985. 

“Tol —7 Mineral Commodity Summaries, 

China Asias == annual. 

The United Nations Fund for Natu- | "Gia StS 1.179 Minerals wearoo® annual. ' 
ral Resources Exploration signed an | — 4, ST 454 Mineral Industry Surveys, annual. 
agreement with China to explore for | ——————————— Information Circular 9220, 1989. 
pyrophyllite deposits in Fujian prov- Wan 32 | Other Sources 
ince. The project will entail geological | —J@P@"_ == 1,633 Company annual reports. 
mapping, trenching and pitting, drill- | _Korea, North 181 Industrial Minerals (London). 
ing, and sampling. Previous work indi- Korea, Republic of 998 Engineering and Mining Journal. 

cated reserves of 19 million tons of | _ Other 82 World Mining. 

pyrophyllite in the province.°® Total 4,559 Mining Engineering. 
Oceania. © Mining Journal (London). 

Australia 227 
United Kingdom Worldtoal—s—<“‘SC!COC~*W 3.900 

The Shetland Islands Council ‘Includes capacities of operating plants as well as plants on 

granted permission to Shetland Talc | standby basis. 
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TABLE 7 

TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT’ 

(Metric tons) 

: Country? 1985 1986 1987 1988? 1989° 

Argentina: 

Pyrophyllite 2,785 2,812 1,260 671 1,000 

Steatite* 3280 300 300 — 250 250 

Talc 15,944 22,353 27,103 26,028 25,000 

Australia: 

Pyrophyllite 7,317 8,588 6,036 5,750 5,000 

Talc 132,074 179,467 206,865 199,631 195,000 

Austria: Steatite 131,454 133,319 129,959 132,974 135,000 

Brazil: 

Algomatolite 106,152 131,036 104,536 © 120,000 120,000 

Pyrophyllite 81,910 87,250 51,114 ©75,000 75,000 

Talc 356,333 336,706 425,513 ©425,000 425,000 

Burma: Steatite 128 56 22 25 28 

Canada (shipments): Pyrophyllite, soapstone, talc 126,860 123,037 141,223 134,000 3143,000 

Chile: Talc 1,299 2,257 980 1,070 1,000 

China: Unspecified* 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 
Colombia: Pyrophyllite, soapstone, talc 8,611 9,013 11,927 12,800 13,000 

Egypt: Pyropyllite, talc, soapstone, steatite 7,700 8,800 “6,600 7,268 7,000 

Finland: Talc 318,547 284,179 319,000 379,000 380,000 

France: Talc 310,897 314,965 ©328,800 © 330,000 340,000 

Germany, Federal Republic of: Talc (marketable) 20,716 21,884 19,785 ©20,000 19,000 

Greece: Steatite 1,725 17,310 1,507 “1,600 1,600 

Hungary: Talc* 17,000 16,000 15,000 13,000 12,000 

India: 

Pyrophyllite 53,741 53,005 51,724 58,789 60,000 

Steatite 329,192 343,000 359,448 382,000 385,000 

Iran: Talc* 330,800 31,000 31,000 31,000 30,000 

Italy: Steatite and talc 132,614 151,206 150,718 158,722 155,000 

Japan: 

Pyrophyllite 1,355,625 1,270,112 1,241,069 1,244,491 1,231,300 

Talc 78,616 63,851 55,899 49,213 54,500 

Korea, North: Unspecified ° 170,000 170,000 170,000 170,000 170,000 

Korea, Republic of: 

Pyrophyllite 738,304 587,049 690,819 673,776 640,000 

Talc 194,174 210,631 161,052 146,478 160,000 

Mexico: Talc 29,900 24,301 17,469 18,320 20,000 

Nepal: Talc? 6,015 8,780 3,539 4,430 5,000 

Norway: Talc* 100,000 100,000 100,000 100,000 100,000 

Pakistan: Pyrophyllite 20,183 23,021 23,278 37,429 30,000 

Paraguay: Unspecified 120 130 180 150 3200 

Peru: 

Pyrophyllite . — 7,354 705 * 1,000 750 

Talc 500 1,754 1,447 *1,500 1,250 

Philippines: Talc 345 © 1,000 — — — 

Portugal: Talc 3,607 4,141 7,292 7,187 7,200 

Romania: Talc‘ 65,000 65,000 65,000 65,000 60,000 

South Africa, Republic of: 

Pyrophyllite 4,227 4,606 3,467 3,162 3,000 

Talc 10,220 8,641 8,005 10,111 10,500 

See footnotes at end of table. 
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TABLE 7—Continued 

TALC AND PYROPHYLLITE: WORLD PRODUCTION, BY COUNTRY AND PRODUCT' 

(Metric tons) 

Country” 1985 1986 1987 1988? 1989° 

Spain: Steatite 88,776 81,476 75,307 T £80,000 80,000 

Sweden: Talc and steatite *14,400 711,233 16,981 *©16,000 16,000 

Taiwan: Talc 17,560 21,552 22,102 21,603 20,000 

Thailand: . 

Pyrophyllite 42,002 36,165 37,749 37,285 38,000 

Talc 1,476 2,886 4,101 4,843 5,000 

U.S.S.R.: Talc® 520,000 520,000 530,000 530,000 530,000 

United Kingdom: Talc 20,000 "12,352 12,529 14,182 14,000 

United States: 

Pyrophyllite 73,000 75,000 83,000 97,000 381,301 

Talc 1,078,000 1,106,000 1,080,000 1,140,284 31,171,871 

‘Uruguay: Talc 1,308 1,255 1,648 © 1,600 1,600 

Zambia: Talc 449 266 258 73 200 

Zimbabwe: Talc 437 797 516 976 900 

Total "7,828,323 * 7,696,896 7,803,832 7,990,671 7,980,450 

“Estimated. °Preliminary. ‘Revised. 

' Table includes data available through May 11, 1990. 
2In addition to the countries listed, Czechoslovakia and Turkey produce talc, but available information is inadequate to make reliable estimates of output levels. 

3 Reported figure. 

4 Total of beneficiated production, salable direct shipping production, and that consumed by consumers. 

5 Data based on Nepalese fiscal year beginning mid-July of year stated. 
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By Thomas O. Llewellyn 

Mr. Thomas O. Llewellyn is a physical scientist with the Branch of Nonferrous Metals. He has covered thallium for 3 
years. Domestic survey data were prepared by Lura Nightlinger, Nonferrous Metals Data Section. 

n 1989, domestic demand for thal- | radiation-detection equipment, additives | metal to about $230 per kilogram for 
lium metal was met by imports. for changing the refractive index and den- | 99.999%-pure metal. The average value 

[ Thallium is a trace element with | sity of glass, low-temperature mercury- | per kilogram of unwrought thallium 
an estimated average abundance of | thallium alloy switches, high-density liq- | metal and waste and scrap imported 

2.2 parts per million in zinc sulfide ores, | uids, alloys, photosensitive devices, and | into the United States was estimated to 
and is a byproduct recovered from flue | radioactive isotopes for cardiovascular | be about $105 per kilogram. 
dust and residues collected in the smelt- | diagnostic procedures. Very few foreign 
ing of zinc as well as copper and lead | countries used thallium sulfate as an | SSeS 
ores. There are a number of rare thallium | ingredient in rodenticide. These coun- | FOREIGN TRADE 
minerals found in nature, which have no | tries were in the process of banning. its__-—-27-7NYYHYyYyydyYyYyYNvMmm————— 
commercial importance as sources of | use for such purposes because of its high 
thallium metal. toxicity to humans. Thallium materials were imported 

from Belgium, the Federal Republic of 
Germany, and Japan. Belgium remained 

a S| sth principal source of imported material 

CONSUMPTION AND USES PRICES and increased its share of total US. 
TS, | Ap?“ pT > _ thallium imports from 72% in 1988 to 

approximately 95% in 1989. 
Based on import data and discus- Thallium metal was sold at various Effective January 1, 1990, the im- 

sions with metal traders, the domestic | prices during the year according to its | port duty for unwrought thallium, and 
consumption of thallium in 1989 was | purity. Metal traders reported that the | waste and scrap (Harmonized Code | 
estimated to be 950 kilograms, about | average price of thallium metal in 100- | 8112.91.6000) was 5.5% ad valorem for 
5% higher than 1988. Thallium was used | kilogram lots ranged from $170 per | most favored nations (MFN) and 25% 
in superconductivity research, gamma | kilogram for 99.9%-pure thallium | ad valorem for non-MFN. 

TABLE 1 

U.S. IMPORTS FOR CONSUMPTION OF THALLIUM,’ BY COUNTRY 

Compounds Unwrought and waste and scrap 

Country Gross weight ntent? Gross weight 
(kilograms) (kilowrams) Value (kilograms) Value 

1988: 

Belgium 250 200 $36,955 306 $38,409 

Germany, Federal Republic of 77 61 10,898 — — 

Japan 175 140 11,372 — — 

Total 502 401 59,225 306 38,409 

1989: 3 a 
Belgium — — — 1,135 116,402 

Germany, Federal Republic of — — — 15 3,104 

Japan — — — 23 3,895 

Total — — — 1,173 123,401 

' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable to those in 1988. 

? Estimated by the Bureau of Mines. 

3 Beginning in 1989, only data for unwrought and waste and scrap are available. 

Source: Bureau of the Census. 
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WORLD REVIEW temperature superconductors, princi- | clude that, only in the case of thallium 
| pally made from alloys of the metals | were large price increases and shortages 

niobium and titanium, become super- | likely to occur. 
Reserves | conductors when chilled to a liquid- 

World production data for thallium | helium temperature of about 4 K | Operating Factors 
were not available. The U.S. reserves in | (-269° C). The critical temperature of Toxicity.—Thallium metal and its 
zinc ores were estimated to be 32,000 | the thallium-based superconductors | compounds are highly toxic; they 
kilograms. Rest-of-world reserves were | were among the highest of supercon- | should be handled with extreme care 
estimated to be 345,000 kilograms of | ductors developed. and require the use of rubber gloves. It 
thallium. In 1989, scientists at the Interna- | can be absorbed into the human body 

tional Business Machines Corporation | by skin contact, ingestion, or by inhal- 
oo sSséreceived the first patent in the United | ing dust or fumes. The element is not 
OUTLOOK States for a high-temperature supercon- | quickly eliminated from the body, 
SANA | Guctor compound formulation using | therefore, absorption of subtoxic quan- 

thallium.’ The new high-temperature | tities eventually may accumulate to a 
In the short-term, the United States | superconductors, principally made of | toxic level. 

is not expected to resume recovery of | ceramic materials such as oxides of 
refined thallium. The toxicity of thal- | thallium, barium, calcium, and copper, ' Engler, M. E., V. ¥. Lee, A. I. Nazzal, and §. S. P. 
lium is the factor that was expected to | become superconductors when chilled | pain. T1-ca/Ba-Cu-O Compositions Electrically Su- 
continue to influence domestic depen- | to above liquid-nitrogen temperature of | perconducting Above 120 Degree K and Processes for | _ 
dence on foreign sources for its supply. | 77 K (-196° C). Liquid-nitrogen is eas- | Their Preparation. U.S. Patent 4,870,052, Sept. 26, 

| ier to handle, cheaper to produce, and | !%8%- 
a much more efficient coolant than 

BACKGROUND liquid-helium. OTHER SOURCES OF INFORMATION 
— A survey study by the Argonne Na- 

tional Laboratory in Gaithersburg, MD, 
Technology was made to determine whether future | Bureau of Mines Publications 

In February 1988, University of Ar- | commercialization of superconductors Thallium. Ch. in Mineral Commodity 
kansas scientists were the first to report | could be impaired by price or availability Summaries, annual. 
the use of thallium in bulk supercon- | of the constituent elements. This survey Thallium. Ch. in Mineral Facts and 
ductor formulations. Superconductors | of the supply and demand factors affect- Problems, 1985 ed. 
are materials that have no resistance to | ing certain high-temperature supercon- 
electric currents, when they are cooled | ductor materials, such as bismuth, bar- | Other Sources 
to a sufficiently low temperature, called | ium, rare-earths, strontium, thallium, American Metal Market (daily paper). 
the critical temperature. Current low- | and yttrium lead the researchers to con- Metals Week. 
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By James B. Hedrick 

Mr. James B. Hedrick, a geologist and physical scientist with the Federal Government for 12 years, has.been the commodity 
specialist for thorium since 1982. Domestic survey data were prepared by Mr. Kevin Bacon, mineral data assistant. International 
data tables were prepared by Mr. Harold Willis, international data assistant. 

omestic consumption of re- | were derived from either imports or 
1) fined thorium products de- | stockpiled material. COVERNMENT PRO GRAMS 

clined, according to the Bu- Limited demand for thorium, rela- 
reau of Mines, U.S. De- | tive to the rare earths, continued to 

partment of the Interior. Most thorium | create an extensive world oversupply of Public Law 100-180, the U.S. De- 
produced in the world was recovered as a | thorium residues. Excess thorium, not | partment of Defense Authorization Act 
byproduct of refining monazite for the | designated for commercial use, was ei- | for Fiscal Years 1988 and 1989, autho- 
rare earths. Thorium-bearing monazite | ther stored for potential use as a nu- | rized the disposal of 4,536 kilograms 
was recovered primarily as a byproduct | clear fuel or disposed of as a radioac- | (10,000 pounds) of thorium nitrate 

_of mineral sands mined for titanium and | tive waste. Major nonenergy uses were | from the National Defense Stockpile 
zirconium minerals or tin minerals in | in refractory applications and mantles | (NDS) in fiscal year 1989. In fiscal year 
Australia, Brazil, China, India, Malay- | for incandescent lanterns. Thorium | 1990, Public Law 100-456, The Na- 
sia, Republic of South Africa, Taiwan, | continued to be used as a source of | tional Defense Authorization Act of 
Thailand, and the United States. None | nuclear energy at one electric power- | 1989, authorized the disposal of all 
of the domestically produced monazite | plant in Colorado. stocks of thorium nitrate in excess of the 
was refined in the United States. Essen- Thorium’s natural radioactivity rep- | NDS goal of 272,155 kilograms (600,000 
tially all of the thorium compounds and | resented a significant problem to those | pounds). Thorium nitrate in excess to 
alloys used by the domestic industry | companies involved in its mining, proc- | goal at yearend 1989 totaled 2,973,752 

essing, and disposal. kilograms (6,556,000 pounds). 

7 PRODUCTION 

TABLE | Associated Minerals (USA) Ltd., a 
SALIENT U.S. REFINED THORIUM STATISTICS wholly owned subsidiary of the 

(Metric tons of ThO,, unless otherwise specified) Australian-based . firm of Renison 
Goldfields Consolidated Ltd. of Aus- 

————————— SS? OorT?aLT_—— ws Or. | tralia, was the principal producer of 

So a9as* 986 198719881989. | shorium-containing monazite in the 
— | Exports United States. Monazite was produced 

_Metal, wasteand scrap 4A 17-01 20-4 2.74 NA | by Associated Minerals as a byproduct 
Compounds * NA NA NA NA__8.25 | of processing mineral sands mined for 

Imports: 7 titanium and zirconium minerals at 
Compounds, gas mantles, metals 69.34 19.71 30.69 13.23 33.34 | Green Cove Springs, FL. Imperial Min- 

Shipments from Government stockpile ing Co., primarily an industrial sand 
EXCesses 2.17 — — 3.06 — | and gold producer, recovered byprod- 

Consumption, reported nonenergy uct monazite as a constituent of a 
applications * 74.36 72.38 39.41 63.63 57.20 | mixed heavy-mineral concentrate at 

Prices, yearend, dollars per kilogram, Marion, NC. 

Tho 
Nitrate, mantle-grade $10.10 $13.60 $10.10 $13.80 NA 

Oxide, 99% grade $35.85 $40.00 $41.00 $45.00 NA | CONSUMPTION AND USES 

NA Not available. 
: Some data reflects only refined products, excludes monazite concentrates. 
Because one panable to those in iow begun in January 1989, import and export categories for 1989 are not Domestic thorium p roducers report ed 

sata not available prior to January 1960. imported metals. alla. and sc: monasi ming thorium has bee ‘consumption of an estimated 57.2 tons 
‘All domestically consumed thorium was derived from imported metals, alloys, and compounds; monarte-conaining thorium hasbeen | OF thorium oxide equivalent in 1989, a 
5 Source: Rhéne-Poulenc, Inc. decrease of 6.4 tons from the 1988 
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TABLE 2 sium. Magnesium-thorium alloys used 

U.S. COMPANIES WITH THORIUM PROCESSING AND by the aerospace industry are light- 
FABRICATING CAPACITY weight and have high-strength and ex- 

cellent creep resistance at elevated tem- 

Company Plant location Operations and products aman a nispocion hes net a 

Atomergic Chemetals Corp. Plainview, NY Produces oxide, fluoride, metal. alloys for high-strength, high-tempera- 

Bettis Atomic Power Laboratory West Mifflin, PA Nuclear fuels, Government ture applications. 

research and development. Thorium’s only d ti - : y domestic energy ap 
CeracInc. Milwaukee, WI____—Produces ceramics. —_——_—_—'|_ lication was as a nuclear fuel in the 
Ceradyne Inc. Santa Ana, CA Produces advanced technical thorium-232/uranium-233 fuel cycle at 

CREAT, ne )<commercial reactor at Fort St. 
Chicago Magnesium Casting Corp. Blue Island, IL__—_—__— Magnesium-thorium alloys. _——s | Vrain, CO. 
Coleman Co.Inc.  —sSWWichita, KS_ Produces thoriated mantles. 
Controlled Castings Corp. Plainview, NY Magnesium-thorium alloys. 

GA Technologies Inc. San Diego, CA Nuclear fuels. | 

W.R. Grace & Co., Davison Chattanooga, TN Produces thorium compounds STOCKS 
Chemical Div. from monazite. a 

GTE Sylvania Towanda, PA Produces thoriated welding rods. 

Hitchcock Industries Inc. South Bloomington, MN Magnesium-thorium alloys. Government stocks of thorium ni- 

Phillips Elmet Lewiston, ME Produces thoriated welding rods. trate in the NDS were 3,223,993 kilo- 

Rhéne-Poulenc Inc. Freeport, TX Produces thorium nitrate from an | grams (1,541,810 kilograms of equiva- 
intermediate compound of lent thorium oxide) on December 31, 

monazite. 1989. The NDS goal at yearend was 
Spectrulite Consortium Inc. Madison, IL Magnesium-thorium alloys. 272,155 kilograms of thorium nitrate 

Teledyne Cast Products Pomona, CA Magnesium-thorium alloys. (130,153 kilograms of equivalent 

Teledyne Wah Chang Huntsville, AL Produces thoriated welding rods. thorium oxide). All stocks in excess of 

Union Carbide Corp., Nuclear Oak Ridge, TN Nuclear fuels; tests quantities. goal were authorized for disposal. 
Div. The U.S. Department of Energy’s 

Wellman Dynamics Corp. Creston, IA Magnesium-thorium alloys. inventory at yearend was 1,244,027 

Westinghouse Materials Co. Cincinnati, OH Produces compounds and kilograms of thorium oxide equivalent 
of Ohio! metals; manages DOE thorium contained in ore, metal, and various 

stocks. compounds. 
1 Manager of Department of Energy stocks. 

PRICES 

level. Nonenergy uses accounted for | welding electrodes. Thoriated tungsten 
most of the total consumption. The de- | electrodes were used to join stainless The price range of Australian mona- 
crease was the result of lower demand in | steels, nickel alloys, and other alloys | zite (minimum 55% rare-earth oxide in- 
refractory and ceramic applications. The | that require a continuous and stable arc | cluding thoria, f.o.b.), as quoted in Aus- 
approximate distribution of thorium by | to achieve quality welds. tralian dollars (A$)', increased from 
end use, based on data supplied by pro- The nitrate form was also used to | A$700-A$780 per ton at yearend 1988, 
ducer, processors, and several consum- | produce thoriated tungsten elements | to A$780-A$880 per ton at yearend 
ers, was as follows: refractory applica- | used in the negative pole of magnetron | 1989. Changes in the United States- 
tions, 75%; lamp mantles, 15%; | tubes. Thorium was used because of its | Australia foreign exchange rate in 1989, 
aerospace alloys, special use light bulb | ability to emit electrons at relatively | resulting from the weakness of the Aus- 
elements, welding electrodes, and other | low temperatures when heated in a | tralian economy, caused the correspond- 
applications, 10%. vacuum. Magnetron tubes were used to | ing U.S. dollar to be up $0.06 against 

Thorium oxide (thoria) has the high- | emit electrons at microwave frequencies | the Australian dollar at yearend. The 
est melting point of all metal oxides, | to heat food in microwave ovens and in | US. price range, converted from Austra- 
3,300° C, a property that contributed | radar communication. lian dollars, increased from US$598- 
to its use in several refractory applica- Thorium was used in other types of | US$6667 per ton in 1988 to US$616- 

tions. Applications included high- | electron-emitting tubes, elements in | US$695° per ton in 1989. 
strength, high-temperature ceramics, | special use light bulbs, high-refractivity Thorium prices quoted by Magnesium 
investment molds, and crucibles. glass, radiation detectors, computer | Elektron, Flemington, NJ, at yearend 

Thorium nitrate was used in the | memory components, catalysts, photo- | 1989 were $87.29 per pound for thorium 

manufacture of mantles for incandes- | conductive films, target materials for | hardener (80% Mg-20% Th) in single 
cent “camping” lanterns and in natural | X-ray tubes, and fuel-cell elements. drum quantities and $16.26 per pound 
gas and oil lamps. Thorium nitrate was Most thorium used in metallurgical | for thorium-containing HZ-32 magne- 
also used to produce thoriated tungsten | applications was alloyed with magne- | sium alloy ingot. 

1064 THORIUM MINERALS YEARBOOK—1989



re III SSSA A a 

WORLD REVIEW 36,806 tons. Estimated thorium con- | Co. (POR), continued production of 

__S|sttentt of these reserves was 2,400 tons of | heavy minerals, including monazite, on 

; thorium oxide equivalent. Monazite re- | the west coast of Taiwan from Tai- 

Australia serves were located in the States of | chung to Tainan. Reserves of monazite 
Rh6éne-Poulenc SA of France contin- | Bahia, Espirito Santo, Minas Gerais, | in Yuanlin and Chiai Counties were | . 

ued its quest to gain approval for a | and Rio de Janeiro.° reported at 50,000 tons. Ore from the 
rare-earth separation plant at Pinjarra, area is shipped to Hsinchu for process- 
Western Australia. Environmental con- | Madagascar ing and separation of the rare earths 
cerns related to the disposal of natu- QIT-Fer et Titane Inc. (QIT) an- | from monazite. Monazite capacity of 
rally radioactive thorium halted the | nounced it would delay development of | the Hsinchu plant is 1,000 tons per 
project in 1988. Rhdne-Poulenc pro- | its joint-venture heavy-mineral sands | year. | 

posed a new plan to dispose of the | project at least until 1995. Planned 
thorium nitrate by injecting it into deep | monazite capacity of the project was 
wells drilled into a confined saline | 6,000 tons per year. ! Metal Bulletin (London). Non-ferrous Ores in Eu- 
aquifer. rope. No. 7445, Dec. 29, 1989, p. 28. 

South Africa, Republic of 2Values have been converted from Australian dollars 

Brazil | General Mining Corp. Ltd. contin- | (A$) to U.S. dollars (US$) at the exchange rate of 

Production of thorium-containing | ued to produce byproduct monazite | 451:17!0=USS1.00 based on yearend 1988 foreign 
ite concentrates in 1987 was 4,332 | from its Naboomspruit fluorspar oper- exchange rates reported tn the Wall St. 3: monazt ~) : : Pp Pp . Pp : 3 Values have been converted from Australian dollars 

tons: 177 tons from the State of Espirito | ations in the Transvaal. Monazite 1S | (A$) to US. dollars (US$) at the exchange rate of 
Santo, a decrease from the 197 tons | reportedly removed during processing | A$1.2660=US$1.00 based on yearend 1989 foreign 

produced in 1986; 3,271 tons from the | by wet high-intensity magnetic separa- exchange rates reported in the Wall St. J. 
State of Rio de Janerio, a decrease from | tors to lower the undesirable phosphate | | enn Ne 367 Dee on. Rhone Poulenc RE 
the 1986 production of 3,421 tons; and | levels in the final fluorspar product.° | "yr a “Pe 

. . uario Mineral Brasileiro 1988. Monazita. Pp. 
884 tons from the State of Bahia, which . 264-265. 
produced no monazite in 1986. Taiwan ® Griffiths, J. South Africa’s Minerals: Diversity in 

Measured reserves of monazite were Pacific Ocean Rare Earth Industry | Adversity. Ind. Min. (London), No. 263, Aug. 1989, p. 30. 

TABLE 3 

U.S. FOREIGN TRADE IN THORIUM AND THORIUM-BEARING MATERIALS * 

(Quantity in kilograms unless otherwise specified) 

| 1987 1988 1989 Principal destinations and 
Quantity Value Quantity Value Quantity Value sources, 1989 

EXPORTS 

Thorium ore, monazite, 

concentrate 582,995 $427,838 “490,314 $310,384 “50,000 $29,780 France 50,000. 

Metals” 17,961 402,370 2,406 54,271 NA NA 

Compounds? NA NA NA NA 8,247 221,323 ‘Israel 7,652; Japan 228; Tunisia 
227; Canada 60; Taiwan 23; 

Australia 22; Other 35. 

IMPORTS 

Thorium ore, monazite, 
concentrate metric tons 1,121 627,312 1,924 1,154,498 7174 530,294 Indonesia 594; Australia 180. 

ThO, content 89,680 XX 127,220 XX 48,240 XX 

Compounds 46,322 1,046,526 20,001 380,255 33,344 943,692 France 32,274; Netherlands 677; 
United Kingdom 371; Other 22. 

Oxide equivalent, in gas 
mantles * 4 1,824 606,344 862 284,673 NA NA 

Other 656 250,355 663 213,677 NA NA 

Metals and alloys 22,019 NA 15,167 NA NA NA 

Unwrought, waste and scrap 1,149 37,999 77 2,550 NA NA 

“Estimated. NA Not available. XX Not applicable. 

1 Because of the implementation of the Harmonized Tariff System begun in January 1989, import and export categories for 1989 are not necessarily comparable to those in previous years or may no longer 

be available. 

2 Unwrought, wrought, waste and scrap. 

3 Data unavailable prior to January 1989. 
“Based on the manufacture of 2,205 gas mantles per kilogram of thorium oxide. 

Sources: Bureau of the Census and a producer. 
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TABLE 4 

MONAZITE CONCENTRATE: WORLD PRODUCTION, BY COUNTRY‘ 

(Metric tons) 

| Country? 1985 1986 1987 1988 1989° 
Australia _ 18,735 14,822 12,813 11,872 13,500 

Brazil 1,895 1,947 1,560 * “1,600 1,600 

India‘ 4,000 4,000 4,000 4,000 4,000 

Malaysia 5,808 5,959 2,908 2,920 3,100 

Mozambique‘ 4 r3 (?) ?) — 

South Africa, Republic of* 1,000 1,000 1,200 1,200 1,250 

Sri Lanka‘ 200 200 200 200 200 | 

Thailand 663 1,609 458 590 600 

United States WwW Ww WwW Ww Ww 

Zaire — 7 97 168 200 

Total 32,305 29,547 23,236 22,550 24,450 
“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from ”Total.” 

' Table includes data available through Apr. 20, 1990. 
2In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, Nigeria, and the U.S.S.R. may produce 

monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for formulation of reliable 

estimates of output levels. 

3 Revised to zero. 
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By James F. Carlin, Jr. 

Mr. Carlin is a physical scientist with the Branch of Nonferrous Metals. He has covered tin for 10 years. Domestic survey 

data were prepared by Regina R. Coleman, Nonferrous Data Section. International data tables were prepared by Harold 

Willis and Giovanni Jacarepaqua, International Data Section. 

or the ninth consecutive year, | continued throughout 1989. Legal ac- | out-of-court settlement was imminent. 

there was a world excess of tin, | tions continued against the London | The tin contract was reintroduced to 

largely due to increased pro- | Metal Exchange (LME) and the ITC. | trading on the LME after being sus- 

duction from several major | The actions were brought by the tin | pended for 3 years. 

producers. The excess narrowed some- | dealers and banks who had alleged The price of tin rose considerably dur- 

what, but was believed to be about | monetary losses due to activities of the | ing the first 4 months of 1989, but then 

30,000 metric tons at yearend. Reper- | LME and ITC in late 1985. The various | declined to levels around those of Janu- 

cussions from the exhaustion of the | parties involved in the legal conflicts | ary for the balance of the year as in- 

International Tin Council (ITC) fund | showed a willingness to compromise, | creased mine production from some 

to support the tin price in late 1985 | and toward yearend it appeared that an | leading producers aggravated an oversup- 

ply situation. World tin mine and smelter 
output rose slightly as the higher prices at 

TABLE 1 the start of the year encouraged produc- 

SALIENT TIN STATISTICS tion. In the United States, there was 

(Metric tons unless otherwise specified) increased interest de “inning used tin 
cans because of dwindling dumpsites and 

S| snew detinning technology. A major de- 

1985 1986 1987 1988 1989 | tinning facility was started in 1989, while 
United States: another one neared completion; both 

Production: were intended to process mostly used tin 

Mine WwW WwW WwW W w | cans. A meeting was held in Geneva, 

Smelter ©3000 3,213. 13,905 11467 1,000 | Switzerland, March 29 through April 7, 

Secondary 14,109. 14,850. "16,159 °"15,249 15,213 | attended by the world’s major tin pro- 
Exports? ? | — *2.478~—~S~*«*W:; SAT 1318 1,209 904 ducers and users. At this meeting, the 

“Imports forconsumption? ~=S=“C~*=“‘“‘=s*s‘“‘SOS”*~<“<s=Ct‘t‘i‘it terms of reference were adopted for a 

Sn d International Tin Study Group 

Ore (tin content) 1,616 3,936 2,953 2,837 216 

Consumption: 

Primary 36,524 33,327 35,620 *37,529 36,518 LEGISLATION AND 

Secondary 12,145 10,197 8,599 ™8,072 9,853 GOVERNMENT PROGRAMS 

Stocks, yearend, U.S. industry 12,359 13,857 "14,464 "15,023 14,662 | —— 

Prices, average cents per pound: 

New York market 525.90 294.12 309.01 =‘ °330.91 397.28 The National Defense Stockpile 

Metals Week composite 4595.95. 4383.22. 418.78 441.42 ~~—-<520.18 | (NDS) was managed by the Secretary of 
—Tondon. 4556.26. ..+:+NA NA NA NA Defense for the first full year, with 

Kuala Lumpur® 2540.70 *272.26-303.45.”-«<319.86 «387.12 | ay-to-day operations guided by the 
Wold: Productions CC Defense Logistics Agency. 

oo The Department of Defense sold 2,775 

— Mine 280,725 172,471 178,131 200,150 216,457 tons of tin in 1989, all of which repre- 

_ Smelter: sented payment for the Department of 
Primary "192,990 "184,239 189,276 P215,133 ©222,418 Defense’s Ferroalloy Upgrading Program, 

Secondary 17,545 15,591 16,238 P 19,491 19,409 | which started on April 11, 1984. At 

€Estimated. Preliminary. ‘Revised. NA Not available; the tin contract was suspended from London Metal Exchange trading on yearend ; the NDS inventory was 171,233 

I Revorted figure. Withheld to avoid disclosing company proprietary data; U.S. mine production for 1985-89 was negligible. tons; the stockpile goal was 42, 67 4 tons. 

| 2 Exports (excluding reexports). Federal laws provided a depletion 

3 Because of the implementation of the Harmonized Tariff System beginning in Jan. 1989, export/import categories for 1985-88 arenot | ajlowance of 22% for domestic opera- 

necessarily comparable with those in 1989. . . 

4 Prices quoted for 10 months only. tions and 14% for U.S. companies pro- 
5 Beginning in 1985, Kuala Lumpur replaced Penang as the reference market. ducing in other countries. 
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PRODUCTION cra’ startups and plant constructions. | CQNSUMPTION AND USES —_____________________ } Late in the year, Proler International | ~~~ — 
Corp. started up the world’s largest 

, One mine operating in Alaska prod- | detinning facility in Houston, TX. The Primary tin consumption decreased 
uced tin concentrates. Total output | new plant was capable of recycling | slightly from that of 1988. The decline 
amounted to only a small fraction of | 163,000 tons of tin-plated cans and | tended to affect several usage categories 
domestic tin requirements. clippings per year, the equivalent of 2.5 | modestly and was most pronounced in 

The only domestic tin smelter, Tex- | billion tin cans per year. The operation | brass and bronze, solder, and chemi- 
Tin Corp., in Texas City, TX, recovered | involved the shredding of feedstock fol- | cals. The declines were attributable to 
tin primarily from imported and do- | lowed by continuous detinning in a | increased usage of secondary tin by the 
mestic concentrates, secondary tin- | series of rotating cylinders. The sepa- | brass and bronze and solder makers 
bearing materials, and its own stock- | rated product was sold to various tin | because of a sharp tin price increase in 
pile of tin residues and slags. The | refiners for refining. Plans called for | the first half of the year. Tinplate re- 
smelter’s main source of tin concen- | the detinned bales of high-quality | placed solder as the largest application 
trate was Peru. The facility also pro- | scrap-steel to be processed by Buffalo | for primary tin, followed by chemicals. 
duced a line of solder. At midyear, the | Steel Co., a proposed $260 million min- | Although the number of tinplate cans 
smelter ceased tin production for the | imill joint venture of Proler and two | increased absolutely in 1989, tinplate 
balance of the year and converted its | other companies. Buffalo Steel planned | continued to lose market share to alu- 
equipment to processing copper scrap, | to locate the new steel mill near Houston, | minum in the metal can category. Tin- 
from which it produced copper blister. | TX, and intended to purchase the former | plated steel and tin-free steel accounted 

The United States was believed to be | USX Corp. facilities at Baytown, TX, | for 29% of the 120 billion cans shipped 
the world’s largest producer of second- | for its operation, provided all permits | domestically and aluminum accounted 
ary tin. Tin metal recovered from new | could be obtained. for 71%; in 1988, when steel accounted 
tinplate scrap and from used tin cans AMG Resources Corp. was complet- | for 30% and aluminum for 70%, 114 
was the only type of secondary tin | ing construction of a plant at St. Paul, | billion cans were shipped. Aluminum 
available as free tin; other secondary | MN, to recycle cans. This facility | held an overwhelming segment of the 
tin was available in scrap materials as | would have an electrolytic detinning | beverage can market, while steel pre- 
an alloying ingredient. Secondary tin | system to process up to 40,000 tons of | dominated in the food can and the 
from recycled fabricated parts was used | tin cans annually. The extracted tin was | general line markets. | 
in many categories of consumption and | to be utilized in the chemical industry, 
was a major source of material for the | and thescrap steel wasto beshippedto |_-——ssssssesse 
solder and the brass and bronze indus- | steel mills and foundries. AMG also | PRICES 
tries. The Steel Can Recycling Associ- | was completing a detinning plant near | ——-——H_____LLL 
ation in Pittsburgh, PA, funded and | Princeton, NJ, that was designed to 
operated by five domestic tinplate pro- | process mostly used tin cans. The price of tin metal, as published 
ducers, sought to advance the collec- In future years, these developments | in Metals Week, rose steadily during 
tion, preparation, and transportation | should provide increased tonnages of | the first 4 months of the year. It peaked 
of can scrap. Also, they began a pro- | secondary tin-and should augment the | in April, then steadily declined the 
gram of installing representatives in | supply of domestic scrap steel, which | balance of the year, finishing the year 
several regions of the United States to | has recently been in short supply. at a lower price than in January. 
work with municipalities, scrap deal- 
ers, and detinners to promote the recy- 
cling of tin cans. 

Until 1989, generally all domestic 
detinning operations treated only new 

factory-generated tinplate scrap. This TABLE 2 
usually came from steel plant tin mills SECONDARY TIN RECOVERED FROM SCRAP PROCESSED AT 
or can plants. Little or no old scrap, DETINNING AND OTHER PLANTS IN THE UNITED STATES 
such as that from used tin cans, was 
detinned. This was mostly due to tech- gg 
nical difficulty in processing the cans. | = 
In recent tion Tinplate scrap treated metric tons W W 

years, new scrap preparation | ——2—-———________~~ ne = 
procedures were developed, especially a | Umrecovered inthe form ofs 
new shredding method, that permitted | _Met@l 378 369 
detinning of used tin cans. These devel- | __Compounds (tin content) _ do. __W __ Ww 
opments, combined with increased in- Total do. 578 569 
centives for municipal recycling of | Weight of tin compounds produced do. W WwW 
trash due to a lack of landfill space, set | Average quantity of tin recovered per metric ton 
the stage in 1989 for large-scale detin- of tinplate scrap used kilograms 2.07 1.98 

ning of used tin cans. The domestic | Average delivered cost of tinplate scrap per metric ton $57.13 $60.41 
detinning industr y responded with sev- W Withheld to avoid disclosing company proprietary data. 
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TABLE 3 

TIN RECOVERED FROM SCRAP PROCESSED IN THE UNITED After being suspended from LME 
STATES, BY FORM OF RECOVERY trading since early 1986 because of prob- 

(Metric tons unless otherwise specified) lems related to the late 1985 tin market 
“collapse,” tin was reintroduced to daily 

Form of recovery 1988" 1989 LME trading on June 1. The new LME 

Tin metal! 578 569 | contract was quoted in U.S. dollars and 

Bronze and brass‘ 2 | 9,939 10,305 | was for high-grade tin. Also, a new fu- 
Leadandtinalloy: #2 —=—= ———— | tures contract for tin metal was available 
~ Antimonialleadtst<sSstsCS 902 952 | for up to 15 months. | 
Babbitt iD 116 The Kuala Lumpur Commodities 
Soldee 3.619 3.295 Exchange (Malaysia) continued as an 
a ° ° active tin trading medium. 

Type metal 70 46 

Other alloys? 29 WwW 

Total 4,732 4,339 FOREIGN TRADE 

Tin content of chemical products W Wo) 

Grand total ~€15,249 ~©45,213 

Value (thousands) ° 4 $148,398 $174,463 In 1989, the United States imple- 
Estimated. r Revised. W Withheld to avoid disclosing company proprietary data. mented the Har monized Tar iff System 

? Includes tin recovered from copper lead, and tin-base serap. (HTS), which resulted In changes In 
- | 3Inctudes foil, terne metal, and cable lead. classifications for some _ materials. 

“Based on Metals Week composite price. 

TABLE 4 

U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF NEW AND OLD SCRAP 
AND TIN RECOVERED, BY TYPE OF SCRAP 

(Metric tons) 

Gross weight of scrap Tin recovered® ! 

Type of scrap Stocks, Receipts Consumption Stocks, 

Jan. 1 New Old Total Dec. 31 New Old Total 

1987° 

Copper-base scrap: 10,113 143,005 11,385 132,475 143,860 9,258 480 5,149 5,629 

Brass mills? 2,464 32,720 WwW WwW 30,708 4,476 467 — 467 

Foundries and other plants 5,451 26,303 7,525 19,177 26,702 5,052 __ 356 __ 830 _1,186 

Total tin from copper-base scrap XX XX XX XX XX XX 1,303 5,979 7,282 
Lead-base scrap 29,584 893,252 68,586 818,429 887,015 - 35,821 1,800 5,406 7,206 

Tin-base scrap? 21 347 WwW WwW W 20 1,501 77 _1,578 

Grand total XX XX XX XX XX XX 4,604 11,462.16, 066 
1988 EEE EEE EEE 

Copper-base scrap | 9,258 155,726 14,709 141,350 156,059 8,925 594 5,492 6,086 

Brass mills” 4,476 W W WwW W 4,769 633 — 633 
Foundries and other plants 5,052 19,579 W W 19,852 4,779 _ Ww __ 604 __ 604 

Total tin from copper-base scrap XX XX XX XX XX XX 1,227 6,096 7,323 

Lead-base scrap 35,821 895,088 59,428 843,604 903,032 27,877 1,560 5,134 6,694 

Tin-base scrap? 20 102 WwW 64 WwW 27 1,174 __ 58 _1,232 

Grand total XX XX XX XX XX XX 3,961 —«11,288-——«15,249 
1989 TT 

Copper-base scrap 8,925 145,771 10,844 138,396 149,240 5,456 449 5,324 5,773 

Brass mills? 4,769 41,314 41,314 — 41,314 4,833 584 — 584 

Foundries and other plants 4,779 12,394 WwW W 15,975 1,198 _ WwW __ 294 __294 

Total tin from copper-base scrap XX XX XX XX XX XX ‘1,033 5,618 6,651 
Lead-base scrap 27,877 1,013,055 67,444 946,422 1,013,866 27,066 1,770 5,290 7,060 

Tin-base scrap* 27 119 Ww 110 110 WwW Ww 103 __103 

Grand total4 XX XX XX XX XX XX 4,202 11,011 15,213 
“Estimated. ‘Revised. W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
'Tin recovered from new and old copper-base scrap, brass mills, and foundries. 

2 Brass-mill stocks include home scrap, and purchased-scrap consumption is assumed equal to receipts; therefore, line does not balance. 

3 Includes tinplate and other scrap recovered at detinning plants; Bureau of Mines not at liberty to publish separately. 
‘Data may not add to totals shown because of independent rounding and data concealed in ““W.” 
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TABLE 5 funds and ceased publications. The 

U.S. CONSUMPTION OF PRIMARY AND SECONDARY TIN United States was not a member of the 
agreement. 

(Metric tons) Legal actions continued on behalf of 
tin dealers and banks that had lost 

1985 1986 1987" 1988° 1989 | money, allegedly because of activities of 
Stocks, Jan. 1! | 8,430 9,336 9,876 10,217 9,242 | the LME and the ITC in late 1985, when 
Net receipts during year: —— — —— ~. | the ITC exhausted its credit to support 

Primary == ———s=<CSsts*~CS*St:S«~S8,06—«85TS 38,401 ~=—s39,421 ~—=«37,670 | the price. Throughout the year, meetings 
"Secondary ~—~—~C~CS~*~S~S=OHHCCt:«iBH_CS:~Ci«é«‘i707~—=S«12,472~=«10,90 | WEE held between the various parties 
Srap St 6,346 6,635 6,707 8 168 involved in the lawsuits to reach an out- 

—Totalreceipts SCOC“‘~‘“‘<=CSCSti‘s=CS*t*é‘i«CSz BSC«C 8ST «C«8TA C8888 of-court settlement. Toward yearend, 
eee sO SOC =] — SO = _|| considerable progress was reported to- 

___Total available 62,811 62,793 66,619 68,817 65.98! | ward such an agreement on a basis that 
Tin consumed in manufactured would award the injured parties a finan- 
—Prodetse cial settlement that was only a fraction of 
_Primary 36,524 33,327 35,620 37,529 36,518 the value originally sought. 

_Secondary 12145 10,197 8,599 8,072 9,853 | = The Association of Tin Producing |. 
Total 48,669 43,524 44,219 45,601 ~~ 46,371 | Countries (ATPC), headquartered in 

Intercompany transactions in scrap 214 354 512 630 424 | Kuala Lumpur, Malaysia, and composed 

Total processed 48,883 43,878 44,731 46,231 46,795 | of seven major producer nations— 

Stocks, Dec. 31 (total available less total Australia, Bolivia, Indonesia, Malaysia, 
processed) 13,928 18,915 21,888 23,586 19,186 | Nigeria, Thailand, and Zaire—com- 

"Revised. . | | pleted its fifth year. Two major tin pro- 
Includes tin in transit in the United States. | ducing countries, Brazil and China, con- 

| tinued to decline ATPC membership, 
although each one nominally assented to 

TABLE 6 cooperate with most ATPC goals. ATPC 

TIN CONTENT OF TINPLATE PRODUCED IN THE UNITED STATES | maintained its Supply Rationalization 
| Scheme, basically export controls, for 

-—”~*”*CSPnplate waste ~S~™SOTimplate (all forms) member countries during the year. This 
| (waste, strips, a es was aimed at trying to Teduce the long- 

Year cobbles, etc., Gross weight Tin content! metric ton | Standing wor Id excess tin supply. Indus- 
gross weight) (metric tons) (metric tons) of plate | try sources estimated the world tin sur- 
(metric tons) (kilograms) | plus at about 30,000 tons at yearend 

1985 | 146,041 2,215,042 9,321 4.2 1989. , 

1986 120,186 2,068,246 8,660 4.2 During March 29 to April 7, 1989, 
1987 141,842 2,302,173 4+410,357 + 4.5 ~~ +| ‘meetings were held in Geneva, Switzer- 

1988" 149,054 2,375,809 11,582 49 une unas ue auspices tne wnt 
Tau ations Conference on Trade and De- 
IJ JJ rt velopment (UNCTAD) to further ex- 

Includes small tonnage of secondary tin and tin acquired in chemicals. plore the possibility of establishing the 

ITSG. These meetings, at which the 
United States was represented, made 

Some data that were aggregated under | tin metal from NDS releases. Brazil | considerable progress, and terms of 
One category in the Tariff Schedule of | remained the major source for im- | reference for the proposed organization 
the United States (TSUS) classification | ported tin metal, followed by Indone- | were adopted. To bring the ITSG into 
system were separated under the HTS, | sia, Bolivia, and China. being, countries representing at least 
and some data that were separated in Imports of tin in all forms (ore and | 70% of world tin trade must ratify the 
the TSUS system were aggregated in the | concentrate, metal, and waste and | terms of reference. 
HTS. Consequently, trade data that | scrap) remained free of U.S. duty. 
can be identified specifically with one Australia 
commodity may have changed, and | __—ssS—SSsssSSSS—(—(CSS——————————C The Renison Bell Mine in Tasmania, 
data for 1989 were not comparable wit | WORLD REVIEW owned by Renison Consolidated Gold- 

that of 1988 and previous years. HH | fields Ltd., remained the largest tin 
Imports for consumption of tin con- mine, accounting for about 90% of 

centrate declined sharply, reflecting the The Sixth International Tin Agree- | mine output. Renison Bell was the 
reduced activity at the TexTin smelter. | ment, which commenced on July 1, | world’s largest hard-rock underground 
Imports of tin metal declined substan- | 1982, officially ended on July 1, 1989. | tin mine and a relatively low-cost pro- 
tially, indicating that consumers were | In reality, ITC ceased functions a year | ducer with substantial high-grade re- 

drawing down stocks and also utilizing | earlier when it exhausted operating | serves. The entire output of tin concen- 
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TABLE 7 | massive restructuring of the mine and 

U.S. CONSUMPTION OF TIN, BY FINISHED PRODUCT smelter sector. 
Historically, the Huanuni tin mine, 

(Metric tons of contained tin) located in the Department of Oruro, has 
been the richest underground tin mine. 

Product 1988" 1989 The mine was closed in 1986 but re- 

Primary Secondary Total Primary Secondary Total | Opened in mid-1988 following modern- 

Alloys (miscellaneous)! | WwW W WwW WwW W w | ization. The modernization program in- 
Babbitt #8 719 07 926 51] 283 794 | cluded construction of a new 1,000-ton- 
Bartn 557 _ 557 619 _ 619 | Der-day treatment plant, opening up new 

Bronze and brass ——S—S=«&?:SC 89 2,044 3,934 «1,575 2,118 3,693 | crosscuts and drifts, and improvements 
Chemiaals SS W W w W w W to the ventilation and pumping systems. 

oo _ During 1989, capacity of the mine was 
| Collapsible tubes and foil _ Ww Ww Ww Ww Ww W | 3,600 tons of tin-in-concentrates annu- 

Solder «dN, 078 4,210 15,288 10,806 5,564 16,370 | ally, with the output being delivered to 
Tinning 1,406 w 1,406 1,509 Ww 1,509 | Corporacién Minera de Bolivia’s 
Tinplate? 11,582 W 11,582 11,764 WwW 11,764 | (COMIBOL) metallurgical complex at 

Tin powder Ww WwW Ww 711 WwW 711 | Vinto. COMIBOL was reportedly seek- 

Type metal WwW WwW WwW Ww WwW W | ing a joint-venture partner for Huanuni. 

White metal? 1,131 W 1,131 1,074 Ww 1,074 | The Bolivar tin-zinc-silver mine, lo- 
Othr ~~ 9,166 1,611 10,777 7,949 1,888 9,837 | cated in the Department of Oruro, op- 

‘Total ~S~*~=<“—~*é‘s*~*~*~*«*STCSSs«“‘“«‘«#TN~O«CS OL St«8S1B~SC*~*«“iSSS~S~*«=“‘«é‘«é ST | FAA at a loss in 1989. Recently, this 

"Revised. W Withheld to avold disclosing company proprietary data; included with “Other” —~=~S*~C*~<CS*“C*C*‘*«‘C*«*SC« CLO was ‘the ub Jecct OF 2 favorr- 
' Includes terne metal. able feasibility study by Preussag of the 
“Includes secondary pig tin and tin acquired in chemicals. Federal Republic of Germany. Develop- 
Includes pewter, britannia metal, and jewelers’ metal. ment work was procee din g to attem pt 

to increase the reserves. Funding was 

: assisted by a $12 million loan from the 
TABLE 8 Federal Republic of Germany. In addi- 

U.S. INDUSTRY YEAREND TIN STOCKS | tion, installation of a 750-ton-per-day 
(Metric tons) concentrator was planned at a cost of 

$30 million. The new concentrator was 
| expected to be funded by the West 

1985 1986 1987" 1988" 1989 | German Government, the International 
Plant raw materials: Development Bank, and COMIBOL. 

Pig tin: The Caracoles tin mine, located in 

Virgin ' 5,712 5,754 6,466 7,013 6,801 | the Department of LaPaz, reportedly 

Secondary 2,342 3,021 2,333 1,440 2,253 | Operated profitably in 1989, and a rich 
Inprocess2 ~—~—~«*&42z, 342 1,377 1,289 1,056 1,032 | new vein of tin ore was found that 

Total S”~*~<CSstststS 9G 10,152 10,088 “9,509 10,086 averaged 7% Across a 1-meter band. 
Additional pigtin. =~ = = = —— The Catavi-Siglo tin mine, located in 

TT . he Department of Potosi, was leased 
_Sobbers-importers 1,642 1,272 1,890 3,387 3,536 by COMIBOL to four cooperatives em- 
_ Afloat to United States _1,321 _2,433 _2,486 _2,127 _1,040 | ploying 4,500 miners. The cooperatives 
__ Total 2,983 3,705 4,376 5,514 4,576 | produced about 3,600 tons. COMI- 

Grand total 12,359 13,857 14,464 15,023 14,662 | BOL was reportedly reevaluating the 

Includes tin in transit in the United States tin tailings at Catavi and seeking a 
2Data represent scrap only, tin content. joint-venture partner to assess the pos- 

sibility of producing tin concentrates 

| from them; these tailing dumps report- 
trate from Renison was believed to have | tin and tantalum near Perth. This op- | edly contain about 35 million tons 
been toll-smelted in Malaysia. Renison | eration usually produces about 200 to | grading about 0.3% tin. A Spanish 
continued direct sales of refined tin to | 300 tons of tin concentrate annually, | firm, ERAL, was also preparing a pilot 
large U.S. user firms from an affiliate | which the firm planned to boost over | project for testing various treatment 

office in Green Cove Springs, FL. the next few years as part of its goal of | processes. 
Renison was considering construc- | increasing tantalum output. _ The Government-owned Vinto tin 

tion of a new tin smelter. Australia’s smelter, since reopening in 1987, con- 
only tin smelter, in Sydney, closed in | Bolivia tinued to be profitable. With a capacity 
the late 1980’s when tin prices declined The tin industry continued to recover | to treat 20,000 tons of tin ore annually, 
sharply. from the low production levels of 1986 | Vinto officials were reportedly attempt- 

Greenbushes Ltd. continued to mine | and 1987, when low tin prices caused a | ing to attract foreign tin ore. 
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TABLE 9 During 1989, there was reportedly an 

MONTHLY COMPOSITE PRICE OF STRAITS TIN active market in smuggling tin concen- 
FOR DELIVERY IN NEW YORK trates from Brazil into Bolivia; the con- 

(Cents per pound) centrates apparently were included in 

| Bolivian production data. 

1988 1989 ° 

Monthly “High Low Average, == “High Siow Average | a a ee Brazil was the world’s leading tin 
January 430.88 422.00 426.59 471.75 458.59 . producer for the second consecutive 

February 424.00 417.48 419.50 522.38 470.72 491.66 year. Tin mine and smelter production 

March 425.78 422.22 424.07 567.27 511.28 543.09 was mostly privately owned. Tin was 

April 424.62 421.02 422.95 647.85 583.57 642.13 mined from both alluvial and lode de- 

May 432.63 421.42 425.00 643.34 590.16 621.18 | posits. Brazilian mines were generally 

June 442.50 — 434.07 439.84 624.31 593.67 607.96 | considered the lowest cost to operate in 

July 452.53 438.42 446.11 585.18 552.47 569.10 | the world. Brazil was not a member of 
August 465.54 452.43 457.70 561.55 427.97 517.89 | the ATPC, but generally agreed to co- 

September 471.85 455.38 463.05 512.87 482.35 493.57 enemies spirit or its guidelines 
| October 461.54 448.89 454.32 501.62 448.91 477.14 The. Paran apanema Group was the 

. . . . . 418. : . . November 460.34 454.05 457.67 437.78 402.63 8.80 | Jargest private tin producer in the world. 
December 465.51 458.28 460.24 428.82 339.68 413.34 The company owned and operated five 

_Average XX XK ANA XK XX 520.18 | tin mines. The mines were Capipore, in 
XX Not applicable. . 

Source: Metals Week. 

TABLE 10 

| U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS TIN, TIN MANUFACTURERS, 

: TINPLATE AND TERNEPLATE, AND TINPLATE SCRAP! 

Miscellaneous tin and Tinplate and Tin Tinplate | 

tin manufactures terneplate compounds scrap 

| Tinfoil, 

tin powder, 

flitters, Dross, skimmings, 

Year metallics, . scrap, residues, Quantity Quantity Quantity 

tin and tin alloys, n.s.p.f. (metric Value (metric neo d (metric nee d 
manufactures, tons) (thousands) tons) (thousands) tons) (thousands) 

n.s.p.f. 

Value Quantity Value 

(thousands) (metric tons) (thousands) 

1987 $1,854 2,270 $9,241 329,783 $193,110 838 $5,162 2,543 $380 

1988 1,013 1,542 6,054 299,287 185,319 838 5,439 19,513 1,930 

1989 4,570 10,270 34,695 321,883 216,516 314 2,720 10,785 1,903 

' Because of the implementation of the Harmonized Tariff System beginning in Jan. 1989, categories for 1987 and 1988 are not necessarily comparable with those in 1989. 

Source: Bureau of the Census. 

TABLE 11 

U.S. EXPORTS OF TIN, TINPLATE, AND TERNEPLATE IN VARIOUS FORMS; 

EXPORTS OF INGOTS, PIGS, BARS; EXPORTS OF TINPLATE SCRAP! 

. > . 3 Tin scrap and other tin bearing 
y Tinplate and terneplate Ingots, pigs, and bars material except tinplate scrap* 

ear ——_— ————— exes ss:s en eee ee 
Quantity Value Quantity Value Quantity Value 

(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1987 209,526 $106,156 1,318 $9,456 28,989 $13,549 

1988 297,629 295,002 1,209 9,838 43,297 *21,848 

1989 178,884 101,279 904 8,915 100,703 54,135 

" Revised. 

' Because of the implementation of the Harmonized Tariff System beginning in Jan. 1989, export categories for 1987 and 1988 are not necessarily comparable with those in 1989. 

*Tinplate circles, strips, and cobbles are included with exports of tinplate and terneplate in 1987 and 1988. 

3 Ingots and pigs only in 1989; not to include bars. 

4 Including bars, rods, profiles, wire, powders, flakes, tubes, and pipes in 1989. 

Source: Bureau of the Census. 

1072 TIN MINERALS YEARBOOK— 1989



ee SC OI A I A I IA a 

TABLE 12 TABLE 12—Continued a soft weathered tin ore, separate from 

U.S. IMPORTS FOR U.S. IMPORTS FOR the alluviumat, at the Pitinga deposit. 

CONSUMPTION OF TIN, CONSUMPTION OF TIN, Officials also were studying the feasi- 
BY COUNTRY! BY COUNTRY! bility of constructing a tin smelter at 

| Pitinga. 

———__—_——e row Tle mr Tin mining activity by “garimpeiros” 
Quantity Value Quantity Value . . . . 

Country (metric (thou- ~ Country (metric (thou- or independent miners increased. Esti- 

tons) sands) tons) sands) | mated to number 10,000 individuals, 

1988 Metal (unwrought)— “sarimpeiros” worked an area about 6 

Concentrates (tin Continued by 12 kilometers in the State of Ron- 

content): Bolivia 4,795 $40,019 | dOnia, with no specific limits to each 

Bolivia 923 $2,313 | Brazil 10,572 36,827 | Person’s mining area and with only 
China _ _|”GanadaS—~—S 123 1.060 | limited local government control. 

Trew tg 5600 | “cle et | | ne a ting 
T | oa 

—_ 2837 _ 1913 Chima 4,793 42,485 smuggled out of the country and indi- 

tiny: (unwrought _Colombia 81 763 | cated that the problem was centered ir 

ee . Germany, Federal the Western Amazon State of Ron- 
Australi i : ns . ; 
Se 1,342 9,460 | __Republic of _ | 6 d6nia, where tin ore was being trucked 

Austra - ~ _Hong Kong 467 3,810 | tg the Madeira and Marmore Rivers, 

_ Bolivia 3,926 27,643 | India 100 736 | then barged across these rivers to neigh- 

Brazil «16,213 114,411 | Indonesia 5162 45,537 | boring Bolivia. Thus, some Brazilian 

Canada 101 758 Italy 120 ~ 1,133 | tin mine production eventually sur- 
Chile 238 1,771 Japan 360 2,681 | faced as Bolivian production. 

China 6,223 34,838 Malaysia 2,392 20,193 | - | 

Colombia — — Mexico 1,860 16,727 Canada 

Germany, Federal Netherlands 0 18] The East Kemptville Tin Corp. Ltd., 

Republic of 1 7 Sing apore 456 3.726 owned by Rio Algom Ltd., continued 

Hong Kong 98 154 | ~onn an tin mining operations at its open pit at 
ee ees South Africa, . . 

India 100 706 Republic of 10 gs | East Kemptville, Nova Scotia. The 

Indonesia | 5,334 38,147 Switzerland 60 447 rad. contained i aera of meh 

Italy _ —| _ Thailand 180 1,803 | Sfade tin ore and '> million tons © 
TO oo low-grade tin ore. The tin ore at the site | — 

Japan 70 480 United Arab . : . . 

oO Emirat 29 132 | is complex and concentration by gravity 
Malaysia 5,317 36,786 | __=mrales ; 

Sn United Kingdom 391 3.559 and magnetic methods was reportedly 

_Mexico 583 4,125 | difficult. In recent years, Rio worked to 
Netherlands — — | _Venezuda 39 195 | the ti te by 1 eer — hose 2588118 improve the tin recovery rate by improv- 

_Nigeria 41 286 ot ing the grinding, dewatering, and grav- 
Because of the implementation of the Harmonized Tariff System * * : . 

Poland 98 684 beginning in Jan. 1989, import categories for 1988 are not ity equ Ip ment, and by installing a new 

Singapore 1,342 9,954 necessarily comparable with those in 1989. flotation circuit. In 1989, Rio sought to 

South Africa, *Data may not add to totals shown because of independent improve recovery of copper and zinc 

Republic of — — | founding. | and planned to install column flotation 

Switzerland 379 3,015 | Source: Bureau of the Census. cells. 
Thailand 670 8.466 Cominco Ltd. produced a small 

Turkey 20 129 | the State of Amapa; Massangana (also | quantity of tin-lead alloy at its Trail, 

United Arab known as C-75, Ariquemes, and Ser- | British Columbia, smelter as a byprod- 

Emirates 40 266 | rinha), in the State of Rond6nia; Sao | uct of the production of indium. 

United Kingdom 1,354 10,304 Francisco, in the State of Mato Grosso; 

Venezuela _ —_ | Sao Raimundo, in the State of Para; | China 
Total — "43.493. ~—«- 2300.99] and Iarape Preto and Pitinga, both in | Yunnan Tin Corp., Gejiu City, Yun- 

TT the State of Amazonas. nan Province, was the largest tin pro- 
1989 -s : , , . 

Concentrates (tin. Pitinga, the country’s largest tin | ducer. It operated 5 underground mines, 

content): és (tin mine, used four Elliot bucketwheel | 7 open pit mines, 10 mineral dressing 

— dredges and mined to a depth of 6 to 8 | plants, and 1 smelter, giving it an annual 
China 67 $459 . . . . . . eae 

peu 149 1479 meters. The mine site employed nine | mine production capacity of 7.5 million 

Peru _s“' | floating wash plants and seven gravel | tons of tin ore, while the smelter capacity 
__ Total —————s |_216 = ___1,938 | pump plants. The dredging capacity | was 20,000 tons of refined tin yearly. 
Metal (unwrought): was about 13 million cubic meters an- | Both surface alluvial deposits and under- 
_ Australia ssi: 4200 11,079 | nually. Total investment at Pitinga was | ground lode deposits were worked. The 

Austria 100 773 | about $115 million. Management was | high-grade alluvial deposits, after 100 

See footnotes at end of table. in the process of developing mining of | years of exploitation, were virtually de- 
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pleted. In 1989, low-grade alluvial tin | largest tin-producing organization in | Makeri Smelting Co. Ltd. at Jos, Pla- 
ores of fine particle size, tailings, and the | the world. A total of 338 tin mines were | teau State. 
underground lode were the main sources. | in operation in 1989, compared with | 

For smelting and refining, Yunnan | about 800 in 1980. During 1989, 41 | Peru 
used reverberatory smelting of tin con- | gravel pump mines reopened, and 1 The only tin mine in Peru was the 
centrate; pyrometallurgical refining of | dredge restarted due to the impetus of | San Rafael Mine, near Juliaca, owned 
tin metal; electrolytic separation of tin- | the early 1989 tin price rise. Gravel | by Minsur S.A. The mine was within 
lead alloy; and tin slag fuming. Yunnan | pump mines accounted for 41% of | the northern extension of the Bolivian 
developed a continuous electrothermal | output, up from 34% in 1988. Dredges | tin belt. Tin grades averaged 1.8%. 
crystallizer designed to remove lead and | accounted for 37% of Malaysia’s tin | Peru remained the major supplier of tin 
bismuth using the different melting | output. concentrate to the United States. 
points and specific gravities of tin and Two large tin smelters on the island | 
lead-tin alloy; direct recovery of tin was | of Penang, one owned by Datuk Kera- | Portugal 
increased by 6% over former methods, | mat Sdn. Bhd. and the other owned by The new Neves Corvo Mine, in its 
and manning levels reduced by 50% in | Malaysia Smelting Corp. Sdn. Bhd., | second year as a copper producer, was 
1989. Several other tin smelters around | operated at fairly high levels and made | planning to begin tin production in 1990. 
the world utilized Yunnan crystallizer | smelter production in Malaysia the | This mine was developed by Socieded 
technology. | largest in the world. Both smelters de- | Minera de Neves Corvo (GSOMINCOR), 

The DaChang Tin Mining Bureau | pended on toll-smelting of imported tin | owned 51% by the Government- 
Mine, located in the southwest region | concentrates, especially from Austra- | controlled Empresa de Desenvolvimento 
of Guangxi, China, was being ex- | lia, Bolivia, and China. Mineiro E.P. and 49% by RITZ Corp. 
panded and was expected to become PLC. RITZ announced that the tin re- 
the country’s largest tin mine in a few | Mexico serves at this southern Portugal mine 
years. Tin was mined in the three adjoining | were about 2.8 million tons of tin ore 

States of Durango, Zacatecas, and San | with an average grade of 2.6%. The | 
India | Luis Potosi in north-central Mexico. | company plans to produce 2,200 tons of 

Hindustan Zinc Co. announced plans | The country’s major tin mine, the El | tin in 1990 and gradually increase the 
to build a 3,000-ton-per-year domestic | Perro Mine, was owned by Cia. Minera | output to 5,500 tons in 1993. Because tin 
tin smelter to meet part of the country’s | Pizzuto. | was a byproduct of copper, tin produc- 
demand. Estano Electro S.A. de C.V. oper- | tion costs could be among the lowest in 

| ated a tin smelter at Tlalnepantla, near | the world. 
Indonesia Mexico City. Fundidora de Estafio S.A. Beralt Tin & Wolfram Co., headquar- 

Tin mining occurred predominantly at | operated a tin smelter at San Luis | tered in Lisbon, produced tin, tungsten, 
offshore locales, with large-scale dredg- | Potosi. Metales Potosi S.A. had a/ and copper concentrates at its under- 
ing the preferred method. P.T. Tambang | smelter in San Luis Potosi as did Min- | ground and processing plants at Minas |. 
Timah (P.T. Timah), the Government- | era de Rio S.A. All four smelters proc- | de Panasqueira in central Portugal. De- 
owned mining firm, ranked as one of the | essed imported tin concentrates, prima- | cades ago, the firm was only a tin pro- 
world’s largest tin-mining organizations, | rily from Canada and China, as well as | ducer, but in recent years tin output has 
accounted for about 80% of Indonesia’s | domestic concentrates. declined and tungsten has become its 
tin output. P.T. Timah’s three primary primary product. In 1989, output was 
tin production complexes were on the | Namibia about 60 tons of tin concentrate. 
islands of Bangka, Belitung, and The Uis Mine, owned by Industrial 
Singkep. The facility on Bangka Island | Minerals Mining Corp. Pty. Ltd., a | Thailand 
accounted for 70% of the firm’s tin | wholly owned subsidiary of South Af- Tin remained the principal mineral 
production. rican Iron and Steel Industrial Corp. | product and export; but, in 1989, tin 

Timah announced that it intended to | Ltd. (Iscor), was the largest producer. | fell in relative importance as other in- 
direct the extra revenue from sharply | Concentrates were shipped directly to | dustries gained. The number of opera- 
higher tin prices in early 1989 toward | the Vanderbijlpark steelworks in the | ting tin mines was about 200, located 

ensuring long-term growth in tin pro- | Republic of South Africa, where they | chiefly in the Phang-Nga, Phuket, and 
duction, and they increased mainte- | provided a large part of Iscor’s tin for | Ranong regions. About 60% of the tin 
nance, development, and exploration | use in producing electrolytic tinplate. was mined with offshore dredges. 
expenditures. Most of the onshore tin mines were 

The other leading tin producer was | Nigeria idle in 1989. Aokam Tin Co. and 
Kobe Tin, owned by Renison Consoli- Five tin-mining companies operated | Tongkha Harbor Tin Co. continued to 
dated Goldfields Ltd. (Australia). | in Nigeria. They were Amalgamated | operate dredges 10 months per year in 
Kobe also reportedly experienced pro- | Tin Mines of Nigeria (Holdings) Ltd., | the Phuket Bay area, where the dredges 
duction gains and invested substan- | Bisichi-Jantar Nigeria Ltd., Kaduna | were sheltered from monsoons. The 
tially in tin facilities. Prospecting Nigeria Ltd., Ex-Lands | largest dredge, Bor Dan, was operated 

Nigeria Ltd., and Gold & Base Metal | by the Government-owned Offshore 
Malaysia Mines of Nigeria Ltd. All tin concen- | Mining Enterprise. 

Malaysia Mining Corp. remained the | trates were smelted domestically by Most domestic tin concentrates were 
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smelted by the Thaisarco smelter. Be- TABLE 13 lic form and there were no environmen- 

cause it was not being operated at capac- TIN: WORLD ANNUAL MINE tal hazards.’ . 

ity, it experimented with some foreign -AND PRIMARY SMELTER Work at the International Tin Re- 

concentrates, mostly from China. — CAPACITY, BY CONTINENT AND | Search Institute (ITRI) resulted in ad- 
COUNTRY, DECEMBER 1989 vances for tin compounds used as fire 

United Kingdom retardants and smoke suppressants in 
The cost of tin mining in the Corn- (Metric tons) various substrates, especially unsatur- 

wall district reportedly was among the ated polyesters, rigid polyvinylchlo- 

highest in the world. Most tin concen- | —_ Continent and " Mine Smelter ride, natural fibers, and wool.” 

trates were shipped to the Billiton country capacity capacity Cooperative research by British Steel 

smelter in the Netherlands. North America: Corp., Hoogovens IJmuiden (The 

The restructuring and downsizing of Canada 5,000 — | Netherlands), and Rasselstein A.G., re- 

the Capper Pass tin smelter, owned by Mexico 600 7,000 | sulted in the development of a nonde- 

RTZ, returned the operation to profit- United States 300 8,000 | tachable beverage can end, made from 

ability. Increasingly, the feed came | south America: tinplate. Development took place at the 

from imported low-grade and compre Argentina 1,000 1,000 Rasseien Tin Mill in Andernach, 

primary an secondary materials. The Bolivia. SS~CSC«S0,000 16,000 Federal Republic of Germany, on a 

plant was also an important producer | ———.~—-—____ production line capable of producing 

of byproduct metals such as bismuth Brazil 0,000 50,000 200 million can ends annually. This 

and pnduum. — 8,000 — | new style end has two buttons etched 

The attempted purchase by Minorco | SUFOP® into it, which are depressed to open the 

S.A., based in Luxembourg, of London- | _ ©zéchoslovakia 1,000 — | can—one for flow of the beverage, the 

based Consolidated Goldfields PLC, was German other for venting. The end remains 

blocked on legal grounds. However, Democratic attached to the can. The new end was 

shortly thereafter, Hanson Trust PLC, a Republic 2,000 4,000 commercially available and competed 

British conglomerate, purchaséd Consol- _Portugal 6,000 1,000 | with the traditional aluminum ring-pull 

idated for about $4.8 billion. The pur- | _SP@!" — 14,000 | end. If commercially successful, this 

chase was the largest merger in British US.S.R. _ 20,000 20,000 | new style end could result in substantial 

history. Consolidated operated tin mines United Kingdom 5,000 12,000 | increases in tinplate demand.? 

in Australia and Indonesia accounting | Africa: 
for about 10% of Western World tin Cameroon 200 — | 

output. Namibia 1,500 — | OUTLOOK 

Throughout the year, London, as the Ni TT ’ ’ ger 300 — 
base for the now defunct ITC andthe | ~y....,..° °@# a Nigeria 2,000 3,000 . . . 

LME, was the hub of activity related to RwandaS > 000 > 000 Domestic demand for primary tin 

the numerous lawsuits connected with | ————__——— has been growing slowly during most 
. é 9 South Africa, ’ . 

the 1985 tin market “collapse.” Re- Republic of 3.000 3.000 | Of the 1980's, and this trend was ex- 

peated efforts, often clandestine, were Swaziland pected to continue over the next few 
. waziland 100 — , . 

made to resolve the conflicts out of | ———_.—_———- years. Since 1987, the consumption of 
Tanzania 100 — . . . . eg 

court. Weanda 100 tin for tinplate has increased signifi- 
ganda — . . 
en cantly, partly because of higher alumi- 

Se faire 4,000 1,000 | num * tices ‘and partly because of in- 

CURRENT RESEARCH Zambia 100 — | creased recycling of used tin cans using 

— TT TA Zimbabwe 2,000 2,000 | new recovery technologies. This trend 

Asia: also was expected to continue. 

Dan Engineering Corp., Denmark, Burma 2,000 1,000 There were no known new uses for 

developed a new vacuum distillation China 30,000 35,000 | tin that hold promise for significant 

furnace for ne reining of in. The Indonesia 35,000 32,000 | future consumption growth. 
urnace reportedly had unique advan- | ~y,5,,. 2—t~<CSC~C*t«*# _ 2.000 pan , 

tages, whether utilized with a primary | —;._ >...u..~ 
. ? K , Republic of 100 2,000 

tin smelter or a secondary recovery ee re. 1.000 BACKGROUND 

facility, for extracting certain impuri- | ———————————__ , | 
ties or coalloy metals “Dan Engineering _Malaysia 45,000 120,000 
indicated the vacuum distillation pro- _Thailand 33,000 44,000 The late 1980’s witnessed the disinte- 

cess was a relatively low-cost procedure Vietnam 1,000 1,000 | gration of one of the most enduring and 

effective for high levels of impurities. | Oceania: critical components of the tin industry, 

The furnace was adaptable to handle Australia 10,000 2,000 | the ITC, based in London, England. The 

small quantities in batches or large Total 391,000 383,000 | ITC’s demise, the repercussions involv- 

tonnages continuously. There was no | ‘pata do not add to total shown because of indpendent rounding. | ing the LME, and subsequent lawsuits, 

dross from anode or cathode melting; comprised perhaps one of the most sig- . 

the byproducts were obtained in metal- nificant news events in the entire metals 
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TABLE 14 used this stockpile to influence tin 
TIN: WORLD MINE PRODUCTION, BY COUNTRY’ prices by selling tin to protect a prede- 

termined “ceiling” price or by buying 
(Metric tons) tin in another part of the market cycle 

| | «tO Sprotect a predetermined “floor” 
Country 1985 1986 1987 1988 1989° | price. During the 1960’s and 1970’s, 

Argentina 451 379 186 446 400 | the ITC did a remarkable job in pro- 
Australia 6,363 8,508 7,691 7,009 7,776 | tecting the “floor” prices but was gen- 
Bolivia = 16,136 10,462 8,128 10,573 715,858 | erally unsuccessful in protecting the 
Brazil ~—~—~«»°26,514 26,246 27,364 44,102 750,161 | ceiling” prices. This was attributed to 

Buma | | 1,751 1,495 939 529 400 stockeile small size of the ITC 

Burund 7 7 1,000 1,000 1,000 During the 1980’s, when the world 

Cameroon 9 9 8 7 > | tin market was generally in an oversup- 
Canada 120 2,485 3,397 *3,300 3,300 | ply situation and tin prices weakened, 
Chinaf —“‘CO;OCCCC«*D;SS; 000 15,000 20,000 25,000 25,000 | the ITC borrowed funds extensively to 
Czechoslovakia 250 *200 550 515 500 | support the tin price. Finally, in Octo- 

German Democratic Republic‘® 2,800 2,800 3,000 2,800 2,500 | ber 1985, the over-extended ITC ex- 
Indonesia 21,722 "24,497 26,093 29,590 231,263 | hausted available funds to support the 
Japan 510 500 8 _ (2) | tin price, and lenders would not ad- 
Korea, Republicof — 3] 1 3 () — | vance any more credit. This triggered 
Laos® 2540 550 550 2300 400 | an immediate “collapse” of the world 

Malaysia =i(ité‘ sét!#!#!;!;*;~*~*é «BBA 29,135 30,388 28,866 31,000 | "in market, and by early 1986, trading 
Mexico. 380 585 369 Sond 939 | OF the LME was suspended. The crisis 

oo soon spread to other metals because 
Namibia 984 880 1,097 1,182 1,200 | many brokers who held tin trading seats 
Niger 134 80 94 119 100 | on the LME also held positions in 
Nigeria * 1,500 630 844 432 450 | metals like aluminum, lead, and zinc. | 
Peru 3,807 4,817 5,263 4,378 *5,053 | Following this “collapse,” the price of 
Portugal 263 196 64 81 90 | tin dropped sharply and remained at 
Rwanda 813 29 — — — | historically low levels through 1986, 

South Africa, Republic of 2,153 2,054 1,438 1,377 21,306 | 1987, and 1988. 
Spain § ©. 637 —-:2906 71 €5Q 50 | The collapse was followed by a myr- 

Tanzania®t—<“‘i‘~S™~™~*~*~*~S 25 rs 4 r4 3 | 1ad of lawsuits brought by the creditors, 

Thailand  § — 16,864 17,066 15,006 14,225 14,500 | Mostly brokers and banks who had 
Usanda®. SOO 18 13 10 10 i0 loaned or lost money, against the ITC 
=== nn and the LME. The legal actions, 
USSRA 213,500 14,500 16,000 16,000 16,000 | mostly centered in London, sought to 
United Kingdom 5,204 4,276 4,003 3,454 3,200 | recover an estimated $1.5 billion. The 
United States Ww Ww Ww Ww W | ITC, composed of 22 member Govern- 
Vietnam * 600 650 680 700 700 | ments, denied responsibility for any 
Zaire* 3,100 2,650 2,378 2,688 2,700 | losses and opposed the legal actions for 
Zambia‘ 7 15 r2 17 ry 2 | several years. The U.S. Government 
Zimbabwe* 1,670 1,470 1,410 T1140 1,300 | was not a party to the matter because it 
Total i tst~—<—s~stsSSC# YDS 172,471 «178,131. +~—Ss-200,150~—Ss«(216,457 | had only beena member of the ITC for 
©Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” ~«(| ‘Oe term, the duration of the 5th Inter- 
' Contained tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, London. Table | national Tin Agreement, from 1976- 
includes data available through June 6, 1990. 81. The ITC, hampered by lack of 

Reported figure. . . . 
| 3 Revised to zero. operating funds, ceased operations in 

*Nonduplicated total of content of concentrates plus smelter production. 1988. Toward the end of 1989, negoti- 

ations for an out-of-court settlement of 
the tangled legal actions were taking 

field since World War II. tion or consumption. The goal of the | place, and a settlement on a reduced 
The ITC, the latest of several similar | ITC was to stabilize tin supply-demand | value basis was imminent. The LME 

tin industry organizations dating back | and tin prices, and to ensure producers | resumed daily tin trading in early 1989. 
to the turn of the century, was created | a decent profit and users an adequate One of the most important impacts of 
in 1956. Historically, it had been com- | tin supply at fair prices. the collapse of the tin market was the 
posed of about 20 to 25 producer and The ITC operated under a complex | resultant sharp decline in price for tin 
consumer countries, each with voting | set of rules. A key feature that allowed | metal, which dropped to about one-half 
rights in the council approximating that | it to play a major role in the tin market | of its “precollapse” price by early 1986 
country’s tonnage of either tin produc- | was the ITC buffer stockpile. The ITC | and remained low essentially through 
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TABLE 15 | 1989. These historically low prices 

TIN: WORLD SMELTER PRODUCTION, BY COUNTRY! caused a market-driven restructuring of 
| the world’s tin mining industry. High- 

(Metric tons) cost, low-grade tin mines could not op- 
erate profitably and hundreds ceased op- 

Country 1985 1986 1987 1988? 1989° | eration. Although most of the 35 tin 7 

Argentina: | producer countries suffered economic 
Primary 238 230 240 280 280 hardship during this restructuring, the 

-Secondarye  ttiti—~— 135 135 100 100 100 historically low tin prices offered oppor- 
Total® ttCSststCSsttststS 8B 365 340 380 ~ 3g9 | tunity to the world’s scores of tin con- 

Austrata: s iThe ATPC, founded in 1983 d as e , founded in , emerge 
_Pnmary 2 688 1,399 63 439 424 as a force in the tin world by the mid. 
_Secondary 0 _ 409 __320 __320 __ 300 ___30 | 1980’s as the influence of the ITC was 
_ Total sé, 092 1,719 883 739 724 | waning. The ATPC started with five 
Belgium: Secondary ss 2,304 2,712 3,900 4,972 5,000 | charter members: Bolivia, Indonesia, 
Bolivia: Primary 12,859 7,673 2,667 5,461 9,705 | Malaysia, Thailand, and Zaire. Later, 

Brazil: Australia and Nigeria joined. Two of the 
Primary 24,702 27,427 29,365 41,857 43,450 | world’s largest producers, Brazil and 

Secondary * 200 200 200 250 250 | China, did not join, thereby weakening 
-“Totale  sti(‘<i‘i‘ié™SCKSN 27,627 29,565 “42,107 ~43,700 | the ATPC’s potential influence. The an- 
Burma: Primary 388 322 649 ©3909 200 | nounced goals of the AT'PC were to 

Canes: Senda” SO namo ato np | bain ferns fo in produces and 
China: Primary™ 15,000 15,000 20,000 29,500 29,500 sumers at reasonable prices, to facilitate 
Czechoslovakia: Primary 307 240 300 300 500 | cooperation in the marketing of tin, and 
Denmark: Secondary® 100 100 100 100 100 | to enhance the growth of tin usage. 
German Democratic Republic: Although the ATPC membership in- |. 

Primary * 3,300 3,300 3,400 3,300 3,000 | cluded 7 major producers, effectiveness 

Germany, Federal Republic of: was weakened by the fact that about 30 
Secondary ° 1,000 350 250 150 150 | countries in the world that mined or 

Greece: Secondary * 40 40 40 40 49 | smelted tin were not members. Never- 

India: Secondary tst—~—tS 100 100 100 200 200 | theless, the ATPC tackled rather effec- | 

Indonesia: Primary «(20,909 = 22,080 »(24, 200 28,365 729,916 | tively the estimated oversupply of 
Japan: Primary. ~—~CS«Y 1.280 895 846 2808 100,000 tons of tin that existed during 

’ ’ > 

Korea, Republic of: Primary® 300 300 400 400 gog | Most of the 1980’s. The ATPC utilized 
OO 3 a series of schemes for the rationaliza- 

Malaysia: Primary 45,500 43,788 44,363 49,945 30,874 | tion of supply, in effect imposing ex- 
Mexico: Primary 11,533 11,488 _1,730 _1,514 _1,500 | port controls on member countries to 
Netherlands: restrain tin production. By 1989, the 

Primary 5,312 5,104 3,834 3,478 4,900 | world tin oversupply had diminished to 

Secondary | 200 214 194 189 200 | an estimated 30,000 tons. 
Total 5,512 5,318 4,028 3,667 5,100 The 1980’s also witnessed the rise of 

Nigeria: Primary 1,079 91 560 566 575 | Brazil and China as major world tin 
Norway: Secondarye i —it™ 60 60 60 55 100 | Producers from modest levels just 10 
Portugal: Primary 483 184 48 58 110 | years earlier. This phenomenon was 
Rwanda: PrimaryeSSSOS™S 800 _ _ _ __ | fueled by discoveries of new high- 
Sa grade, low-cost tin deposits and com- 
Singapore: Primary” 4,000 200 _1,000 _|,000 0 mitments by the Governments of the 

South Africa, Republic of: two countries to facilitate tin mining 
_Primary 2,069 2,001 1,508 1,389 1,307 | and smelting. Although neither coun- 
_Secondarye 350 350 350 400 400 | try was a member of the ATPC, each 

Total® 2,419 2,351 1,858 1,789 1,707 | generally agreed to cooperate with the 
Spain: — — | "| §pirit of the ATPC’s supply rationaliza- 

Primary 3,531 1,965 1,671 656 650 | tion strategies. Tin production levels in 
Secondary° 200 200 200 200 200 | both countries became so large that, 
Total® 3.731 2,165 “1,871 856 69 | Without their cooperation, the ATPC 

Thailand: Primary «(17,996 19,672 ‘15,438 14,675 214,571 | €XPort controls would not have been 
Sa foomosateadofubka OO CCSCSt~‘“st‘S™S*C*@:C fective: in. reducing thee world oversup- 

ply of the late 1980’s. 
Brazil’s tin mine production in 1979 
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- TABLE 15—Continued 1960, the NDS stockpile reached its 

TIN: WORLD SMELTER PRODUCTION, BY COUNTRY? | peak quantity of 358,149 tons and the 
Nation’s consumer and defense-related 

(Metric tons) tin requirements began to decline. Be- 
ginning in 1962, stockpile tin that was 

Country 1985 1986 1987 1988? 1989° | excess to the goal was offered for sale. 

U.S.S.R.:° , Sales, or later swap programs, were 
Primary 16,000 16,000 18,500 18,500 18,000 | elaborately designed to avoid signifi- 

Secondary —™ 3,700 3,800 4,000 4,000 4,000 | cantly affecting the world tin market. 
Total ~~~—~«*YI9,700 “79,800 “22,500 "22,500 “32,000 The immensity of the NDS holdings 

United Kingdom: =— => = ——— | of tin can be measured by noting that at 
“Pimay 7-548 9.297 12.135 9.014 $000 yearend 1989, after almost 30 years of 

$$ , ° ° ° , almost continuous stockpile sales, the 
_Secondary __ 7,265 _5,676 _ 4,871 _ 1,17 180 | stockpile tin inventory of 171,233 tons 
_ Total 14,813 _14,903 _17,006 _16,771 15,600 | was still by far the largest dollar volume 
United States: | holding of all the nonfuel mineral ma- 

Primary © 3,000 3,213 3,927 1,467 1,000 | terials in the stockpile. 

Secondary 1,302 1,134 1,353 578 569 Even though Defense plans call for an 

Total 4,302 4,347 5,280 2,045 1,569 | eventual tin stockpile of 42,674 tons, it 

Vietnam: Primary° 570 620 645 600 600 | probably will take many decades to sell 
Zaire: Primary 85 56 _— 168 100 the EXCESS down to that level, given the 
Zimbabwe: Primary 1,207 1,079 1,038 855 2848 legislative processes needed to authorize 
Grand total ——~—~—~S«i'O, 5385 199,830 205,514 734,624 241,827 disposals and the sometimes conflicting 

EP naar aims of avoidance of undue market dis- 
of which: ee . 
a turbance and maximization of income 

Primary 192,990 184,239 189,276 215,133 222,418 from disposals. 

Secondary 17,545 15,591 16,238 19,491 19,409 

“Estimated. P Preliminary. ‘Revised. Technology 
'Data derived in apart from the Monthly Statistical Bulletin of the International Tin Council, London and, since 1988, UNCTAD. . 

Wherever possible, total smelter output has been separated into primary (from ores and concentrates) and secondary (tin metal recovered For most of this century, one of the 

from old scrap). This table reflects metal production at the first measurable stage of metal output. Table includes data available through major worldwide uses for tin has been 

een for tinplate, most of which is used for 
eported figure. . . 

tin cans. Even though tinplate has lost 
most of the beverage market in the 

United States to aluminum during the 
| was 7,000 tons; in 1989 it was an esti- | from Malaysia, Burma, and Thailand | past 25 years, tinplate has continued to 

mated 50,000 tons. During the decade, | into southwest China. All Chinese tin | dominate the food can market. Until the 
considerable exploration occurred and | mines are Government-owned and of- | late 1980’s, used tin cans were generally 
resulted in the discovery of numerous | ten named for the province in which | not recycled; when used by the con- 

high-grade, mostly alluvial, tin deposits. | they are located. Although China has | sumer, they were usually taken via trash 
Most tin discoveries were part of the | numerous tin smelters, in recent years | collection vehicles to municipal landfills. 
same geological belt or trend extending | considerable tin ore has been shipped | Also, until the late 1980’s, technology 
up from Bolivia into the far southwestern | to smelters in Malaysia. In recent years, | did not exist for economically removing 
extremes of Brazil. The Brazilian mines | China has emerged as the second lead- | the tin coating from the base steel (tin- 
were generally low-cost operations, often | ing supplier of tin metal to the United | plate is 99% steel) on the required vol- 
the lowest cost in the world, a fact which | States, after Brazil. ume and speed basis necessary for treat- 
came to the fore after the late-1985 tin The transactions of the NDS in the | ing large volumes of cans. 
market “collapse.” The collapse resulted | United States, administered by the De- During the late 1980’s, new proce- 
in a historically low tin price, a price at | partment of Defense in 1989, have been | dures for effectively separating the tin 
which the Brazilian mines were among | a major factor in the tin industry. Al- | from the base steel were developed so 
the few in the world that could operate at | most immediately after the creation of | each metal could be reused as scrap. 
a profit. Unlike many tin mines in the | the NDS following World War II, tin | One such technique involved a shred- 
world, Brazil’s tin mines were generally | became the largest dollar volume hold- | ding process that permitted more effec- 
privately owned, sometimes by foreign | ing in the entire stockpile of some 80 | tive chemical reaction with the tin sur- 
firms. nonfuel mineral materials. The U.S. | faces. Also during the late 1980’s, 

It was estimated that tin mine pro- | Government purchased the tin for the | many of the Nation’s landfills were 
duction in China rose sharply from | NDS primarily from foreign producers | nearing capacity and became a major 
about 15,000 tons in 1979 to an esti- | at the then prevailing market prices of | environmental concern, leading to mu- 
mated 25,000 tons in 1989. It was be- | well below $1 per pound. The tin was | nicipal policies and actions to encour- 
lieved that most tin mines in China | stored at several warehouses around the | age or mandate household trash recy- 
were underground lode operations in | country in proximity to industries that | cling programs. This movement started 
the same geological trend extending | could require the tin in wartime. By | to generate a significant supply of used 
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tin cans that could be treated by the | !vsi@ June 1989. Summaries, annual. 
new. detinning technology. In 1989, the No nae - S anes : British Steel Tin. Ch. in Minerals Yearbook, annual. 

impact of both of these developments | j,,ogovens Limuiden-Rasselstein, Corporate Promotion | _ 1+ Mineral Industry Surveys, monthly. 
created a new industry for the collec- Brochure, 1989, available from British Steel Corp. Other Sources 

tion and detinning of used tin cans, American Metal Market. 

and several new detinning plants were Canadian Mining Journal. 

under construction. OTHER SOURCES OF INFORMATION Metal Bulletin (London). 
Metals Week. 

Tin. Roskill Information Services Ltd. 

1 Dan Engineering ApS. Presentation at Metal Bulle. | Bureau of Mines Publications Tin International. 

tin’s First International Tin Conference, Penang, Ma- Tin. Ch. in Mineral Commodity Wall Street Journal. 
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By Langtry E. Lynd and Ruth A. Hough 

Dr. Lynd is a physical scientist in the Branch of Nonferrous Metals. With extensive industry experience in titanium mineralogy 

and extractive metallurgy, he has been the commodity specialist for titanium since 1977. Mrs. Hough is acting chief, Nonferrous 
Metals Data Section. She has been involved in the collection and preparation of domestic survey data on titanium and other 
commodities since 1975. Domestic survey and foreign data for this chapter were prepared by Mrs. Hough and Mr. Tony E. 
Morris, Nonferrous Metals Data Section. International production data were prepared by Ms. Virginia Woodson, International 

Data Section. 

.S. production of titanium | that had existed for several years. Ex- | in orders for new commercial airliners. 
‘ | dioxide (TiO,) pigments in- | ports of TiO, pigments increased mark- Consumption of titanium concen- 

creased about 8% to a little | edly while imports decreased. trates, (ilmenite, high-TiO, slag, rutile, 
over one million metric tons U.S. production of titanium sponge | and synthetic rutile), also increased, in 

in 1989, reaching a record-high level for | metal rose 13% to 25,200 tons, 5% | line with the rising production of tita- 
the seventh consecutive year. However, | higher than was reached in the previous | nium metal and TiO, pigments. Im- 
domestic consumption of TiO, pigments | record-high year of 1981. Demand for | ports again supplied about three- 
dropped about 4%, reflecting an easing | titanium mill products also increased, | quarters of U.S. requirements for TiO, 

of the very tight supply-demand balance | mainly because of the continued boom | in concentrates. 

TABLE | 

SALIENT TITANIUM STATISTICS 

(Metric tons unless otherwise specified) 

1985 | 1986 1987 1988 1989 

United States: | 

: Ilmenite concentrate: | 

Imports for consumption 459,765 422,401 307,515 394,170 411,751 

Consumption 685,896 731,436 744,266 679,008 659,584 

Titanium slag: | 

Imports for consumption 264,742 328,285 408,785 434,641 386,146 

Consumption 228,635 250,677 251,423 300,013 414,830 

Rutile concentrate, natural and synthetic: 

Imports for consumption 162,988 158,595 197,937 231,124 264,895 

Consumption 276,944 298,601 320,505 352,356 366,143 

Sponge metal: 

Production 21,098 15,787 17,849 22,270 25,225 

Imports for consumption 11,558 1,475 924 1,364 903 

Consumption * 19,601 17,680 17,973 21,003 24,927 

Price, Dec. 31, per pound $3.50-$4.00 $3.90-$4.30 $4.00-$4.20 $4.25-$4.75 $4.80-$5.30 

Titanium dioxide pigment: 

Production 783,393 844,274 878,558 926,746 1,006,581 

Imports for consumption 178,001 183,862 174,219 185,466 166,346 

Consumption, apparent? 893,195 908,055 966,169 991,536 947,259 

Price, Dec. 31, cents per pound: 

Anatase 72.0 77.0 77.0 95.0 102.0 

Rutile 78.0 82.0 82.0 97.0 105.0 

World: Production: (rounded) 

Iimenite concentrate? 3,456,767 3,419,500 3,878,869 P 4,002,538 © 4,213,200 

Rutile concentrate, natural? 373,407 393,860 439,366 P 433,520 “475,690 

Titaniferous slag 1,280,000 1,285,000 1,575,000 P 1,725,000 “1,765,000 

Estimated. ? Preliminary. 

' Exchades sponge imported for the national stockpile. 
2 Production plus imports minus exports plus stock decrease or minus stock increase. 
3 Excludes U.S. production data to avoid disclosing company proprietary data. 

TITANIUM MINERALS YEARBOOK—1989 1081



LEGISLATION AND cause of cessation of production at two | The Government’s NDS goal for ti- 
NMENT PROGRAMS US. ilmenite mines. Ilmenite import re- | tanium sponge metal remained at 

GOVER liance through 1989 has been in the 70% | 176,901 tons. The NDS inventory in 
to 80% range. Import reliance for rutile | December contained 23,555 tons of 

The International Trade Administra- | declined from about 90% in 1980 to | specification metal and 9,857 tons of 
tion (ITA) of the Department of Com- | about 60% in 1983 and later years be- | nonspecification material. The Annual 
merce tentatively decided to revoke an | cause of increased domestic production | Materials Plan for fiscal year 1991 in- 
antidumping duty order on titanium | of synthetic rutile. However, this decline | cludes a proposal to acquire 2,722 tons 
sponge manufactured by Osaka Tita- | was at the expense of increased import | of titanium sponge metal for the stock- 

| nium Co. Ltd. of Japan because it had | reliance for ilmenite, because the domes- | pile. The NDS goal for rutile was un- 
found Osaka’s dumping margin for the | tic synthetic rutile was made from Aus- | changed at 96,162 tons. The total rutile 
period November 1, 1985, to October | tralian ilmenite. stockpile inventory at yearend was 
31, 1986, to be 0.0% rather than the Dependence on foreign rutile sources | 35,549 tons, including 51 tons of non- 

0.3% found in a preliminary review in | could be eased or eliminated in an emer- | specification material. 
July 1988. ITA rejected a request from | gency in two ways, using current com- 
Toho Titanium Co. Ltd. for revocation | mercial processing methods: (1) synthetic | 

of an antidumping duty order after | rutile could be made from domestic il- ISSUES...” 
determining that its dumping margin | menite now being mined in Florida, or SSU 
for the same period was 0.83%. ilmenite that could be mined from other 

In furtherance of the Department of | deposits, such as the Tennessee ilmenite | U.S. Ore Supply 
Defense Appropriations Act of 1990 | sand deposits, and (2) titanium tetrachlo- Although the United States has large 
(PL 101-165, H. R. 3072-13), the Bu- | ride (TiCl,) for metal production could | reserves of titanium in the form of il- 
reau of Mines was preparing to initiate | be made directly from ilmenite, as is | menite, nearly all of U.S. titanium 
the Soledad Canyon Demonstration | done by E. I. du Pont de Nemours & | sponge production has been derived 
Project in Los Angeles County, CA, to | Co. Inc. (Du Pont) for TiO, pigment | from imported rutile and synthetic rutile. 
develop a reliable supply of titanium | manufacture. This heavy reliance on foreign concen- 
ore from ilmenite. The project is con- Another possible solution to this prob- | trates has developed because most pro- 
cerned with titanium resources in the | lem is the development of new processes | ducers of TiCl,, the intermediate com- 
vicinity of Soledad Canyon and adja- | that utilize domestic ilmenite and perovs- | pound used to make titanium sponge and 
cent areas of Angeles National Forest. | kite that contain too much calcium and | a large part of the world’s TiO, pigment, 
It will involve a total resource evaluation, | magnesium to be used directly for mak- | prefer rutile or synthetic rutile over il- 
bulk sample recovery, evaluation of ben- | ing TiCl,. Availability of such processes | menite as plant feed material. Possible 

eficiation potential, and determination | would encourage production of domestic | ways of better utilizing U.S. ilmenite re- 
of response to technology to produce | ilmenite, which fell from about 450,000 | sources and reducing U.S. dependence 

| synthetic rutile, titanium metal, and | tons of contained TiO, in 1975 to about | on foreign sources of titanium concen- 
TiO, pigment. Six million dollars was | 165,000 tons of TiO, in 1982. In 1989, | trates are discussed in the Strategic Con- 
made available for the project through | ilmenite mine production capacity was | siderations section. 
September 30, 1993. about 200,000 tons per year of contained . 

TiO,. Fluctuations in Metal Demand 

Import reliance for titanium sponge A major problem affecting the tita- 
—___________________________ | as a percentage of consumption has | nium industry is the wide fluctuation in 
STRATEGIC ranged between 0% and 16% in the | demand caused by changes in require- 
CONSIDERATIONS period 1980 to 1989. Titanium concen- | ments for both military and commercial 
TO aA == _ | trates currently used to make TiCl, for | aircraft programs. Titanium sponge pro- 

. metal production are mostly imported | ducers have repeatedly increased capacity 
Security of Supply rutile and synthetic rutile, but domestic | in response to anticipated demand and 

Although imports supply a very large | concentrates could be used for this | have then been left with excess capacity 
proportion of domestic demand for tita- | purpose in an emergency, possibly at | when those programs were canceled or 
nium concentrates, these imports come | higher cost. cut back. The most recent example of 
predominantly from Australia and Can- such a fluctuation was the historic peak 
ada, which have historically been reliable | Stockpile in demand and price reached in 1980-81 
and politically stable suppliers. Rutile and titanium sponge metal are | and the subsequent collapse in 1982-84. 

Import reliance, defined as imports | included in the list of strategic and criti- | The sharp rise and fall of demand and 

less exports plus adjustments for inven- | cal materials for stockpiling purposes. | prices were believed to have been aggra- 
tory changes, may be used as a measure | Titanium sponge has been acquired peri- | vated by overestimation of aircraft orders 
of dependence on foreign sources of sup- | odically for the National Defense Stock- | that did not materialize or were later 
ply. Expressed as a percentage of con- | pile (NDS) from domestic producers and | canceled as the aircraft market deterio- 

sumption, import reliance for ilmenite, | from producers in Japan and the United | rated. Following the market collapse, 
including high-TiO, slag made from il- | Kingdom. Rutile for the stockpile was | some producers and consumers were left 
menite, was 35% in 1980 but increased to | acquired mainly in the early sixties from | with high inventories to be worked off 
about 80% in the 1982-84 period be- | Australia. during a period of lower demand. 
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It has been suggested that the aero- | menite Corp. near Lakewood, NJ. This | mineral concentrate. Heavy mineral con- 
space industry could help stabilize de- | operation will reclaim zircon, ilmenite, | tent in the deposit reportedly averages 
mand and match supply to demand by | and rutile from tailings at a previously | about 7%. Mining could begin in about 
better long-range planning and forecast- | mined mineral sands deposit. The first | 3 to 5 years. 
ing of their requirements, and greater use | shipments of zircon were made in early South East Tisand, a joint venture 
of multiyear contracts. In the event that | December. | between Becker Minerals Inc. of En- | 
additional capacity is needed quickly in a AMU was again the only U.S. pro- | gland and Consolidated Rutile Ltd. of 
national emergency, incentives such as | ducer of natural rutile. Kerr-McGee | Australia, was investigating a similar 

loan guarantees and a guaranteed floor | Chemical Corp. was the sole domestic | mineral sand deposit in the Greensville 
price for purchases from new capacity | producer of synthetic rutile, at Mobile, | County area, VA. Other companies ex- 
could be used, as authorized under the | AL. ploring for heavy mineral sand deposits 
Defense Production Act. Further diversi- Du Pont announced plans to begin | in the southern Virginia-eastern North 

fication of titanium into nonaerospace | mining ilmenite at a new location in | Carolina area included Du Pont and 
industrial applications would also help | Florida by 1992. The new mine site is at | Piedmont Mining Co. Inc. 
stabilize titanium demand. Maxville, on the northern extension of | 

Trail Ridge, about 15 kilometers (km) | Ferrotitanium 
north of Du Pont’s current operations Ferrotitanium was produced by. Ash- 

| On Trail Ridge. A Du Pont spokesper- | land Chemical Co., Columbus, OH; 
PRODUCTION son said the new mine site will support | HTP Co., Sharon, PA; Reactive Metals 

the company’s plans to expand TiO, | and Alloys Corp., West Pittsburg, PA; 
Concentrates production capacity by 50% to about | and Shieldalloy-GFE Corp., Newfield, 

U.S. producers of ilmenite in 1989 | 900,000 tons per year by the mid- | NJ. Most of the production consisted 
were Associated Minerals (USA) Ltd. | 1990’s. Du Pont said it will close por- | of the 70%-titanium grades. 
Inc. (AMU) at Green Cove Springs, | tions of one of the two Trail Ridge 
FL, and Du Pont at Starke and High- | mine sites now in use when operations | Metal 
land, FL. P. W. Gillibrand Co., Simi | at the new site begin. Oregon Metallurgical Corp. (Oremet) 
Valley, CA, reported initial commercial Renison Goldfields Consolidated Ltd. | completed construction of an eighth 
shipments of several thousand tons of | (RGC), Mineral Sands Div.-USA, was | reduction furnace, bringing its sponge 
ilmenite, produced as a coproduct of its | evaluating a mineral sand deposit located | production capacity to 5,400 tons per 
rock, sand, and gravel operations. in Dinwiddie and Sussex Counties, VA. | year. Oremet planned further expan- 

In December, Nord Resources Corp. | The deposit was said to contain 7.3 mil- | sion of capacity to 8,000 tons per year 
announced that production of heavy | lion tons of recoverable heavy minerals, | by March 1991. In November, RMI Co. 
minerals had begun at the newly com- | with ilmenite, leucoxene, rutile, and zir- | completed expansion of sponge pro- 

pleted processing facility of Nord Il- | con making up nearly 80% of the heavy | duction capacity at its Ashtabula, OH, 

TABLE2 _ 

U.S. TITANIUM METAL PRODUCTION CAPACITY IN 1989 

Yearend capacity 

Company Ownership Plant location (metric tons) 
Sponge Ingot! 

Howmet Corp., Titanium Ingot Div. Pechiney, France Whitehall, MI — 6,300 

International Light Metals Corp. Martin Marietta Corp., 60%; Nippon Torrance, CA — 5,000 
Kokan K.K., 40%. 

A. Johnson Metals Corp. Axel Johnson Group, Stockholm, Sweden. Lionville, PA — 21,800 

Lawrence Aviation Industries Inc. Self Port Jefferson, NY — 1,400 

Oregon Metallurgical Corp. Oremet employees, 67%; Albany, OR 5,400 10,000 
(Oremet) public, 33%. 

RMI Co. USX Corp., 50%; Quantum Chemical Ashtabula, OH 10,900 — 

Co., 50%. Niles, OH — 16,300 

Teledyne Allvac Teledyne Inc. Monroe, NC — 3,600 

Teledyne Wah Chang Albany do. Albany, OR — 900 

Titanium Metals Corp. of America Baroid Corp., 70%; Allegheny Henderson, NV 12,700 15,900 
International Inc., 30%. 

Viking Metallurgical Corp. Quanex Corp. Verdi, NV — 23,200 

Wyman-Gordon Co. Self Worcester, MA — 2,300 

Total 29,000 66,700 

' Based on 7-days-per-week full production. Inchides 61,700 tons vacuum arc double/triple melt, of which triple melt generally ranged from 10% to 30%. The remaining 5,000 tons was single-melt 

electron-beam capacity for remelt electrodes nd commercially pure ingot and slab. 

2 Single melt only. 
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facilities from 9,500 tons per year to TABLE 3 

about 11,000 tons per year. In Decem- | CQMPONENTS OF U.S. TITANIUM METAL SUPPLY AND DEMAND 
ber, Titanium Metals Corp. of America 
(TMCA) and a Japanese group signed (Metric tons) 
a memorandum of understanding pro- | 
viding for the financing, design, and Component 1985 1986 1987 1988 1989 
construction of a 10,000-ton-per-year | Production: | | 
titanium sponge plant utilizing proven Sponge 21,098 15,787 17,849 22,270 25,225 
vacuum-distillation technology. The Ingt = 32,103 31,836 33,762 38,856 41,306 
parties expected to, and did, reach a | “\innproducts.===~=~2=SO*~C=<=‘“‘<‘<‘<C~*S*‘“‘:;S!S!.OC*«*éNAOCONA CNA 27837 29,946 
definitive agreement during the first Exports! —ss—“‘CSé; OO~™~™~™~™~™~™~™O™OOO I EE SO 
quarter of 1990. The Japanese group, | —-—___"- 

. . . Sponge 46 63 85 80 136 
which will provide advanced technol- | ——2————@__ 
ogy and financing for the project, con- | —Otherunwrought 0 18B 204 210 1,173 
sists of Toho Titanium Co. Ltd. andits | _S@P_ 6183 5,809 5,083 5,989 5,474 
primary shareholders, Nippon Mining | _ Imgot, slab, sheet bar, etc, ss 2,039,922 92,467 = 2,083 2,702 
Co. Ltd., Mitsui and Co. Ltd., and Other wrought 1,041 1,027 1,801 2,679 NA 

Mitsui and Co. (U.S.A.) Inc. After Other articles of titanium NA NA - NA ___ NA_ 3,857 
production startup, expected by 1993, Total? 9,423 9,008 9,640 11,041 13,342 
the Japanese group will have the option | Imports: ! EE 
to acquire 25% of TMCA’s common -Sponee © 34,§§§ 4,475 924 1,364 903 
stock. The new sponge plant will be| “s,4,22=2=S*=*=é<“‘<CSC72C;OS!”*”*~<CS*”*«*dC« KSC NSS O22IB «4,235 5,308 
operated by TMCA in conjunction | tandbilet~~O~C*=“‘<‘=S*C‘“‘s~sSs*C‘ts‘“‘«t«‘CO:*C“‘C SCC TSC 
with its existing titanium sponge, ingot,  Otherunwrought.=====~S~S*~=~=<“—s~=S~*~*sSsSsSTT. NACA NA 119 
and research facilities in Henderson, | ——@@ —2—______ 
NV. _ Other wrought (mill products) 1,315 986 892 822 1,049 

RMI was making trial runs in its | _Otherarticles of titanium CC CUNA UNA NA NA _200 
pilot plant for producing titanium |_ Tol? 49704712 4,101 6,658 7,770 
metal by the Ginatta electrolytic proc- | Stocks, yearend: 
ess. RMI reported that initial results Government: Sponge (total inventory) 33,413 33,413 33,413 33,413 33,413 

from the extensively automated proc- Industry: 
essing system were promising, yielding Sponge 4,314 2,885 2,272 2,439 2,114 
products with low levels of oxygenand | Scrap —(i‘;S;*;*”*”*”*”*”*”*”*™*™*;”;!”!;!~*«dNOiON:«10,48S «(9212-8596 8,028 
metallic impurities. - ‘Ingot ==—ti(<‘ié;!!!!O!!!!!! «8629 3,719 4,044 3,933 3,548 

Teledyne Allvac, Monroe, NC, an-  Othr 31 30 14 8 7 
nounced in August that it had broken —“Jotal industry? S=<“~*“‘<CSstC<CSst 2ST «T1585 14.977 13.097 
ground for a continuous automated bar Oe meustry SSeS 
mill in Chester County, about 48 km | Reportedconsumption: 

| from Monroe. Allvac said the millisto | _Spomee «S901 :17,680 17,973 21,003 24,927 
be on-line in the fourth quarter of 1990 | _ Scrap, «3354 14,957 16,363 18,058 17,956 
and will be used to roll the superalloys Ingot 31,770 30,664 32,260 35,556 31,396 
and titanium alloys that the company Mill products (net shipments) 20,648 18,908 20,218 22,558 24,997 
produces. Allvac believes that when Forging and extrusion billet 11,188 9,637 10,968 10,694 11,742 | 

this project is completed, it will have Rod and bar 2,889 2,732 2,932 3,528 3,566 
the industry’s most cost-effective capa- | Other* i(i‘(Ct*”*”*”*”*”*”!”!”!”!”!”!”~”:C««STL:COC«« S39 «(6,318 8,336 9,689 
bility to meet increasingly demanding Castings (shipments) 348 + 385 + 431° «'473°~« 485 
requirements for the most consistent, rRevieed. NANotavailable. 

highest quality, super alloy and titanium 1 Because of the implementation of the Harmonized Tariff System in Jan. 1989, import and export categories for 1989 are not necessarily 

rod and bar products. a Data may not add te totale shown because of independent rounding. 

. e ee . 3 Excludes sponge imported for the national stockpile. 

Titanium Dioxide Pigments 4 Data for sheet and strip, plate, extrusions (other than tubing), pipe and tubing, and other have been combined to avoid disclosing 

Supply and demand for TiO, pig- | company Proprietary data. 
ments remained in close balance, and 
production facilities were generally op- 
erated at full capacity. U.S. producers 
increased capacity by about 125,000 
tons per year, using process optimiza- 
tion as well as major expansions. 

Kemira Inc., Savannah, GA, com- 
pleted a 50% expansion of its TiO, 
capacity to 145,000 tons per year. | 
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Du Pont was on schedule with its TABLE 4 

addition of 110,000 tons per year of | CAPACITIES OF U.S. TITANIUM DIOXIDE PIGMENT PLANTS ON 
new capacity at De Lisle, MS, to be DECEMBER 31, 1989! 
completed in 1990. Du Pont was also 
planning a 24,000-ton-per-year expan- | TT 
sion of its Altamira, Mexico, TiO, Company and plant location __Pigment capacity (metric tons per year) _ 
plant in 1990, and construction of new CS lfate process Chloride process _ 
60,000-ton-per-year plants during the | E-I.du Pont de Nemours & Co. Inc: 
next few years in Brazil, the Republicof | Antioch, CA _ 36,000 
Korea, and Taiwan. De Lisle, MS | — 155,000 

Kronos Inc. (formerly NL Chemicals Edge Moor, DE — 127,000 

Inc.) was proceeding with construction New Johnsonville, TN — 280,000 

of a new 82,000-ton-per-year chloride- | Kemira Inc., Savannah, GA 54,000 91,000 
process TiO, plant at Lake Charles, | Kerr-McGee Chemical Corp., Hamilton, MS __ — 96,000 
LA, scheduled for completion in 1991. SCM Chemicals Inc., Hanson Industries 

In December, Kerr-McGee announced | Us.A.: 

plans to build a new 54,000-ton-per-year | “Ashtabula,OH 2 2 8 8=)~——™” _ 109,000 
chloride-process TiO, plant ata U.S. site | “Batimor, MD 63,000 49,000 
to be determined later. Completion is — Toal 000 943,000. 

plannea for yearend 1992. "he able doesnot inca Hitox Corps Corpus Chris, TX, production capac of abou 18,000 tons per yar of Buf TiO, which 
SCM Chemicals Inc. announced is made by refining and fine-grinding of synthetic rutile. oe _ | ms ° 

around midyear plans to expand pro- 
duction at its Ashtabula, OH, plant by 
about 53,000 tons per year. use was pigments, 93%; metal, 4%; | level, exceeding the previous record set 

and other uses, 3%. in 1980 by about 380 tons. Sponge 
rE production also reached a new high, 

A RON ena am wrana | Ferrotitanium surpassing the previous peak reached in 
CONSUMPTION AND USES Consumption of titanium in the form | 1981. Consumption of scrap for remelt- 

of ferrotitanium and scrap for the man- | ing dropped slightly and supplied a 
Concentrates ufacture of steel and other alloys was | calculated 43.5% of ingot feedstock 

Total U.S. consumption of TiO, in | about the same as that of 1988. After | compared with 46.2% in 1988. Cast- 
concentrates increased about 10%, in | rising appreciably in 1988, demand for | ings shipments increased 2.5%. 
line with the increase in production of | ferrotitanium continued to rise early in Mill product shipments by product 
TiO, pigment and titanium metal. Il- | 1989, but declined later in the year. type were 47% forging and extrusion 

menite consumption decreased slightly, billet; 39% sheet, strip, plate, extru- 
while slag consumption increased 38% | Metal sions and other; and 14% rod and bar. 
and rutile consumption rose 4%. Dis- Net shipments of mill products in- | Estimated U.S. mill product usage by 
tribution of total consumption by end | creased 11% and reached a record-high | application was commercial aircraft, 

TABLE 5 

COMPONENTS OF U.S. TITANIUM DIOXIDE PIGMENT SUPPLY AND DEMAND 

(Metric tons unless otherwise specified) 

886 BF 8B 
Component Gross TiO, Gross TiO, Gross TiO, Gross TiO, 

weight content weight content weight content weight content 

Production 844,274 784,880 878,558 *820,810 926,746 858,166 1,006,581 935,919 

Shipments: ! 

Quantity 984,372 919,050 1,043,129 977 ,424 1,097,481 1,020,517 1,126,622 1,046,633 

Value thousands $1,530,225 $1,530,225 $1,700,644 $1,700,644 $1,954,656 $1,954,656 $2,352,390 $2,352,390 
Exports 101,811 ©92,992 108,889 ©99,748 118,422 © 107,409 212,197 193,311 

Imports for consumption 183,863 “170,928 174,219 © 162,767 185,468 ©171,743 166,346 © 154,669 

Stocks, yearend 69,759 64,851 47,478 44,358 49,734 46,053 63,205 © 58,768 

Consumption, apparent” 908,055 © 845,176 966,169 ©904,322 991,536 ©920,805 947,259 “884,562 

*Estimated. * Revised. 

‘Includes interplant transfers. 

2 Production plus imports minus exports plus stock decrease or minus stock increase. 

Sources: Bureau of the Census and Bureau of Mines. 
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TABLE 6 

U.S. CONSUMPTION OF TITANIUM CONCENTRATES 

(Metric tons) 

| Iimenite ! Titanium slag (natural and synthetic)? 

‘ear Gross TiO, Gross TiO, Gross TiO, 
weight content ° weight content ° weight content ° 

1985 685,896 436,366 | 228,635 181,083 276,944 259,898 

1986 731,436 465,136 250,677 201,358 298,601 280,669 

1987 744,266 463,072 251,423 202,688 320,505 301,534 

1988 © — OO OO — — 
Alloys and carbide (7) ) (*) (4 — — 

Pigments 678, 169 429,147 300,013 242,594 279,591 262,998 

Welding-rod coatings and fluxes ) (?) — — 3,946 3,737 

Miscellaneous > | 839 590 (*) 4 68,819 64,641 

Total® 679,008 429,736 300,013 242,594 352,356 331,376 

Alloys and carbide 2) ) (‘) (‘4 — — 

Pigments 659,048 419,329 414,830 335,395 286,558 271,208 

Welding-rod coatings and fluxes ) ?) — — 3,807 3,603 

Miscellaneous > 536 414 (*) (‘) 75,778 71,178 

Total © 659,584 419,743 414,830 335,395 366,143 345,989 

© Estimated. 

‘Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 

2 Includes synthetic rutile made in the United States. 

3 Included with “Miscellaneous” to avoid disclosing company proprietary data. 

4 Included with “Pigments” to avoid disclosing company proprietary data. 

*Inchaides ceramics, chemicals, glass fibers, and titanium metal. 

® Data may not add to totals shown because of independent rounding. 

42%; military aerospace, 38%; chemi- 

cal industry, including pulp and paper, | 
10%; powerplant condensers, 5%; na- 
val and other marine uses, 2%; medical ‘TABLE 7 

implants, 1%; and other uses, mainly U.S. DISTRIBUTION OF DOMESTIC TITANIUM PIGMENT 
oil drilling, flue-gas desulfurization, SHIPMENTS, TITANIUM DIOXIDE CONTENT, BY INDUSTRY! 
and automotive, 2%. 

Current use of titanium in large com- (Percentage) 
mercial aircraft represents about 6% of |_ 
aircraft empty weight. Titanium is uti- Industry 1985 1986 1987 1988 1989 
lized where high-strength toughness, | Ceramics WwW Ww WwW 0.4 0.4 

heat resistance, and high structural ef- | Coated fabrics and textiles 0.4 0.4 0.3 WwW 4 
ficiency are required. Typical aircraft | Floor coverings Ww 9 1.2 1.2 1.1 

uses are for structural forgings, such as | paint, varnish, lacquer 54.3 52.6 49.5 48.1 50.0 
the landing gear beam in the Boeing| pi ttst=“‘i‘i‘=~*™*«OSS 20.7 24.3 14.2 25.8 

| 7157; wing skins for the F-14 and F-15 | pi sics 16.2 15.8 17.0 17.0 16.3 
fighter aircraft; rotor parts for helicop- | ———--_____ 8 
ter systems; B-1B fracture-critical forg- Printing im 1.0 14 12 M7 
ings and wing support sections; and | Roofimgsranules Ma 4 4 4 3 
rotor discs and compressor blades in | Rubber 1.7 2.0 1.8 1.7 1.4 
various engines. Major nonaerospace | Other —__ 5.9 _ 5.8 _ 43 _ 353 _ 3.5 
industrial uses are mainly those requir- | __ Total 100.0 100.0 100.0 100.0 100.0 
ing super ior IT esistance to corrosion. W Withheld to avoid disclosing company proprietary data; included in “Other.” 

1 Data coverage beginning in 1986 was extended to include additional major importers. 

Pigment 

Apparent domestic consumption of 
TiO, pigments was about 947,000 tons, 
4.5% less than in 1988, despite full- 
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TABLES FOREIGN TRADE 
U.S. CONSUMPTION OF TITANIUM PRODUCTS’ a. 

IN STEEL AND OTHER ALLOYS 
Exports of TiO, increased an unprec- 

(Metric tons) edented 73%, making the United States 
a net exporter of TiO, for four consec- 

1985 1986 1987 1988 1989 | utive quarters. Net exports of TiO, 

Carbon steel 438 664 711 877 w | were about 46,000 tons, amounting to 

Stainless and heat-resisting steel 1,909 1,982 2,229 2,742 2,647 | 4.5% of production. The record-high 

Other alloy steel (includes HSLA) 445 269 325 249 149 | exports were made possible by recent 
Toolstel Ww Ww Ww WwW w | increases in production capacity and a 

Total steel? 2,792 2,916 3,265 3,868 2,796 sen easing of domestic demand, with 

Cations 1 59 w wW wW igh prices in other countries providing 

a extra incentive. 
| Superalloys 596 572 625 642 800 

Alloys, other than above 324 292 290 1,552 873 

Miscellaneous and unspecified __ 16 32 _ Al __ 34 1,600 WORLD REVIEW 

Total consumption” 3,749 3,871 4,221 6,116 6,069, |§ — 

Ww Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 

_ Includes ferrotitanium containing 20% to 70% titanium and titanium metal scrap. Worl d pro ducti on of TiO, in concen- | 

Data may not add to totals shown because of independent rounding. trates rose about 6 A in 19 g 9. Seve ral 

heavy mineral projects were announced, 

capacity operation of U.S. TiO, pig- | Prices in response to the continued high | and progress was made on projects al- 

ment plants. The slight easing of do- | demand, but the volume of material | ready underway. World demand for TiO, 

mestic demand made a larger part of | sold at these inflated prices was be- | pigments remained at record-high levels, 
production available for exports. lieved to be relatively small. Titanium | estimated at about 3.0 million tons, and 

dioxide pigment prices were reportedly | estimated production capacity increased 
| significantly higher in other countries | about 5%. 

STOCKS than in the United States. Titanium metal production in the mar- 
Sa ket economy countries increased 19% to 

| nearly 48,000 tons, reflecting continued 

A 39% increase in the TiO, content growth in demand in the United States, 

of ilmenite stocks was largely offset by TABLE 9 Europe, and Japan. 

a 25% decrease in stocks of titanium 

slag. Stocks of rutile rose 33%, so that c ONCENTRATES. FAD SIGMENT Industry Structure 

total stocks of TiO, in concentrates DECEMBER 31 ’ The titanium industry is moderately 

rose 15%. Stocks of TiO, pigment in- integrated from raw materials to semi- 

creased 27% to about 63,000 tons, a (Metric tons) finished products. The world’s largest 

24-day supply. TiO, producer, Du Pont, obtains il- 

—_ Gross. ~StésTH._- |-Meennite, rutile, and leucoxene from its 

a weight content | Own mines in Florida and from various 

PRICES Ilmenite: ! suppliers in other countries, mainly 

—_——__—#!_—!———————— |} “1987 —(<it«‘;~*‘*CN28«094 120,016 | Australia. NL Industries (formerly Na- 

. —yos8.~SO~*~*~<Cs~Ss*~*«~«~TB'TID--—~S~*«*BSTIIU tional Lead Co.) for many years has 

Prices of ilmenite rose slightly, and —4989.~—SOS~SO””«286,679_—«*13 7,643 supplied ilmenite to its European pig- 

rutile prices increased about 2.5% in ——___—__—_—————— | ment plants from its mine at Tellnes, 

1989, compared with increases in 1988 Titanium slag: Norway. Since 1987, a smelting plant at 

of 42% and 24%, respectively. Tita- 19879, 554 98,994 Tyssedahl, Norway, has been process- 

nium slag prices rose about 10%. 1988 «129,537 105,429 | ing part of the Tellnes ilmenite to pro- 

Prices of titanium sponge increased 1989 96,067 78,078 | duce titanium slag for the same market. 

about 12%, while those of titanium | Rutile:' From 1942 through 1983, NL Industries 

mill products rose by an average of 1987 107,642 99,987 | operated an ilmenite mine at Tahawus, 

about 10%. Titanium scrap prices rose 1988 117,751 108,339 | NY, that supplied its two U.S. pigment 

early in the year, but fell considerably 1989 155,024 144,618 | Plants, one of which was closed in 1978 

in the second half in response to declin- | Titanium pigment:2=S—*=<“<i~‘<CS*;*‘*Y:CA:éCthe” other in 1982. The Tioxide 

ing demand for ferrotitanium. —j987,—=t«“‘CS*‘«K «AT £44,358 Group PLC, United Kingdom, owns a 

Titanium dioxide pigment prices in- | jos. ~~ 492«734.-—-°46,053 40% share of Westralian Sands Ltd. in 

creased 5 cents to 6 cents per pound in —Tos9 20s 8.767 Australia. In 1989, Hanson Industries 

the second quarter, and edged a little |§ —— ——H—_———__——_ PLC, United Kingdom, owner of SCM 

higher by yearend. There were reports | ip cares consumer, and dealer stocks Chemicals Inc., acquired a 49% interest 

of “gray-market” sales at much higher | Bureau of the Census. Producer stocks only. in Renison Goldfields. Consolidated 
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TABLE 10 The United States accounts for about 
PUBLISHED PRICES OF TITANIUM CONCENTRATES 25% of the world’s sponge production 

AND PRODUCTS capacity. Major U.S. sponge and ingot 
producers during 1989, their owner- 

a TS eT ship, location, and approximate annual 
TF Cr TT —— | capacities are shown in table 2. 

Concentrates; Overseas sponge producers and their 
Iimenite, f.o.b. eastern U.S. ,, | Shares of the total world capacity of 

—poris_________t_o_—permetricton COCO aout 116,000 tons in 1989 were the 
_iimenite, Rob. Australian ports ___do.___—‘$64.00-$77.00_$67.00-$75.00 | Ig. sR. 45%; Japan, 23%: the United 

Ilmenite, large lots, bulk, f.o.b. : Kingdom, 4%: and China, 3%. 

—US.eastcoast dA CNA Titanium dioxide pigment output in 
__Rutile, bagged, f.o.b. Australian ports do. 547.00-572.00 ————_553.00-632.00 27 countries in 1989 came from about 

| Rutile, bulk, fob. Australian ports do. 499.00-542.00 5 14.00-553.00 | 69 separate facilities ranging in annual 
Rutile, large lots, bulk, f.o.b. capacity from a few thousand tons to 

_US.eastcoass do NA____540,00-550.00 280,000 tons. The United States ac- 
_Synthetic rutile, f.o.b. Mobile, AL do CNA CNA. | cnt for 33% of the world’s TiO, 

Titanium slag, 80% TiO,, f.o.b. pigment capacity, followed by the Fed- Sorel, Quebec * do. 235.00-255.00 260.00-280.00 eral Republic of Germany, 10%; Ja- 
Titanium slag, 85% TiO., f.o.b. . : : . __Richards Bas, Republic of South Africa’ da, ___—_280.00-278.00 __275.00-300,00 | Pat OY; the, United Kingdom, 8%; 

Meta The world’s four largest TiO, pigment 
_Sponge, reported sales Per pound = 4.25- 4.75 4.80-_ 5.30 | producers are Du Pont, with four plants 

Sponge, Japanese, under contract, in the United States and one in Mexico, | 
__¢:lf, US. ports, including import duty do. No quotation No quotation and an annual capacity of about 650,000 
_Millproductss tons; Tioxide, with two plants in the 

Bar do. 10.50- 11.50 12.56- 16.54 | United Kingdom and facilities in Austra- 
Billet do. 7.75 8.87- 12.96 | lia, Canada, France, Italy, Spain, and 
Plate do. 10.70- 12.50 13.07- 15.20 | South Africa, and an annual capacity of 
Sheet do. 8.75- 9.25 10.50- 11.03 | 510,000 tons; SCM Chemicals, with 
Strip do. 10.25- 10.60 10.50- 11.32 | plants in the United States, the United 

Scapr Kingdom, and Australia, and an annual 
Cuttings, commercially pure do ~—-2.50 2.65 4.50- 4.66 | Capacity of 430,000 tons; and Kronos 

_Turnings, commercially pure do. «2.50 2.60 «4.02 4.18 | Inc-, with plants in Belgium, Canada, _Turnings, unprocessed dos 22.50 2.732 3.05 | NE ReucTal Republic of Germany, and 
ee Fodde Dn Fa 310,000 tons. 
itanlum dioxide pigment, f.0.D. 1 1 _US.plans,anaase "ds 85.102 |g WS: companies, mainly Du Pont, 

"US. plants rutile do. 95-97 1.04- 1.05 | OF control nearly half of the world |. CHiocimaicd, Duk Not ealeube tr productive capacity for TiO, pigments. 
| Vearend. Tioxide controls about 16%. An esti- 
List price suspended effective Jan. 1, 1985. mated 7% is owned by Governments of 
Sources: American Metal Market, American Paint and Coatings Journal, Chemical Marketing Reporter, Industrial Minerals (London), | COUNtries with centrally planned econ- 
Metal Bulletin, Metals Week, and industry contacts. omies. The remaining 30% is princi- 

pally owned by large chemical firms or 
groups such as Bayer AG of the Federal 
Republic of Germany, Ishihara Sangyo 

Ltd., the major producer of titanium None of the sponge metal producers | Kaisha Ltd. (ISK) of Japan, and Ke- 
minerals in Australia. Also in 1989, a | outside the U.S.S.R. or China owns its | mira Oy of Finland. 
joint venture between Minproc Holdings | own titanium mine. Titanium Metals Major U.S. producers of TiO; pig- 
and Kerr-McGee was established to de- | Corp. of America (TIMET) purchases | ments during 1989, their ownership, an- 
velop integrated operations in Western | Australian rutile and manufactures | nual Capacities, and plant locations are 
Australia involving the mining and con- | TiCl,, the intermediate compound uni- | shown in table 4. 
centrating of ilmenite, processing of the | versally used for commercial produc- 
ilmenite to make synthetic rutile, and | tion of titanium metal. The other two | Capacity 
manufacture of TiO, from the synthetic | U.S. titanium metal producers purchase The data in table 15 are rated capac- 
rutile. Nearly all of the remaining TiO, | TiCl, from a TiO, pigment manufac- | ities for mines and benefication plants, 
pigment manufacturers buy their raw | turer. Titanium mineral raw materials sponge metal facilities, and TiO, pig- 
materials from independent producers of | are purchased also for use in welding | ment plants as of December 31, 1989. 
titanium concentrates. rod coatings, chemicals, and fiberglass. | Rated capacity is defined as the maxi- 
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TABLE 11 

U.S. EXPORTS OF TITANIUM PRODUCTS, BY CLASS’ 

| | 1987 1988 1989 
Class Quantity Value Quantity Value Quantity Value 

| (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Metal: 

Sponge 85 $746 80 $574 136 $910 

Scrap 5,083 9,721 5,989 23,374 5,474 22,909 

Ingots, billets, slabs, etc. 2,467 44,203 2,083 33,312 NA NA 

Other unwrought 204 2,254 210 1,480 NA NA 

Billet | NA NA NA NA 1,128 21,765 

Blooms and sheet bars NA NA NA NA 1,240 27,630 

Ingot NA NA NA NA 334 5,471 

Other NA NA NA NA 1,173 8,906 

Wrought 1,801 40,534 2,679 71,958 NA NA 

Bars and rods NA NA NA NA 1,848 49,969 

Other NA NA NA NA 2,009 60,542 

Total? 9,640 97,458 11,041 130,698 13,342 198,102 

Ores and concentrates 4,023 1,395 9,368 3,729 19,832 5,900 

Pigment and oxides: Sc oO 

Titanium dioxide pigments 108,889 181,707 118,422 219,237 68,485 141,359 

Titanium oxides NA NA NA NA 143,712 296,286 

Titanium compounds, except | 

pigment-grade 11,819 28,478 4,478 14,885 NA NA 

Total? 120,708 210,185 122,900 234,122 212,197 437,645 

NA Not available. | 
1 Because of the implementation of the Harmonized Tariff System in Jan. 1989, export categories for 1989 are not necessarily comparable with those in prior years. 

2Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 

mum quantity of product that can be | base data for titanium are shown in | resource data in table 16 and 17 were 

produced in a period of time at a | tables 16 and 17. US. reserves of 7.8 | derived from MAS reports. 

normally sustainable long-term operat- | million tons of TiO, in ilmenite and Major titanium reserves in the United 

ing rate, based on the physical equip- | 300,000 tons of TiO, in rutile occur | States are owned by Du Pont and AMU 

ment of the plant, and given acceptable | mainly in ancient beach sand deposits in | in Florida. Reserves in Australia are held 

routine operating procedures involving | Florida. Ilmenite concentrates from the | mainly by Associated Minerals Consoli- 

labor, energy, materials, and mainte- | U.S. sand deposits contain about 60% to | dated Ltd. (AMO), a subsidiary of Ren- 

nance. Capacity includes both operat- | 65% TiO., while those from rock depos- | sion Goldfields Consolidated Ltd., Con- 

ing plants and temporarily closed facil- | its contain 45% to 50% TiO,. The U.S. | solidated Rutile Ltd., Westralian Sands 

ities that, in the opinion of the author, | reserve base of 34.7 million tons of TiO, | Ltd., and Cable Sands Ltd. Reserves at 

can be brought into production within | occurs as 23.5 million tons in ilmenite, | Allard Lake, Quebec, Canada, are held 

a short period of time and with mini- | 9.8 million tons in perovskite (CaTiO;), | by QIT-Fer et Titane Inc. (QIT), now a 

mum capital expenditure. | and 1.4 million tons in rutile. subsidiary of RTZ Corp. PLC. QIT also 

Mine and mill capacity for the pro- Other U.S. resources include addi- | has a 50% interest in Richards Bay min- 

duction of titanium concentrates, metal | tional rock deposits of ilmenite in Cal- | eral sands deposits in the Republic of 

production plant capacity, and TiO, | ifornia, Minnesota, New York, and | South Africa. Major deposits in Brazil, | 

pigment plant capacity are generally | Wyoming, and sand deposits of il- | India, and Sri Lanka are held by the 

based on close to 365-days-per-year op- | menite and/or rutile in Georgia, Idaho, | respective Governments. NL Industries 

eration, three shifts per day. Capacity | New Jersey, North Carolina, Oregon, | controls Titania/AS, owner of the large 

figures are based on information ob- | and South Carolina, as well as large | hardrock deposit at Tellnes, Norway. 

tained from the producing companies, | quantities of accessory rutile in por- 
from news items, and from Bureau of | phyry copper ores and mill tailings. Adequacy of Reserves 
Mines estimates. The Bureau of Mines is compiling a U.S. reported consumption of TiO, 

computerized file of worldwide mineral | in concentrates in 1989 was 1,101,000 

Reserves deposit data called the Minerals Avail- | tons. At this annual consumption rate, 

U.S. and world reserves and reserve | ability System (MAS). Most of the | U.S. reserves of 8,100,000 tons would 
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| be sufficient for only about 7 years, | Australia Holdings Ltd. were proceeding with the 
without imports. However, at the cur- RGC announced that its subsidiary, | Cooljarloo Joint Venture in Western 
rent level of import reliance, 71% of | AMC Mineral Sands Ltd., will develop | Australia. The project will involve oper- 
reported consumption, these reserves | the Enneaba West mineral sands de- | ations at three separate locations: mining 
would provide a 25-year supply of tita- | posit 5 km west of AMC’s Enneaba | and wet concentration of the ore at Cool- 
nium. The U.S. reserve base of 35 | operations in Western Australia. An- | jarloo, 170 km north of Perth, which 
million tons TiO, content is equivalent | nual production is expected to be | began in late 1989; a dry-separation plant 
to 32 times the 1989 domestic con- | 180,000 tons of ilmenite, 41,000 tons of | and asynthetic rutile plant at Muchea, to 
sumption level. rutile, and 68,000 tons of zircon, with | begin operation in the first half of 1990; 

Production and consumption of | plant startup planned for early 1991. | and a TiO, pigment plant at. Kwinana, 
TiO, in concentrates in 1989 in the rest | AMC also planned to expand synthetic | scheduled for completion in early 1991. 
of the world was about 4.1 million | rutile production capacity at its Narn- | Planned annual production capacities 

| tons. World reserves of TiO, shown in | gulu facility from 112,500 tons per year | were 130,000 tons of synthetic rutile and 
table 17 total 289 million tons, or 70 | to 260,000 tons per year by 1992. 54,000 tons of TiO, pigment. 
times 1989 world consumption. Partners Kerr-McKee and Minproc 

TABLE 12 

U.S. IMPORTS FOR CONSUMPTION OF TITANIUM CONCENTRATES, BY COUNTRY! 

1987 1988 1989 

Concentrate and country Quantity —s Value — Quantity  —- Value Quantity —s'Vailue ~~ 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Ilmenite: 

Australia 302,567 $10,640 348,364 $16,657 317,835 $20,335 

Ghana? — — 3,291 178 — _ 
India 4,948 1,341 — — _— — 
Sierra Leone — — 21,516 1,625 52,261 2,895 

Sri Lanka — — 21,000 1,029 30,400 1,672 
St. Pierre and Miquelon | _ — — — 11,255 598 

Total? 307,515 11,981 394,170 19,489 411,751 25,500 
Titanium slag: oo OO a CO an 

Canada 199,004 41,625 222,626 48,597 117,609 25,260 
South Africa, Republic of 209,781 41,381 212,015 44,292 268,537 59,851 
Total 408,785 83,006 434,641 92,889 386,146 85,111 

Rutile, natural: a SO OO a a an 
Australia 102,284 41,199 99,934 44,546 108,380 54,213 
Canada — — — — 82 28 

Mexico — — — — 1,050 35 
Sierra Leone 17,318 6,668 36,165 16,163 32,793 17,294 

South Africa, Republic of 26,204 9,542 18,051 6,167 46,252 19,591 
Other 5 3 198 23 68 554 

Total? | 145,812 57,412 154,348 66,899 188,625 91,715 
Rutile, synthetic: a a OO OO a a 

Australia 46,014 12,021 62,281 20,462 64,190 22,517 
China 92 34 32 13 — — 

India 2,927 1,127 8,007 3,203 9,101 4,179 
Japan 3,085 1,497 6,456 3,372 2,979 1,515 
Netherlands 6 22 — — (*) 2 

Total? 52,125 14,701 76,776 27,050 76,270 28,213 
Titaniferous iron ore:* 

Canada 11,928 757 24,802 1,534 37,922 1,876 
' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those in prior years. 
2 Country of transshipment rather than country of origin. 

3 Data may not add to totals shown because of independent rounding. 
‘Less than 1/2 unit. 
Includes materials consumed for purposes other than production of titanium commodities, principally heavy aggregate and steel-furnace flux. 

Source: Bureau of the Census. Data adjusted by the Bureau of Mines. 
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TABLE 13 
Brazil U.S. IMPORTS FOR develop a mineral sands deposit 15 km 

Compania Vale Do Rio Doce was pro- CONSUMPTION OF TITANIUM north of Angoche. Initial production 

gressing with plans to construct a plant PIGMENTS. BY COUNTRY | was expected in the spring of 1992, with 

to produce 300,000 to 500,000 tons per - annual production of about 420,000 

year of 90%-TiO, anatase concentrate. (Metric tons) tons of ilmenite, 8,000 tons of rutile, 
A large part of the anatase plant product | ————-----___—_ | 37, 000 tons of zircon, and about 1,000 

was reportedly committed to Du Pont, __ 1989 tons of monazite. 

including feed for a proposed 60,000- Country “metric (how. | 
ton-per-year TiO, pigment plant in Brazil tons) sands) | sierra Leone 
to be completed in 1993-94. 80% ormore”-”™ In May 1989, International Gold and 

titanium dioxide: Minerals NL and MC Mining NL of 
Canada ) Australia.” 1,281 $2,281 | Australia signed an agreement with the 

At yearend, QIT announced that it Belgium” 7,663 12,047 Government of Sierra Leone to develop 

will increase its production capacity of Canada —-25.608 38.081 | 2 rutile-bearing mineral sand deposit 

80%-TiO, slag at Sorel, Quebec, to Chin L 434 L 367 about 60 km east of Freetown. A pre- 

about 1.1 million tons per year by —— ° ° liminary feasibility study was said to 

September 1990. _Finland 2,432 4,536 | indicate possible production of 56,000 

| _France 3,015 6,108 | tons per year of rutile, 83,000 tons per 
Japan Germany, Federal year of ilmenite, and 6,000 tons per 

ISK, the largest TiO, producer in __Republicof 20,595 35,109 year of zircon. Reserves of 146 million 

Japan, was reportedly expanding its | Japan. 35932 7,731 | tons of ore grading 0.6% rutile, 0.8% 
facilities in Yokkaichi by a few percent | _ Netherlands 1,611 3,002 | ilmenite, and 0.06% zircon were delin- 

to about 50,000 tons per year by the Norway 744 1,044 | eated in the 1970’s by a joint-venture 

chloride process and 96,000 tons by the Singapore 4,323 6,241 | partnership between Bayer AG and | 

sulfate process. United Kingdom 956 1,883 | Preussag AG, Federal Republic of Ger- 

Japan has been outstanding in the Other 435 363 | many, when mineral sand markets were 

development of innovative, nonaero-|~ ol ~~—~—~°73«989'~Ss«120,793 | lepressed. 
space applications for titanium. In early | Oinertitanium 2 ti(“CStSS —= | 
1989, Suisman Titanium Corp. pub- | dioxide: Singapore 
lished a review and listing of titanium | Belgium —«™*” 1,601 2,618 In April, ISK began operation of the 

usage in Japanese buildings, which to- | “Ginga (i(it~™S 3,629 5.904 | first phase of its new chloride-process | 

talled about 180,000 kilograms in 1987 France —~SC~«*N‘S*« 382 313 65 TiO, plant at Tuas, Singapore. Initial 

and 113,000 kilograms in 1988.! ——e : " production capacity is 36,000 tons per 

Titanium sponge metal production in Germany, Federal year, and ISK was reportedly consider- 
Republic of 5,220 11,885 | - 

Japan rose 17% to about 21,000 tons. At “tay ~OCOtC=CS~S 6.075 10.717 | 1g 4 second phase of plant construc- 

yearend, producers were planning further Norway > 302 3, 400 tion that would double capacity to 

increases in production rates. i , , 72,000 tons per year. 
South Africa, 

Madagascar __Republicof 706 1,522 | Spain 
, Spain 16,020 27,673 . . 

QIT’s plans for development of a | ———_______ Tioxide approved expansion of its 

mineral sands deposit near Fort Dau- __United Kingdom __ 7,125 12,489 TiO, plant at Huelva, Spain, operated 

phin were extended somewhat, with |_Other ss 327 __ 825 | by Tioxide Espana SA, from 60,000 to 
mining expected to begin in 1993-94. Total 59,057 98,418 | 80,000 tons per year, in response to 

: Titanium oxide: demands from the domestic market. 

Malaysia Australia 225 409 

Tioxide was on schedule with plans Belgium 100 ag}, 

for construction of a 50,000-ton-per- | Canada 15,752 24,7771 | CURRENT RESEARCH 
year TiO, pigment plant in Malaysia, | Ching ti—t«*S 553 - gg | —: OT TTT 
to be completed by yearend 1991. Finland 860 1,546 

Frnce 5.058 9.056 As part of a Bureau of Mines pro- 

Mexico Sa gram to develop a more continuous 
Du Pont announced plans for a “Repub Federal 21 993 | titanium metal process that utilizes do- 

24,000-ton-per-year expansion of its jJapan—t—~=~CS~S 709 1.781 mestic resources, a study was made of 

chloride-process TiO, pigment plant in | ————————___ ° the kinetics of hydrofluoric acid (HF) 

Altamira. Completion is scheduled for Mexico 671 1,789 leaching of New York rock ilmenite. 

1990, with plant capacity of 79,000 _United Kingdom 8,770 15,237 | The leaching rate was found to be 

tons per year. _ Yugoslavia 214 711 | linearly dependent on the HF concen- 

| _Othr iC 207 «473 | tration and inversely proportional to 

Mozambique Total 33,300 57,929 | the average starting diameter of the 
Kenmore Resources PLC, Dublin, Grand total 166,346 277,140 | ilmenite particle. Using 19 molar HF at 

Ireland, was progressing with plans to | source: Bureau of the Census. 45° C, 99% of the titanium and 100% 
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TABLE 14 

U.S. IMPORTS FOR CONSUMPTION OF TITANIUM METAL, BY CLASS AND COUNTRY! 

1987 1988 1989 

Class and country Quantity Value Quantity Value - Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

Unwrought: 

| Sponge: . 

China | | 16 $54 390 $2,656 225 $1,709 
Japan 907 6,252 949 7,668 649 6,203 
United Kingdom — — 23 172 9 109 
Other ~Q4 15 3 27 20 160 

‘Total? 924 6,321 1,364 10,523 903 8,181 
Waste and scrap: oO nn a — a 
Austria 281 673 433 1,597 142 1,209 
Belgium-Luxembourg* 135 206 63 175 8 50 
Canada 142 280 345 1,539 480 3,517 
China 64 112 145 981 173 1,225 

France 212 631 180 1,157 216 1,451 

Germany, Federal Republic of 193 694 406 2,609 303 2,719 

| Japan : 547 1,893 1,903 10,181 2,121 15,482 | 
Salvador — — — —_ 111 736 

Sweden — — — _ 87 587 
United Kingdom 467 1,641 557 3,619 919 9,204 
U.S.S.R. — — — — 524 4,007 

Other 176 449 204 1,005 . 224 1,711 
Total? 2,218 6,579 4,235 22,863 5,308 41,898 

Ingot and billets: OO an a a DC a 
| Germany, Federal Republic of 13 245 17 629 — — 

Hong Kong — — — — 86 713 

Israel 11 338 11 342 — oo 
Japan 42 436 61 740 36 527 

United Kingdom 1 29 137 1,300 68 862 

Other "2 "63 "11 "152 _— — 

Total? 69 1,111 237 3,011 190 2,102 

Powder: OO — OO a ne 

Israel NA NA NA NA 31 887 
Other NA NA NA NA 6 374 

Total NA NA NA | NA 37 1,261 

Other: 5 Oo an a a Oo a 

China NA NA NA NA 35 95 

United Kingdom NA NA NA NA 33 433 

Other NA NA NA NA 14 4,445 

Total NA NA NA NA 82 4,973 
Wrought titanium: © OO a a CO 

Canada 351 7,112 298 5,548 638 14,693 

France _— —_— _ — 17 516 
Germany, Federal Republic of 42 463 78 1,012 25 792 

Japan 435 6,683 355 6,117 474 11,671 

Sweden — — — — 16 3,165 
United Kingdom 39 790 65 1,884 56 1,584 

Other 24 698 26 1,178 24 1,664 
Total 3 891 15,747 822 14,743 1,250 34,085 

"Revised. NA Not available. 
' Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily comparable with those in prior years. 
* Less than 1/2 unit. 
3 Data may not add to totals shown because of independent rounding. 
4 For 1987 Belgium and Luxembourg combined, data not available to separate; 1988 and 1989 data for Belgium only. 
> Includes blooms, sheet bars, slabs, and other unwrought. 
© Includes bars, castings, foil, pipes, plates, profiles, rods, sheet, strips, tubes, wire, and other. 

Source: Bureau of the Census. 
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TABLE 15 

WORLD TITANIUM ANNUAL PRODUCTION CAPACITY, DECEMBER 31, 1989 

(Thousand metric tons of TiO, content of concentrates, gross weight of sponge (over 99% Ti), and gross weight of pigment [average about 95% TiO,]}} 

a 

, , Rutile, Sponge TiO, pigment 
Hmenite Rutile synthetic metal Sulfate! Chloride? Total 

North America: 

Canada 3830 — — — 74 38 112 

Mexico — — — — — 55 55 

United States 210 26 100 29 117 943 1,060 

Total | 1,040 26 100 29 191 1,036 1,227 
South America: Brazil | 83 415 — — 55 — 55 

Europe: — ~~ — — Oo ~ 

Belgium — — — — 70 — 70 

Czechoslovakia — — — — 22 — 22 

Finland — — — — 80 — 80 

France — — — — 225 — 225 

Germany, Federal Republic of — — — — 240 80 320 

Italy — _— — — 75 — 75 

Netherlands — — — — 38 — 38 

Norway 450 — — — 27 — 27 

Poland — — — — 36 — 36 

Spain — — — — 65 — 65 

U.S.S.R. 250 10 — 52 100 — 100 | - 

United Kingdom — — — 5 136 128 264 

Yugoslavia — — — — 28 — __ 28 

Total 700 10, — 57 1,142 208 1,350 
Africa: OO ~— — an Oo OO oe 

Sierra Leone 35 120 — — — _ _— 

South Africa, Republic of 5640 56 — — 35 —_ __35 

Total 675 176 _ — 35 — 35 
Asia: a ~— — OO a OO — 

China 90 — — 3 25 — 25 

India 200 19 138 — 12 22 34 

Japan — — 46 27 256 44 300 

Korea, Republic of —_— — — — 18 — 18 

Malaysia 275 — 46 — — — — 

Singapore — — — — — 36 36 

Sri Lanka .80 13 — — — — — 

Taiwan — — — — 10 — 10 

Thailand 16 — — — — — = 

Total 661 320 230 30 321 102 423 

Oceania: Australia 1,100 260 250 — 63 70 __ 133 

World total (may be rounded) | ~ 4,260 _ 520 ~ 580 | 116 ~ 1,800 ~ 1,420 — 3,220 

1 Sulfate process. 

2 Chloride process. 
3 Contained in 80% TiO, slag made from ilmenite. 
4 Mainly anatase. 
5 Contained in 85% TiO, slag made from ilmenite. 

Source: Technical publications, especially Industrial Minerals; industry contacts; and Bureau of Mines estimates. 
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TABLE 16 of the iron in the ilmenite were leached 
U.S. TITANIUM RESERVES AND RESERVE BASE IN 1989 in 40 minutes.” The HF leach solution 

: (Thousand metric tons of TiO, content) was treated by solvent extraction to 
remove iron, and calcium carbonate 

Reserves | Reserve base! was added to form calcium fluorotitan- 
ss eniteand --Rutileand. =... | ate (CaTiF,), which was precipitated b 

Iimenite = Rutile Total ‘perovskite: : “anatase? Total casoration” Limited eduction tests 
Arkansas _ — — — 200 200 | were carried out on the CaTiF, in in- 
California tt—™S _ _ _ 600 _ 600 | duction slag casting and melting fur- 
Colorado t—~—CS~S _ _ _ 9,800 _ 9,800 | naces. Complete reduction to metallic 
Florida 7,800 300 —-8, 100 7,800 300 3,100 | Htanium and calcium fluoride was 
NewYork _ _ _ 7,900 _ 7,900 achieved, with the metallic titanium 
Tennessee _ _ _ 5.600 900 6,500 finely disseminated throughout the slag. 
Vigna _ _ _ 1 600 _ 1 600 The Bureau of Mines studied a 

sO | ulfate-fluoride system to process Col- 
__Total United States____7,800_ 300 8,100 33,300 1,400 34,700 | prado perovskite to recover potassium 

' The reserve base includes demonstrated resources that are currently economic (reserves), marginally economic (marginal reserves) and fluorotitanate. This double S alt, after 
some of those that are currently subeconomic (subeconomic resources). . ° ° 
2 Iimenite except for the 9.8 million tons in Colorado perovskite. , . washing and dry ing, was subj ected to 

3 Rutile except for the 200,000 tons in Arkansas anatase. 

| TABLE 17 | , 
| WORLD TITANIUM RESERVES AND RESERVE BASE IN 1989 

(Thousand metric tons of TiO, content ') 

| Reserves Reserve base” 

tmente Rutland touting ang Rute and to 
North America: 

Canada 27,000 — 27,000 73,000 — 73,000 

United States 7,800 300 8,000 33,300 1,400 35,000 
Total 35,000 300 35,000 106,300 1,400 108,000 

South America: 

Brazil 1,600 66,000 68,000 1,600 86,000 88,000 
Europe: oO a OO a a 

Finland 1,400 —_— 1,400 1,400 — 1,400 
Italy — — — 9,000 21,000 30,000 

Norway 32,000 — 32,000 90,000 — 90,000 
US.S.R. 5,900 2,500 8,400 13,000 2,500 16,000 

Total 39,000 2,500 42,000 113,000 24,000 137,000 

Africa: oO a a DO — oo 
Egypt — — — 1,400 — 1,400 

Madagascar — — — 15,000 — 15,000 

Mozambique 2,300 100 2,400 2,300 100 2,400 
Sierra Leone 1,000 2,000 3,000 1,000 2,000 3,000 

South Africa, Republic of 36,000 3,600 40,000 45,000 4,500 50,000 

Total 39,000 5,700 45,000 65,000 6,600 72,000 

Asia: an OO a OO 
China 30,000 — 30,000 41,000 — 41,000 

India 31,000 4,400 35,400 31,000 4,400 35,000 
Malaysia — — — 1,000 — 1,000 

Sri Lanka 3,600 800 4,400 3,800 800 4,600 

Total 65,000 5,200 70,000 77,000 5,200 82,000 

Oceania: 

Australia 24,000 5,300 29,000 45,000 14,000 59,000 

World total 204,000 ~ 85,000 — 289,000 ~ 407,000 — ~ 139,000 545,000 

2 The reserve base includes demonstrated resources that are currently economic (reserves), marginally economic (marginal reserves), and some of those that are currently subeconomic (subeconomic resources). 
3 Mainly anatase in Brazil; rutile elsewhere. 

‘Ilmenite except for 9.8 million tons in Colorado perovskite. 
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| TABLE 18 

TITANIUM: WORLD PRODUCTION OF CONCENTRATES (LMENITE, LEUCOXENE, RUTILE, AND 
TITANIFEROUS SLAG), BY COUNTRY’ | 

(Metric tons) 

cond count 1985 1986 1987 | 1988? 1989° 

Ilmenite and leucoxene: * 

Australia: | 

Ilmenite 1,418,867 1,237,694 1,498,087 1,610,175 1,764,000 

| Leucoxene - 13,809 14,143 11,290 11,742 12,000 

Brazil 76,354 75,472 111,649 134,580 135,000 

China * 140,000 140,000 140,000 150,000 150,000 

Finland 53,000 —_ _— — _— 

India* ? * 143,000 140,000 140,000 140,000 160,000 

Malaysia 314,736 414,941 509,202 486,305 497,000 

Norway 735,842 803,622 852,322 “875,000 880,000 

Portugal 227 232 141 59 110 

Sierra Leone — — 5,600 42,118 462,310 

_ Sri Lanka 114,854 129,907 128,500 74,305 75,000 
Thailand 1,078 13,489 27,078 18,254 17,800 

U.S.S.R.° 445,000 450,000 455,000 460,000 460,000 

United States WwW WwW WwW WwW W i 

Total 3,456,767 3,419,500 3,878,869 4,002,538 4,213,220 

Rutile: oO a 

Australia 211,615 215,774 246,263 230,637 266,000 

Brazil 713 495 511 1,142 1,000 

India* 3 *6,800 7,000 , 7,000 *5,000 5,000 

Sierra Leone 80,611 97,100 113,300 126,358 *128,340 

South Africa, Republic 
of eee 55,000 55,000 55,000 55,000 60,000 

Srilanka 8,558 8,443 7,200 5,255 5,200 

_ Thailand 110 48 : 92 128 150 

USSR 10,000 10,000 10,000 10,000 10,000 

_United States Ww Ww Ww Ww __W 
Total ~ 373,407 ~ 393,860 "439,366 ~ 433,520 475,690 

Titaniferous slag: — — ~— OO — 

Canada‘ ° 845,000 850,000 925,000 1,025,000 1,040,000 

South Africa, Republic 
of*° 435,000 435,000 650,000 700,000 725,000 

Total 1,280,000 1,285,000 1,575,000 1,725,000 1,765,000 

©Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in “Total.” 

1 Table excludes production of unbeneficiated anatase ore in Brazil, in metric tons, as follows: 1985—2,596,122; 1986—2,772,082; 1987—3,344,318; 1988—3,400,000; and 1989—3,500,000(estimated). This 

material reportedly contains 20% TiO. Table includes data available through June 13, 1990. 
2Timenite is also produced in Canada and in the Republic of South Africa, but this output is not included here because an estimated 90% of it is duplicative of output reported under “Titaniferous slag”, 

and the rest is used for purposes other than production of titanium commodities, principally as steel furnace flux and heavy aggregate. 

3 Data are for fiscal year beginning Apr. 1 of year stated. 

“Reported figure. | 
> Contains 80% TiO. 
Contains 85% TiO). . 
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metallothermic reductions with either ants in water. The promising results BACKGROUND | 
potassium or aluminum to produce ti- | were achieved by testing the breakdown | ———_ ES SSsSSSC—FsFFS 
tanium metal. Potassium reduction | of an organic acid with a TiO, catalyst. secs 
produced titanium metal of fine parti- | Using concentrated solar power to | Definitions, Grades, and 
cle size, with oxygen content of 1%. | speed up the reaction makes the process | Specifications 
Aluminum reduction in a molten zinc | more commercially attractive. A San- Ilmenite is the most abundant tita- 
bath produced titanium metal with | dia representative said they believe the | nium mineral, with the chemical formula 
only 7% aluminum.‘ process will destroy most organic | FeTiO;, and theoretical composition of 

The Bureau of Mines investigated the | materials.'® | 52.7% TiO, and 47.3% FeO. However, 
properties of ceramic particulate com- the term “ilmenite” is also used to in- 
posites made from titanium nitride clude material that has been oxidized and 
(TIN), alumina (AI,O,), and aluminum | QUTLOOK leached during weathering, containing 
nitride (AIN) as part of a program to | —————————-———— | up to 70% TiO.,, about 25% to 30% iron 
meet the high-performance demands oxides, and about 5% of oxides of other 
on structural materials for new and World production and demand for ti- | elements. When the alteration is extreme, 
emerging technologies. The best test | tanium sponge metal in 1989 is estimated | the residual material is essentially amor- 
results were obtained on a mixture of | at about 96,000 tons. Demand is ex- | phous to finely crystalline TiO, and is 
40% TiN, 30% AI,O, and 30% AIN.° | pected to grow at 3% to 5% per year | called leucoxene. 

Bureau of Mines researchers meas- | during the next several years. Titanium Rutile is essentially crystalline TiO,, 
ured the solubility of TiCl, in supercrit- | demand is being driven mainly by the | and commercial concentrates usually 
ical, liquid, and gaseous carbon diox- | record-high level of orders for commer- | contain about 95% TiO,. Synthetic ru- 
ide (CO,). TiCl, proved to be highly | cial airliners, as well as gradually increas- | tile or rutile substitutes are derived: 
soluble in supercritical CO,, and the | ing requirements for other industrial | from ilmenite by processes involving 
two compounds were completely misci- | uses. The growth in demand for com- | oxidation and reduction treatments fol- 
ble near 1,500 pounds per square inch | mercial aircraft is expected to more than | lowed by leaching of iron. Synthetic 
between 32° and 50° C. The TiCl, | offset anticipated cutbacks in military | rutile concentrates approach rutile in 

solubilities measured during this inves- | aircraft programs. Recently completed | chemical composition but, being resid- 
tigation are relevant to processes for | and announced future expansions of | ual leached grains, are porous and 
recovering or purifying TiCl,.° U.S. titanium sponge production capac- | composed of very fine crystallities, 

The U.S. Geological Survey pub- | ity are believed to be sufficient to take | while natural rutile grains are usually 
lished results of a study on the geologic | care of increasing titanium demand for | single crystals. 
evolution of the Trail Ridge heavy- | the next several years. Anatase also is crystalline TiO,, but 
mineral sand deposit in Florida. Trail World TiO, pigment production and | has a different crystal structure than ru- 
Ridge apparently represents a coast- | demand in 1989 are estimated at about | tile. Anatase is not yet available commer- 

parallel transgressive dune complex, | 3.0 million tons. Industry sources | cially, but large deposits of anatase- 
analogous to younger dunes elsewhere | project the growth of world TiO, de- | bearing ore in Brazil are being developed. 
that have become completely decou- | mand at about 3% per year. Annual Commercially available titaniferous 
pled from parental shorelines. ’ growth in demand by market area is | slags made by electric furnace smelting 

Research continued on titanium alu- | expected to be about 5% in Asian | of ilmenite with carbon contain 70% to 
minides, especially Ti,Al (a,), which | countries bordering the Pacific Ocean, | 85% TiO,. Slags being produced at the 
was already in limited use in aircraft | 3% in North America and Europe, and | end of 1989 were 80% TiO, slag from 
turbine engines. Addition of stabilizing | 2% in the rest of the world. If all of the | Sorel, Quebec; 85% TiO, slag from 
elements, particularly niobium, was the | planned TiO, pigment projects are | Richards Bay, Republic of South Af- 
most successful approach to improving | completed, it is believed that demand | rica; and 75% TiO, slag from Tysse- 
ductility. Properties were also improved | can be supplied with a moderate capac- | dahl, Norway. 
by rapid solidification processing. Tita- | ity surplus, at least through 1994. The Titanium tetrachloride, the interme- 
nium aluminides have lower density | magnitude of the capacity surplus will | diate compound from which titanium 
and better resistance to creep and high- | depend mainly on economic conditions | metal and chloride process TiO, are 
temperature oxidation than conven- | during that period. manufactured, is a colorless to pale 
tional titanium alloys.® Rapidly solidi- If plans for all of the announced | yellow liquid at room temperature, 

fied titanium aluminide alloys are | titanium raw material projects are im- | with a boiling point of 136° C. 
among the major potential materials | plemented, an additional 1.2 million Titanium sponge metal is the pri- 
needed for the National Aerospace | tons per year or more of TiO, in con- | mary metal form obtained by vapor 
Plane (NASP). NASP materials must | centrates could be produced by 1995. | phase reduction of titanium tetrachlo- 

combine the use-temperature capability | At 3% annual growth in demand for | ride with magnesium or sodium metal. 
of superalloys with the density of tita- | TiO, pigments and 5% for titanium | It is called sponge because of its ap- 

nium alloys.’ metal, additional annual demand for | pearance and high porosity. Titanium 
Researchers at Sandia National Lab- | TiO, in concentrates by 1995 would be | ingot for forging into billet and mill 

oratories, Albuquerque, NM, reported | about 800,000 tons. The supply of TiO, | products is obtained by melting sponge 
significant progress in the use of solar | in concentrates is, therefore, likely to be | in a vacuum-arc furnace, with or with- 
energy to decompose organic pollut- | adequate through 1995. out scrap titanium or alloying addi- 
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TABLE 19 to the application of aero- and ground- 

NATIONAL STOCKPILE PURCHASE SPECIFICATION: magnetic geophysical surveys. These 
TITANIUM SPONGE OR GRANULES, SUMMARY OF CHEMICAL deposits generally respond to such sur- 

AND PHYSICAL REQUIREMENTS veys by reflecting abnormally positive 
magnetic intensities, although in some 

2) | eases negative magnetic anomalies may 

Type A’ _Type B’ _Type C™_Type D” result. Once such anomalies are 

CHEMICAL REQUIREMENTS,” PERCENTAGE mapped, further exploration may take 

Nitrogn  —“‘“‘(CSC*C=t~étCONCSCC“ (SNS IS «008 lace in the form of detailed geological 
Carbon -020 025 .020 -020 | observations and, ultimately, drilling to 

Sodium — — 19 -01_ | test the anomalies and delineate the 

Magnesium .08 .50 — .08 | associated ilmenite deposit. | 

Lithium . — — — .09 If initial diamond drilling indicates 

Aluminum _ 07 _ _ an economic deposit, development 

Chlorine —O—OOOCOC«‘CAA@s—<“Cs=‘=:SCSS”*~*~*~“‘«s‘“‘«SS*‘;é:C;*™*SCLSCYdS:«Ciing’ process On a Seett grid pattern 

lon © OB”t~—~<Csti‘aCSS~<SstsiHSS~SOH of about 200 or 300 feet. Intermediate 

Silicon SC<“<~CSs HOS holes are drilled to fill in major gaps in 

2 _____—__________—__ | information on geologic structure or 
Hydrogen .005 .03 .05 .02 . . . . 
wrydrogem ES ______~*_ | ore continuations. Drill cores are visu- 

Qygen CO} ally logged and split for chemical assay 

Water C—O CCC | to determine TiO, and iron content. 
Other elements, total .05 .05 .05 .05 Sand deposits of titanium minerals 

Titanium 99.6 99.1 99.3 99.6 are mostly located near continental 

PHYSICAL REQUIREMENTS margins where erosion of regional gra- 

Brinell hardness number, maximum 100 120 120 100 nitic and metamorphic rocks contain- 

Particle size distribution, percentage: 

Minus 3/4 inch 100 100 | 100 100 TABLE 20 

Minus 1/2 inch 95 95 95 95 NATIONAL STOCKPILE 

Plus 100 mesh 95 95 95 95 

1 Type A-Magnesium reduced and finished by vacuum distillation; Type B-Magnesium reduced and finished by acid leaching or inert gas PURCHASE SPECIFICATION: 

sweep distillation; Type C-Sodium reduced and finished by acid leaching: Type D-Electrolytic. SUMMARY OF RUTILE 

2 All amounts are maximums except for titanium, which is a minimum. CHEMICAL AND PHYSICAL 1 

Source: U.S. Department of Commerce, P-97-R7, June 2, 1982. REQUIREMENTS 

Percentage by weight 

tions. Specifications for titanium | shown in table 20. There are no rigid (dry basis) 

sponge for the National Defense Stock- | specifications for raw materials to be | Chemical 

pile are given in table 19. used as feed for making TiCl, for met- | requirements:7 

Titanium dioxide pigment is charac- | als or pigment manufacture or for il- Titanium dioxide 95.00 

terized by its purity, high refractive | menite or slag to be used in the sulfate Ferric oxide 1.00 

index, fine particle size, and surface | pigment process. However, certain im- | sjica (i (i(‘és~si~S:CO!O~*” 
properties. The particle size is critical | purities such as chromium, colum- "Phosphorous s—i(i‘iéSCOO~™ 

and must be closely controlled within | bium, manganese, phosphorus, and va- pentoxide 05 

the range of about 0.2 to 0.4 microme- | nadium can seriously impair pigment Sulfur 03 

ter to develop optimum pigment prop- properties, SO these impurities are an | Giconiumdioxide 41.00. 

erties. The superiority of TiO, as a | important consideration in the selec- | —,,ninaSté<“‘i‘;S;SS!*S*SCSSSC‘:;# 

white pigment is due mainly to its high | tion of concentrates for pigment pro- Vanadium bentolde CT 

refractive index and resulting light- | duction. Concentrates to be used for _vanadium pentoxi’e 

scattering ability, which impart excel- | making TiCl, should be low in calcium _Chromium oxide 00 7 
lent hiding power and brightness. Tita- | and magnesium, which form high- Magnesium oxide 

. . . ore . . plus calcium oxide 25 
nium dioxide pigments are produced as | boiling-point chlorides that cause trow-_|—§_—22H—HJ$}, aNMH_— — 

two major types: rutile and anatase. | ble in fluid-bed chlorinators. Chemical Tin 

Rutile-type pigment, less reactive with | compositions of typical commercial ti- _Manganese 
paint vehicles in sunlight than is the | tanium concentrates are shown in table | Columbium 

anatase type, is preferred for use in | 24. __pentoxide 

outdoor paints. Anatase pigment has a ae ute shal > with US. Sanco tek. yacsin iS. 

bluer tone than the rutile type, is some- | Technology Standard Sieve No. 200. Co 

what softer, and is used mainly in in- *All of the amounts are maximums except for titanium dioxide, 

door paints and as an opacifier in paper. | Exploration.—Hard-rock ilmenite de- | Sr ig, ae ee eattoot aauually occurring thorium, 
Specifications for natural rutile for | posits, because of their inherent mag- | uranium, or combination of the two. 

the National Defense Stockpile are | netic properties, are readily amenable | source: Us. Department of Commerce P-49-R6, Nov. 3, 1981. 
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ing ilmenite and rutile has led to accu- | development should be done to a depth | quartz-feldspar-mica fraction, is usu- 
mulation of these minerals in coastal | of at least 50 feet and preferably 100 | ally accomplished by wet-gravity meth- 
plain sediments. Working and rework- | feet. The type of drill needed will de- | ods. The Humphreys spiral has been 
ing of these sediments by ocean waves | pend on the nature of the ground, | standard for this separation since its 
on beaches and in streams resulted in | including the presence of clay, hard- | introduction about 1940, but pinched- 
various degrees of sand sorting and | pan, roots, stumps and other organic | sluice separators of various designs 
concentration by particle size, density, | material, as well as the depth of the | have also been used. 
and resistance to abrasion. Well-sorted | water table. In Australia, the Reichert cone con- 
sands are much more likely hosts for Approximate minimum requirements | centrator, which operates on the pinched- 
ilmenite, rutile, and other heavy miner- | for an economic sand deposit of tita- | sluice principle, has been successful for 
als than are unsorted sands. nium minerals include reserves of | large-tonnage operations. Flotation has 

Titanium minerals are dark in color, | 300,000 to 1 million tons of TiO, con- | also been used to some degree. For sep- 
and their concentration in predomi- | tent in rutile or ilmenite and heavy arating the minerals from stream-type 
nantly quartz sands is often readily | mineral content in the ore of 1% to | deposits, jigs are usually chosen because 
visible. Initial discovery has therefore | 5%, depending on the mix of ilmenite, | they are the concentrating device least 
often been made through surface obser- | rutile, and other valuable minerals. sensitive to extreme grain size variation. 
vation. In exploration, hand panning The final wet-mill concentrate is dried, 
of samples has been a very useful ex- Mining and _ Concentration.—For | usually in a rotary kiln, prior to further 
ploration tool. mining sand deposits of titanium min- | treatment. The subsequent flowsheet de- 

| Some titanium mineral ore bodies are | erals, a dredge is usually used. This | pends on the mineral assemblage to be 
__ | detectable by ground or airborne mag- | may be bucket-ladder type, but is more | treated. Ilmenite and rutile are usually 

netometer surveys or, if monazite or | likely to be suction type. The dredge | removed together by electrostatic separa- 
zircon is present, by low-level radiomet- | floats in its own pond, digging forward | tion. The ilmenite-rutile conductor frac- 
ric surveys. and stacking tailings aft. tion of dried wet-mill concentrate is then 

Drilling to determine the extent of Rough concentration, the separation | subjected to high-intensity magnetic sep- 
sand deposits in the first phase of | of heavy minerals from the lighter | aration, yielding a final ilmenite product. 

TABLE 21 

COMPOSITION OF TYPICAL COMMERCIAL TITANIUM CONCENTRATES 

(Weight percentage) 

Ilmenite Slag Rutile Synthetic rutile 

i . Republic of Australia, United Australia, 
ned Ses ietied aust a, canada, South Africa, East States, Western aban, 

New York Florida canes unbury ore Richards Bay Coast Kerr-McGee __ Titanium 
TiO, (total) 46.1 64.0 45.0 54.4 80.0 185.0 95.2 94.15 92.0 96.1 
Ti,O, — — — — 16.0 225.0 — — 10.0 — 
Fe (total) — — — — — — — — 3.6 — 
Fe (metallic) 26 — — — — —_— — — — 2 — 

FeO 39.3 1.33 34.0 19.8 9.0 — 9 — — — 
Fe,O, 6.7 28.48 12.5 19.0 — — 1.0 . 2.6 — 1.3 
SiO, 1.5 .28 2.8 7 2.4 — 2 1.3 7 5 

ALO, 1.4 1.23 6 1.5 2.9 — .02 .48 7 46 

CaO an) .007 25 .04 6 2.15 .07 .003 .03 .O1 

MgO 1.9 .20 5.0 45 5.0 21.3 18 2 15 .07 
Cr,0, .009 — .076 .02 17 23 6 .16 — 15 
V,0, .05 — 16 12 57 26 01 .16 12 .20 
MnO 5 — .25 1.4 .25 22.5 .008 .04 2.0 .03 
S 6 — .05 01 .06 — Al — : 15 — 
Na,O — — — — — — .04 — — _ 
C .22 — 055 — .05 — .03 — 15 — 
P20, .008 12 .04 .02 — — 8 — — 17 
ZrO, 01 _— _ ~ — — 2 _— — 15 
Nb,O, 01 .10 01 14 — — 03 — — 25 
Ignition loss 1.3 — — 0.4 — — 1 6 _ — 
' Minimum. 
2 Maximum. 

Source: Technical publications and industry contacts. 
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TABLE 22 steel companies as a substitute for flu- | chloride process, rutile is converted to 

TIME-PRICE RELATIONSHIPS orspar flux. For upgrading to slag, the | TiCl, by chlorination at 850° to 950° C 

FOR TITANIUM ore is crushed and ground, concen- | in the presence of petroleum coke. All 

trated by gravity methods, roasted to | U.S. commercial chloride-process plants 

(Yearend price, dollars per pound) remove sulfur, mixed with a reducing | use fluid-bed chlorinators, although 
agent, and smelted in an electric arc | static-bed systems can be used for this 

Rutile pigment Sponge metal furnace. A high-purity pig iron is pro- | purpose. 

___(Ticontent) —Ss*}:s duced. The titanium is concentrated in Titanium tetrachloride so prepared 

Year tual Basedon airs, Basedon | the slag, known as Sorelslag, which | may be used either in making pigment 

prices , Constant vices _ constant | contains 80% TiO,. Because the iron | or, with additional purification, for 
1982 dollars 1982 dollars . . . . . 

969 048 CQL content of the slag is low, its use re- reduction to metal. In making pigment, 

1909 0.4800 Ft Ne 54 | duces the quantity of iron sulfate in the | the TiCl, is oxidized with air or oxygen 

1970 0.45 1.07, 1.32, 3-14 __s|_ Jiquid effluent of sulfate process pig- | at about 1,000° C, and the resulting 

1971 0.45 1.01 1.32 2.97 ment plants. Because of its relatively | fine-size TiO, is calcined at 500° to 

1972 0.45 0.97 1.32 2.84 high content of magnesium and cal- | 600° C to remove residual chlorine and 

1973 0.50 1.01 1.42 2.87 cium, which cause operating problems | any hydrochloric acid that may have 

1974 0.72 1.33 2.25 4.17 during chlorination, Sorelslag is not | formed in the reaction. Aluminum 

1975 0.73 1.23 2.70 4.55 used to make TiCl,. chloride is added to the TiCl, to ensure 

1976 0.78 41.24 2.70 4.28 At Richards Bay, Republic of South | that virtually all of the titanium is 

1977 081 1.20. 2.98. 4.43 | Africa, both rutile and ilmenite are | oxidized in the rutile crystalline form. 

1978085. 118 328 4.54 produced from heavy mineral sand de- Recoveries of TiO, in pigment are 

=7S aS "| _ posits. The ilmenite, containing about | approximately 90% and 80% to 85% 
1979 0.98 1.25 3.98 5.06 . : . : . 

1980 0S 3B 50% TiO,, is relatively low in magne- for chloride process and sulfate process 

2980 105 BOE C* I” | sium and calcium and is smelted with | plants, respectively. 

1981) 1.2500 1.330765 8-14 | Carbon in an electric furnace to pro- | 

1982 1.250 1.25, 4.60 4.60 | duce an 85% TiO, slag. Because of its Metal Production.—Feed materials | 

1983 1.25 1.20 4.10 3.95 low content of the above previously | needed for metal production are the 

1984 1.25 1.16 4.10 3.81 mentioned impurities, the Richard Bay | same as those for chloride-process pig- 

1985 1.30 1.17 3.75 3.38 (RB) slag is acceptable for manufactur- | ment because formation of TiCl, is 

1986 1.37 1.20 4.10 3.60 ing TiCl, and is also a feed material for | required in both cases. Rutile and rutile 

1987137. 4147 44410 «43.49 ~+~'| ‘the sulfate pigment process. substitutes are the only titanium raw 

1988 1.60 132 450 3.71 — _ | material used for metal production in 

1989 1.75. 1.39. 5.05. 4.00. Pigment Production.—Titanium di- | the market economy countries. 

| oxide pigment is produced commercially Titanium sponge is produced by re- 

| by two methods that require different raw | ducing TiCl, with sodium or magnesium 

. | materials. In the sulfate process, ilmenite | under an inert atmosphere at tempera- 

The rutile fraction is further cleaned by | or titanium slag is reacted with sulfuric | tures up to 1,040° C. Residual chlorides 

screening and additional electrostatic | acid; a portion of the iron sulfate formed | are removed by vacuum distillation, inert 

separation. Zircon and monazite prod- | may be crystallized and removed, and | gas sweep, or after cooling and crushing, 

ucts are recovered from the nonconduc- | titanium hydroxide is precipitated by hy- | by leaching in very dilute acid. The 

tor fraction of the wet-mill concentrate | drolysis, filtered, and calcined. In the | sponge is compacted, usually with some 

by a combination of gravity, electro- 

static, and high-intensity magnetic 

separation. also mined f hard TABLE 23 
enite is also mined from two hard- 

rock deposits, one in Canada, and one in U.S. IMPORT DUTIES 

Norway. The ore bodies are massive,and | SS 

open pit mining is practiced. HTS Most favored Non-MFN 

At Tellnes, Norway, the ore is crushed, Tariff item No. nation (MEN) _ 

ground, and subjected to wet-magnetic Sa 1, 1989 San 1, 1989 
separation to recover magnetite. An il- | Ilmenite 2614.00.6020 Free. Free. 

menite concentrate containing about | Titanium slag 2620.90.5000 do. do. 

44.5% TiO, is recovered by flotation of | Rutile concentrate 2614.00.6040 do. do. 

the nonmagnetic portion, as was for- | Synthetic rutile 2614.00.3000 5.0% ad val. 30.0% ad val. 

merly done at the Macintyre Develop- Waste and scrap metal 8108.10.1000 Free. Free. 

ment, Tahawus, NY, where ilmenite- | Unwrought metal, including sponge 8108.10.50 15.0% ad val. 25.0% ad val. 

mining ceased in 1982. Wrought metal: Articles of titanium 8108.90.30 5.5% ad val. 45.0% ad val. 
At Allard Lake, Quebec, ore at 32% Othr «8108.90.60. «215.0% adval. 45.0% ad val. 

to 36% TiO, is shipped from the mine Other 8108-90-60 15.0% at val ee 
to the beneficiation plant at Sorel, Titanium dioxide pigments __3206.10.00_ 6.0% ad val. _30.0% ad va". 

Quebec; some of the ore is shipped to Titanium oxides —2823.00.0000 6.0% ad val. 30.0% ad val. 
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scrap and alloying additions, and made | titanium concentrates and products in The major environmental problem in 
into ingot by two or more successive | 1988-89 are listed in table 10. | the titanium industry is the disposal of 
vacuum-arc melting operations. wastes from pigment-producing proc- 

Costs.—Construction cost of a | esses that use ilmenite, generating up to | 
Recycling.—Scrap titanium generally | 110,000-ton-per-year synthetic rutile | 3.5 tons of waste per ton of product. 

accounts for 40% to 50% of ingot | plant completed in 1977 at Mobile, AL, | Solutions to this problem required the 
production. Scrap is generated by pro- | was reportedly $53 million, or about | development of methods to neutralize 
ducers of ingot and mill products and | $480 per annual ton of product. and control the effluent now produced 
by consumers of mill products in fab- The cost of constructing a new | by the sulfate pigment process, mainly 
ricating finished products or compo- | 82,000-ton-per-year chloride-process pig- | a solution of waste sulfuric acid and 
nents. It is estimated that up to 75% of | ment plant in 1989 was about $2,500 per | ferrous sulfate heptahydrate. Deep well 
titanium ingot metal becomes scrap | ton of annual capacity. Sulfate-process | disposal has been used for waste ferric 
during processing to finished parts. | plants, including neutralization facilities, | chloride produced when ilmenite is 
However, the proportion of scrap is | were said to cost considerably more. The | used to make TiCl,. In processes for 
gradually being lowered because of in- | operating costs for chloride plants, | making synthetic rutile, the effluent 
creased use of castings and other near | which may be operated continuously and | solutions are treated to regenerate the 
net-shape technologies. are more easily automated, reportedly | original leaching agent, such as hydro- 

Clean and well-segregated scrap, proc- | were as much as 30% lower than those | chloric acid, which is recycled, and to 
essed to remove impurities, is blended | for sulfate plants. The cost of finishing | form useful byproducts such as sodium 
with sponge metal and alloying constit- | titanium pigment for marketing is about | sulfate, ammonium sulfate, and iron 
uents and remelted to ingot. Remelting | the same for both processes and com- | oxide. In sulfate-process technology, 
is mainly by vacuum-arc consumable- | poses a significant portion of the total | there is a strong trend away from disposal 
electrode processing. Electron-beam and | costs. Mineral raw material costs in the | of waste materials in streams or in the 
plasma-arc cold-hearth melting is also | sulfate process are appreciably lower | ocean. Both US. sulfate-process produc- 
used, especially for chips and turnings. | than those in chloride-process plants that | ers now are using waste treatment plants 
Cold-hearth melting is very effective in | use rutile as feed material. that neutralize acid effluent with lime- 
ensuring removal of high-density inclu- Plant costs for producing titanium | stone and lime and produce gypsum and 
sions, such as tungsten carbide tool par- | sponge are very high. The estimated | iron oxide byproducts. Such neutraliza- 
ticles, which settle in the hearth area | cost per annual ton of capacity in 1989 | tion processes add about $100 per ton to 
during melting. A substantial quantity of | was about $12,000 to $15,000. Raw | the cost of the TiO, pigment product. 
titanium scrap, particularly unprocessed | material costs for producing titanium | The sale of all byproducts would recover 
turnings, is consumed directly or in mak- | sponge are about the same, whether | only a small fraction of this cost. — 
ing ferrotitanium for use in steel and | reduction is with sodium or magne- On September 1, 1989, the Environ- 
other alloys. In 1988-89, annual use of | sium, and the selection of one reduc- | mental Protection Agency (EPA) pub- 
titanium scrap for remelting to ingot was | tant over the other depends upon local | lished a newly revised interpretation of 
about 18,000 tons; for use in steel and | market economics. the Bevill exclusion, which exempts min- 
superalloys, 4,500 tons; and in aluminum eral processing wastes from regulation 
alloys, 500 tons. Tarifjs.—The duties shown in table | under subtitle C of the Resource Conser- 

23 reflect results of the Tokyo Round of | vation and Recovery Act (RCRA). EPA’s 
Economic Factors Multilateral Trade Negotiations com- | revised interpretation addressed the defi- 

pleted in 1979 under which tariffs on | nition of mineral processing and estab- 
Prices.—The price of rutile pigments | many items were reduced in several | lished high-volume and low-hazard crite- 

and titanium sponge in constant dollars | stages over the period January 1, 1980, | ria for waste streams to be retained 
decreased 20% and 14%, respectively, | to January 1, 1987. within the Bevill exclusion.!! Subsequent 

| from 1969 through 1972, as shown in proposed rulemaking later in 1989, pub- 
table 22. Reflecting a sharp increase in Depletion Provisions.—The deple- | lished in January 1990, applied this re- 
pigment demand, the constant dollar | tion allowance for ilmenite and rutile is | vised interpretation to 20 waste streams 
price rose 32% in 1974. The rutile price | 22% when mined from domestic de- | that were conditionally retained in the 
did not surpass that level until 1989, | posits and 14% from foreign deposits. | Bevill exclusion.!? In the TiO,-TiCl, sec- 
following 6 consecutive years of record- tor, chloride processing waste solids were 
high demand. The titanium sponge | Operating Factors retained, passing both the high-volume 
price reached a record high in 1980 and low-hazard criteria. However, other 
because of unprecedented demand for Environmental Requirements.—Heavy | waste streams in this sector were not 
commercial aircraft, then dropped | mineral sand mining presents few serious | retained: sulfate process waste acids, hav- 
sharply in 1982 and 1983 following a | environmental hazards. The land is re- | ing failed to pass the low-hazard crite- 
severe downturn in the commercial air- | stored by returning the bulk of the sand | rion; and sulfate process waste solids, 
craft market. Although sponge con- | after removal of the ore minerals and | chloride process waste acids, and tita- 
sumption was near record-high levels in | may even be improved in low, flat areas. | nium leach liquor, which all failed the 
1989, the constant dollar price was | Dune areas can be left in nearly their | high-volume criterion. EPA estimated 
several percent below the moderate lev- | original form, and the sand can be stabi- | compliance costs for the sulfate process 
els of 1975-77. Published prices of | lized by seeding and replanting. portion of the TiO, sector to average 
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: OTHER SOURCES OF INFORMATION 0.8% of the value of shipments for the | iguisman Titanium Corp., Ti Usage in Japanese 0 
affected facilities. Buildings Running Over 200,000 Pounds Yearly. Tita- . oo. 

nium News, v. 21, No. 2, Spring 1989, pp. 1, 2, and 4. | Bureau of Mines Publications 
2Hansen, D. A., and D. E. Traut. The Kinetics of Titanium. Ch. in Mineral Commodity 

Toxicity. —Titanium is a nontoxic Leaching Rock Ilmenite with Hydrofluoric Acid. J. Summaries, annual. 

. Met., May 1989, pp. 34-36. : : $ : 
material, as demonstrated by the use of | “32007 7 Pt 1 Fish Ilmenite. Ch. in Mineral Commodity 
TiO. in cosmetics d the use of tita- Traut, D. E., Hansen, D. A., and G. T. Fisher. Summaries. annual. 

i 21 . an Calcium Fluorotitanate-Induction-Slag Furnace Route . ? . . 

nium for making pacemakers and other | to Titanium Metal. Pres. at the Annu. Conf. of the | Rutile. Ch. in Mineral Commodity 
implant devices for humans. However, | Titanium Development Assoc., Tucson, AZ, Oct. 11- Summaries, annual. 

. . h . , . ° . 

ardous; for example, TiCl,, which re- | Rescarch Centen Albany OR annually in Mineral Industry Surveys. 
‘olentl ith water or moisture in Crane, S. R., Davidson, C. F.,, and D. D. Harbuck. Titanium. Ch. in Mineral Facts and 

acts VIO en y wi : € : Titanium Metal Production from Perovskite Using a se 

the air, forming TiO, and hydrochloric | suifate-Fluoride System. Light Metals 1989, ed. by P. G. Problems, 1985 edition. 
acid. Campbell. The Miner., Met. & Mater. Soc., 1988, pp. | U.S. Bureau of the Census 

991-997. Inorganic Chemicals. Current Industrial 
5 Liles, K. J. Mechanical and Physical Properties of R hi d al 

. . Particulate Composites in the System Titanium Nitride- . eports, monthly an annual. 

Ener 2Y Requir ements .—According Alumina-Aluminum Nitride. BuMines RI 9271, 1989, 7 Titanium Ingot, Mill Products, and 

to a 1975 study for the Bureau of | pp. Castings. Current Industrial 

Mines, energy requirements for alluvial Tolley, W. K., and L. S. Tester. Supercritical CO, Reports, monthly through 1984; 

mine production are about 5.1 million | Solubility of TiCl,. BuMines RI 9216, 1989, 11 pp. quarterly, 1985 through 1988. 

TiO. in concentrat A d ) e F ni Trail Ridge Eolian Heavy Mineral Sand and Underlying | Other Sources 
2 . centrate. Froduction ol pig- Peat, Northern Florida. U.S. Geol. Sur. Prof. Paper American Metal Market, daily paper. 

ment requires about 75 to 112 million | 1499, 1989, 16 pp. American Paint & Coatings Journal, 
Btu per ton of TiO,, depending on the ®Destefini, J. D. Advances in Intermetallics. Adv. weekly. 

process and feed material used. Tita- Mater and Processes, v. 135, No. 2, Jan. 1989, pp. Chemical Engineering, biweekly. 

nium sponge production uses from 408 i — Chemical Week, weekly. 
to 466 million Btu per ton of m etal, of Ronald, T. M. EF. Advanced Material to Fly High in Engineering and Mining Journal 

hich cage . NASP. Adv. Mater. and Processes, v. 135, No. 5, May ’ 

whic! about 248 to 270 million Btu is | i989, pp. 29-37. monthly. 

required to regenerate the reductant 10Sandia Science News. Concentrated Solar Energy European Chemical News, weekly. 

and chlorine. The conversion of sponge | Detoxifies Organic Pollutants. V. 24, No. 5, May-June Industrial Minerals, monthly. 

metal to titanium ingot requires an 1989, pp. 1,4. 7 oo Japan Metal Journal, weekly. 
additional 46 million to 57 million Btu Federal Register. Mining Waste Exclusion: Final Metal Bulletin (London) semiweekly. 

er ton of ti . . t 13 Rule. (Environmental Protection Agency). V. 54, No. >” ° 

Pp itanium ingot. 169, Sept. 1, 1989, pp. 36592-36642. Metals Week, weekly. 
12_____ Mining Waste Exclusion: Section 3010 No- Mining Congress Journal, monthly. 

tification for Mineral Processing Facilities; Designated Mining Engineering , monthly. 

Facility Definition; Standards Applicable to Generators Mining Magazine and Mining Journal 

of Hazardous Waste; Final Rule. (Environmental Pro- Lond thi d kl 

tection Agency). V. 55, No. 15, Jan. 23, 1990, pp. (London), monthly and weekly. 
2322-2354. | Roskill Information Services Ltd. 

13 Battelle Columbus Laboratories. Energy Use Pat- (London). The Economics of 

terns in Metallurgical and Nonmetallic Mineral Process- Titanium, 6th edition, 1989. 

ing. (Phase 5—Energy Data and Flow Sheets, Interme- Skillings Mining Review, weekly. 

diate Priority Commodities). Sept. 16, 1975, pp. 172- World Minin thi ° 

202, Natl. Tech. Inf. Service, Springfield, VA. PB orld Mining, montily. 
246-357. 
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By Gerald R. Smith 

Mr. Smith, a physical scientist with 26 years of research and commodity experience with the Bureau of Mines, has been 

the commodity specialist for tungsten since 1986. Domestic survey data were prepared by Cheryl Jackson, mineral data 

assistant; the world production table was prepared by Virginia Woodson, international data coordinator; and the outlook 

data were prepared by Barry Klein, Branch of Technical Analysis. 

verage prices for tungsten | tungsten, contained in nonstockpile- | cluded no further authority for dis- 

concentrate remained essen- | grade ores and concentrates, was re- | posal of tungsten. 

As unchanged during | leased as payment material in support In the Report of the Secretary of 

1989 compared with those | of the Defense Logistics Agency’s fer- | Defense to the Congress on National 

of 1988, thus preventing any significant | roalloy upgrading program, under the | Defense Stockpile Requirements, pre- 

resumption of U.S. tungsten mining. | National Defense Authorization Act. | sented in April 1989, a recommenda- 

Dependence upon China as a predom- | Disposals of all tungsten remaining for | tion was made that the stockpile goal 

inant source of concentrate continued | release, under existing authorization | for tungsten be raised by about 

during the year, increasing from 51% | within this program, were completed by | 9,180,000 kilograms. The recommen- 

of total U.S. imports of concentrate in | the end of fiscal year 1989. The De- | dation, based upon a revised assess- 

1988 to 69% in 1989. In spite of the | fense Authorization Act for fiscal year | ment of military requirements, would, 

decrease in imports of ammonium | 1990, beginning October 1, 1989, in- | if implemented, effectively raise the 

paratungstate (APT) and tungstic acid 
(TA) from China as a result of the 
Orderly Marketing Agreement (OMA) TABLE | 
signed in 1987, China’s share of all , SALIENT TUNGSTEN STATISTICS 
U.S. tungsten imports reached 61% in 7 , 
1989. The total annual domestic tung- (Metric tons of tungsten content unless otherwise specified) 

sten activity, based upon concentrate | __- 
consumption, production of APT, and 1985 1986 1987 1988 1989 

net production of intermediate prod- | United States: 

ucts remained at about the same level Concentrate: 

as in 1988. Mine production 996 780 34 Ww WwW 
Mine shipments 983 817 34 W W 

TT as — 020 Value thousands $9,143 $5,774 $216 W W 

DOMESTIC DATA Consumption 6,838 4,804 5,506 7,832 7,725 

COVERAGE Shipments from Government stocks 902 301 708 524 466 

. Exports 124 34 2 "172 203 

Domestic production data for tung- Imports for consumption 4,746 2,522 4,414 8,045 7,896 

sten are developed by the Bureau of Stocks, Dec. 31: 
Mines by means of three separate, vol- Producer 60 21 21 21 10 

untary surveys. These surveys are Consumer 1,077 502 329 r499 1,261 

“Tungsten Ore and Concentrate,” Ammonium paratungstate: . 

“Tungsten Concentrate and Tungsten Production 6,527 5,604 5,336 8,357 7,831 

Products,” and “Tungsten Concen- Consumption 7,941 6,475 «6,363 8,014 8,493 . 
trate.”” Of the 45 operations to which Stocks, Dec.31:Producerandsst—“‘s™SOSOSC~™S Dec. 31: Producer and | 

survey requests were sent, all re- consumer 1,056 468 292 1,016 915 
sponded, representing 100% of the to- Primary products: 
tal production shown in table 1. Production ———C«219-s—“‘<«é~a i OBSSC*«Ci«C DA 8,068 8.749 

Consumption . 8,096 7,214 7,228 8,298 7,990 

Stocks, Dec. 31: 

LEGISLATION AND Producer 1,968 1,484 1,646 1,890 1,562 

GOVERNMENT PROGRAMS Consumer 1,206 860 787 930 761 

World: Concentrate: 

Physical disposals of tungsten from Production "46,579 43,344 42,177 42,604 © 43,280 

the National Defense Stockpile totaled Consumption T47,804 44,406 41,427 42,850 °41,516 

466,000 kilograms during the year. The | ‘Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

TUNGSTEN MINERALS YEARBOOK— 1989 1103



| goal for all tungsten materials to near TABLE 2 

the existing inventory level and essen- U.S. GOVERNMENT TUNGSTEN STOCKPILE MATERIAL 
tially eliminate the need for future INVENTORIES AND GOALS 
tungsten disposals. 

The Environmental Protection Agency | (Metric tons of tungsten content) 
(EPA) eliminated tungsten sludges that a 
were produced in ore leaching and waste Inventory by program, , 
treatment processes from its original list Material Goals 86 ST 

- | of mineral processing wastes considered National _ DPA Total 
for exclusion from the Resource Conser- | CCC pile inventory 
vation and Recovery Act guidelines. This | Tungsten concentrate: 
was effectively accomplished in an April Stockpile grade 25,152 24,503 72 24,575 
17, 1989 Notice of Proposed Rulemak- Nonstockpile grade — 10,055 5 10,060 
ing (54 FR 15316), in which EPA pro- | ~ Total 25,152 34,558 77 34,635 
posed to remove all but 39 mineral proc- | Ferrotungsten: — — oo — 
essing streams from consideration. By | ~ Stockpile grade” _ 385 _ 385 
further applying high-volume, low- ~Nonstockpile grade _ 533 _ 533 
toxicity criteria to the remaining process Toa OSS —— 918 —— 918 
streams, the list was reduced to 26 on Tunosten metalvowder. =—— == — = =—— 
September 1, 1989, (54 FR 36592). —angsten meta’ Powder: _ 

The EPA announced final amend- | Stockpile grade 726 mM _ mM 
ments to Clean Water Act regulations | _Nomstockpile grade — _ 150, _ __150 
affecting nonferrous manufacturing |_ Total == ss ___ 861 _— __ 861 
that included the secondary tungsten | Tungsten carbide powder: | | 
and cobalt subcategory along with five Stockpile grade 907 871 — 871 
Other subcategories. Notice of these Nonstockpile grade — 51 — 51 
amendments, published October 30, Total 907 922 _ 922 
1989, (54 FR 45299), were in response to | Ipefense Production Act (DPA)of 1950... ~~ ~~ OO 
settlements with six petitioners regarding 
regulations in 40 CFR 421 promulgated 

_ | September 20, 1985, (50 FR 38276). The | TABLE 3 
amendments to the secondary tungsten 
and cobalt subcategory (40 CFR TUNGSTEN CONCENTRATE SHIPPED FROM MINES 

421.310-40 CFR 421.317) affect only IN THE UNITED STATES 
cobalt effluents but are an obvious inte- 

gral step in the secondary recovery of Quantity Reported value, f.o.b. mine! 
cemented carbide components. Year Metric ton Tungsten Total Average Average per 

2 content per unit kilogram of 
: units” of WO; (metric tons) (thousands) of WO, tungsten 

STRATEGIC 1985 123,944 983 $9,143 $73.77 $9.30 

CONSIDERATIONS 1986 103,053 817 5,774 . 56.04 7.07 

$$ sss 987 4,228 34 216 50.34 6.35 

1988 W — W — — 

Tungsten is an important strategic | 1989 Ww _ WwW _ _ 
material necessary for defense pur- | W withnedto avoid disclosing company proprewrydata.=*=~=S*é“‘“‘=~*S*S*:SC*<C~SCtCt 
poses. Currently, the heavy metal alloys : Values apply to finished concentrate and are in some instances f.o.b. custom mill. 

of tungsten, containing 3% to 10% ee, ane art ao ltticne anual wean (WO3) and contains 7.93 kilograms of tungsten. 

nickel and small quantities of iron or 
copper, are used in several of the 
smaller diameter projectiles for pene- 

trating armor plate. Cemented tungsten | mined ore to manufactured products, | proposed to be maintained at a level 
carbide parts, which exhibit excellent | thus represents an important compo- | exceeding 32,000,000 kilograms. 
cutting and wear-resistant properties, | nent of the U.S. defense policy. The 
are vital to the U.S. metalworking, ma- | DOD continually assessesthe US. abil- | sss 
chining, construction, transportation, | ity to produce tungsten, in order to | JSSUES 
mining, and oil- and gas-drilling indus- | ensure that this and other sources of | —————_ 
tries. The Department of Defense | supply are sufficient to meet current 
(DOD) relies heavily on the mainte- | and projected levels of demand neces- The world tungsten market became 
nance of a broad domestic production | sary to preserve the national defense. | increasingly more dependent on sup- 
base to cover mobilization contingen- | To that end, the quantity of tungsten in | plies of tungsten materials from China 

| cies. The entire tungsten industry, from | the National Defense Stockpile was | during 1989. Concentrate prices re- 
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mained low and appeared to be domi- | abled production to begin at a relatively | carbides in the combined cutting tool, 

nated primarily by the production, dis- | low level during the last quarter of the | mining tool, and wear-resistant compo- 

tribution, and pricing strategies of the | year. A company representative indi- | nent industries was strong during the 

Chinese, who possess about 47% of the | cated that the annual production ca- | first 8 months of the year but began to 

world’s tungsten reserves. As a result, | pacity of the mine and mill was about | decrease in the final months, showing a 

most tungsten mines in the United | 360 metric tons (mt)! by yearend. The | small gain for the year. This gain was 

States and other market economy | company continued to modify and ad- | more than offset, however, by a moderate 

countries remained closed or were op- | just its milling operation to ensure the | decline in the demand for other tungsten 

erated at reduced capacity during the | quality of their product. No material | products, including specialty steels, su- 

year. In addition, little or no economic | was offered for sale on the world mar- | peralloys, chemicals, and mill products 

incentive existed to explore or develop | ket in 1989. made from metal powder. Demand for 

other tungsten resources. U.S. Tungsten Corp., Bishop, CA, | tungsten in the oil and gas drilling indus- 

continued as the only other company | try weakened during the first half of the 

S| séproduccing tungsten concentrate. The | year. The number of active drilling rigs in 

PRODUCTION Pine Creek Mine and mill was operated | the United States declined steadily from 

$______4-41-_ —— | on an intermittent basis at levels below | 940 at the end of 1988 to 737 by the end 

capacity in order to provide supplemen- | of May 1989. This trend was reversed 

Releases of tungsten concentrate from | tal feedstock to the company’s APT | during the remainder of the year, reach- 
the National Defense Stockpile, in sup- | conversion facility. Imported concen- | ing 1,061 active rigs by yearend. 

port of the ferroalloy upgrading pro- | trate was the primary source of raw 

gram, provided about 6% of the supply | material. ee 
consumed in domestic processing. Canada Tungsten Mining Corp. Ltd. | PRICES 

Curtis Tungsten Inc., Upland, CA, | operated its Fort Madison, IA, APT | ——esesFSES 

completed its sale of the initial offering | conversion facility at near capacity lev- 

of common stock on June 28, 1989. | els during 1989, following the plant’s Average prices for wolframite and 

Revenues realized from this sale en- | reopening in August 1988. The com- | scheelite concentrate increased by 7% 
pany began selling all of its product on | and 1%, respectively, in 1989, accord- 
the open market upon completion of | ing to quotations published in Metal 

TABLE 4 the tolling contract with Bomar Re- | Bulletin. 
| sources Inc. in July 1989. The tolling Government representatives of tung- 

MAJOR PRODUCERS agreement had utilized about 70% of | sten producing and exporting countries 

OF TUNGSTEN CONCENTRATE the plant’s capacity. met in Sydney, Australia in October 

AND PRINCIPAL TUNGSTEN 1989 to discuss the world tungsten mar- 

PROCESSORS IN THE a S|séKet. Particular emphasis was placed on 

UNITED STATES IN 1989 CONSUMPTION AND USES the supply-demand balance and prices 

| TH —_—_———— | of tungsten materials. Delegates recog- 
Location of nized that price targets for concentrates 

Company mine, mill, Total domestic consumption of tung- | and intermediate materials set at the 
or lant sten in primary end-use categories de- | September 1988 meeting in Changsha, 
EE Crease by about 4% in 1989 compared | China had not been met. They agreed 

Producers of tungsten . . oor . 
concentrate: with that of 1988. Demand for cemented | that these price objectives, averaging 

Curtis Tungsten Inc. Upland, CA. 

U.S. Tungsten Corp., a . 
division of Strategic TABLE 5 

=r neon Bishop, CA. PRODUCTION, DISPOSITION, AND STOCKS OF TUNGSTEN 
Ss PRODUCTS IN THE UNITED STATES IN 1989 

Buffalo Tungsten Inc. Depew, NY. 

Canada Tungsten Mining Fort Madison, (Metric tons of tungsten content) 
Corp. Ltd. IA. 

General Electric Co. Euclid, OH. Tungsten 

GTE Products Corp. Towanda, PA. Hydrogen- carbide powder 

Kennametal Inc. Latrobe, PA, reduced Made Crushed Chemicals Other Total 
and Fallon metal from 
NV. " powder metal and | 
I crystalline | 

Teledyne Firth Sterling La Vergne, Owe 
IN. Gross production during year 8,016 4,258 WwW WwW 3,563 = 15,837 

Teledyne Wah Chang Huntsville, Used to make other products 
Huntsville AL. listed here 4,258 W W W 2,785 7,043 

U.S. Tungsten Corp., a Net production 3,758 WwW W WwW 5,036 8,794 

division of Strategic Producer stocks, Dec. 31 850 467 WwW 78 167 1,562 

__Minerals Corp. Cs Bishop, CA. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
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| TABLE 6 

CONSUMPTION AND STOCKS OF TUNGSTEN PRODUCTS IN THE UNITED STATES IN 1989, BY END USE 

(Metric tons of tungsten content) 

EEE 

Tungsten § Tungsten Scheelite | Other 
: End use tenn metal carbide (natural- Tungsten tungsten Total > 

. este powder powder synthetic) P materials * een ee eee 
Steel: 

Stainless and heat-resisting 62 — — WwW WwW — 62 
Alloy WwW — — WwW — W W 

Tool 7 290 — — W WwW — 290 
Superalloys — W 21 W W : 237 W 258 
Alloys (excludes steels and superalloys): 

Cutting and wear-resistant materials — 75 4,798 — 145 W 5,018 

Other alloys* WwW 6 (°) — W _ 7 
Mill products made from metal powder — 1,828 WwW — — W 1,828 

Chemical and ceramic uses — — — — — 52 52 
Miscellaneous and unspecified 89 (°) 58 139 51 138 476 
Total? 442 1,930 © 4,856 139 433 190 7,990 

Consumer stocks, Dec. 31, 1989 45 19 °561 24 72 40 761 EEE EOE 
W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 

'Does not include that used in making primary tungsten products. 

2 Includes tungsten chemicals and others. ’ 
3 Data may not add to totals shown because of independent rounding. 

4 Includes welding and hard-facing rods and materials and nonferrous alloys. 
>Less than 1/2 unit. 

© Based on reported consumption plus information from secondary sources on companies not canvassed; includes estimates. 

TABLE 7 

MONTHLY PRICE QUOTATIONS OF TUNGSTEN CONCENTRATE IN 1989 

eee 

Metal Bulletin (London), Metal Bulletin (London), Metals Week, U.S. spot International 
scheelite, European market, wolframite, European market, quotations, 65% WO, Tungsten 

70% WO, basis! 65% WO, basis” basis, c.i.f. U.S. ports? Indicator, 
ae eee weighted 

Dollars per Dollars per Dollars per Dollars per Dollars per Dollars per average 
metric ton short ton metric ton short ton short ton metric ton price,* 60% 

Month unit unit unit unit unit unit to 79% WO, 

| Dollars Dollars 
“ per per 

Low High Average Average Low High Average Average Low High Average Average metric short 

ton ton 

unit unit eee SE EEE 
January 57.43 69.00 63.22 57.35 55.43 64.00 59.72 54.17 52.00 56.00 54.00 59.52 60.77 55.13 Eee en ee ee ED 
February 57.00 69.00 63.00 57.15 55.00 64.00 59.50 53.98 51.25 56.00 53.63 59.11 60.70 55.07 ES Te ee ee ee ON MN 
March 57.25 69.63 63.44 57.55 55.00 64.50 59.75 54.20 48.40 55.40 51.90 57.21 61.29 55.60 NE OS ES CES OL  EeEMIOM NE SEA4 FEN 
April 58.63 71.50 65.07 59.03 55.00 65.00 60.00 54.43 47.50 53.00 50.25 55.39 61.35 55.66 ee eeEAEASASASE ee FONE SY 
May 59.00 72.00 65.50 59.42 52.50 64.50 58.50 53.07 46.00 51.00 48.50 53.46 61.87 56.13 

June 59.78 73.33 66.56 60.38 51.00 64.00 57.50 52.16 47.60 52.20 49.90 55.01 62.60 56.79 

July 60.00 74.00 67.00 60.78 50.11 63.22 56.67 51.41 47.00 53.00 50.00 55.12 59.59 54.06 ene ne een eee A FT 

August 59.14 74.00 66.57 60.39 48.00 62.00 55.00 49.90 45.40 53.00 49.20 54.23 62.88 57.04 

September 59.00 74.00 66.50 60.33 48.00 62.00 55.00 49.90 43.00 53.00 48.00 52.91 59.33 53.80 

October 58.78 74.00 66.39 60.23 45.78 60.67 53.23 48.28 40.00 48.00 44.00 48.50 60.38 54.78 

November 56.00 72.00 64.00 58.06 44.00 59.67 51.84 47.02 40.00 45.60 42.80 47.18 59.70 54.16 

December 56.00 72.00 64.00 58.06 43.43 60.71 52.07 47.24 39.00 45.50 42.25 46.57 58.96 53.49 $$ $$$ eee ee ee NS 
' Low and high prices are reported semiweekly. Monthly averages are arithmetic averages of semiweekly low and high prices. The average price per metric ton unit of WO, which is an average of all semiweekly 
low and high prices, was $65.10 for 1989. The average equivalent price per short ton unit of WO; was $59.06 for 1989. 
2 Low and high prices are reported semiweekly. Monthly averages are arithmetic averages for semiweekly low and high prices. The average price per metric ton unit of WO;, which is an average of all 
semiweekly low and high prices, was $56.57 for 1989. The average equivalent price per short ton unit of WO; was $51.31 for 1989. 
3 Low and high prices are reported weekly. Monthly averages are arithmetic averages of weekly low and high prices. The average price per short ton unit of WO3, which is an average of all weekly low and 
high prices, excluding duty, was $48.70 for 1989. The average equivalent price per metric ton unit of WO; was $53.69 for 1989. 

4 Weighted average price per metric ton unit of WO; was $60.79 for 1989. The equivalent weighted average price per short ton unit of WO; was $55.14 for 1989. 
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TABLE 8 about $71.00 and $78.00 per metric ton 

U.S. EXPORTS OF TUNGSTEN ORE AND CONCENTRATE, unit (mtu)” for wolframite and 
BY COUNTRY scheelite, respectively, should remain 

essentially the same. Consideration was 

TTT vr ogg ggg given to certain practical measures that 

— —___ ———___-—______ | individual countries could take to 
Tungsten Value pain Value achieve these objectives in a reasonable 

(metric tons) (thousands) (metric tons) (thousands) | period of time. Specifically, the dele- 

Austiia. Oe CQSC*“‘CNC™C-:$32220~—=~*«*Y;:«C AKL’ stated that there was a need for 

Canada—~—~CS~S _ _ 8 62 the producers and exporters to be re- 

Germany, Federal 140 $1.604 31 331 sponsible and economically rational in 

Republic of their production and marketing polli- 

Japan —Ot—=CS~S _ _ 39 21 cies. They further agreed to carefully 

Mexico "1 3 °) 4 examine their sales practices on an in- 

ao ________. ; dividual basis, so as to ensure the con- 
Pakistan 14 104 — a sistency of price and supply. Recogniz- 

Singapore "17 100 86 648 ing the importance of the relationship 
Turkey — — 6 49 between the price of concentrates and | 
South Africa, — — (’) 4 tungsten intermediates, the Chinese 

-Republicof a Oe _______| delegation stated its intention to coor- 

Total * , 172 1,815 203 1,539 dinate the respective price levels. This 

1 Calculated based upon an estimated value of $60 tric unit WO would be accomplished by enhan cing 
21 ce than 1/2 unit ° na the administration of its export licens- 
3 Data may not add to totals shown because of independent rounding. ing system for tungsten and tungsten 

Source: Bureau of the Census. products. 

Domestic APT prices decreased about | 
25% during the year from a range of 
$87.63 to $88.74 per mtu in January 
1989 to a range of $66.41 to $67.79 by 

| the end of December. Prices for tungsten 

TABLE 9 metal powder and tungsten carbide pow- 

U.S. EXPORTS OF AMMONIUM PARATUNGSTATE, ar rear ated at $22 ener Soe 
BY COUNTRY kilogram, respectively. 

1988 1989 

Gross Tungsten Gross Tungsten 
Country weight content! Value Weight content! Value FOREIGN TRADE | 

(metric (metric (thousands) (metric (metric (thousands) 

tons) tons) tons) tons) . 

France. J $= eee J, Total U.S. imports of tungsten mate- 

Germany, Federal _ rials decreased about 6% in 1989. 

Republic of 58 Al 365 6 4 $71 China continued to be the dominant 

Hungary 10 7 73 10 7 83 SUPPIED providing nearly oe of all 

7 imported tungsten materials. Restric- 

SOME a0 . «09 ” *° *” tions in the imports of APT and TA 

Mexico so) @) 5 14 10 11 from China, in accordance with the 

nie OMA, were offset, as in 1988, by sig- 

Netherlands — — — 14 10 123 nificant imports of concentrates, ox- 
South Africa, ides, and sodium tungstate. Imports of 
Republic of 2 1 31 l l 10 concentrate from China increased by 
Sweden — — 14 10 123 34% compared with those of 1988. 
United Kingdom 48 34 398 69 49 595 China’s share of the total U.S. imports 
Venezuela 10 7 37 — — = of concentrate increased from 51% in 
Total? 246 = 174 1,601 178 127 1,503 1988 to 69% in 1989. 

, runesten content estimated by multiplying gross weight by 0.7066. US. pr Ocessor s of tungsten voiced 

3 Data may not add to totals shown because of independent rounding. Taniterion of tnporee of nae Ne 

Source: Bureau of the Census: from China was being circumvented by 
the import of tungsten oxides. Although 
total imports of APT and TA from 
China in 1989 were about 244 mt less 
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than the OMA quota of 622 mt, the TABLE 10 

combined imports of APT, TA, and ox- U.S. EXPORTS OF TUNGSTEN CARBIDE POWDER, 
ides exceeded the quota by about 80 mt. BY COUNTRY 

—.-.-—--- 1988 1989 

WORLD REVIEW | country Tungsten Value Tungsten Value 
Cc ° (metric tons) (thousands) (metric tons) (thousands) apacity SSIES SE -7- EEeeeaee 

The data in table 18 are rated capac- a a as . ve 
ity for mines and mills as of December — 
31, 1989. Rated capacity is defined as Austria ‘ iS st 1,202 
the maximum quantity of product that | Begum 6 243 21 784 
can be produced in a period of time on | Bl 2 79 17 530 
a normally sustainable long-term oper- | Canada 150 4,366 253 4,448 
ating rate, based on the physical equip- | Chile 1 24 I 29 

| ment of the plant, and given acceptable | Denmark 1 31 29 599 
routine operating procedures involving | Finland (') 13 4 97 
labor, energy, materials, and mainte- | France 1 43 82 1,866 
nance. Capacity includes both operat- | Germany, Federal __ 
ing plants and plants temporarily | Republic of 149 3,445 196 4,699 
closed that, in the judgment of the Hong Kong 1 22 2 56 
author, can be brought into production | jrgiasss)tSCS~S i 24 (') 19 
within a short period of time with | jjaq () 7 () 6 
minimum capital expenditure. Imael SCS , 63 (1) 5 

Mine capacity for tungsten is based lay 50 > 052 146 4.345 
on published reports, maximum pro- | —~———___ — , 
duction statistics, and estimates. The | J4P@"_ 64 1,372 88 1,291 
latter is utilized particularly for the | Kora, Republic of J 72 8 410 
centrally planned economy countries | Luxembourg () 7 5 159 
where capacity information is either | Malaysia 1 20 oo — 
incomplete or unavailable. Mexico 23 450 34 626 

. . Netherlands 9 460 32 889 

United Nations Conference on Trade Singapore” i 7 () 12 
| and Development (UNCTAD) South Africa, 

The UNCTAD Committee on Tung- | Republic of 3 82 45 573 
sten convened its 21st session in Geneva, | Spain 6 146 (') 10 
Switzerland, in December 1989. A Sec- | sweden t~S () 10 80 1,101 
retariat paper and national Statements | Switzerland 5 101 29 621 
presented to the Sessional Working Taiwan 10 265 5 116 
Group provided a review of current mar- | —————____ 
ket conditions. The Secretariat noted | Umted Kingdom 8° 82 16 2,087 
strong economic growth in tungsten- | Yemeela _ _ © 4 
consuming countries, as wellasincreased | Other, _ 40 3 _ 33 
trade, but continued low prices. Tung- | _Total? IB 15340386027, 209 
sten mines in many market economy , Less than 1/2 unit. 
c ountri esc ontinu e d to rem ai n cl ose d asa Data may not add to totals shown because of independent rounding. 

result of these low prices. Such actions as | ™°* ura of the Census. 
China’s licensing system to control tung- 

sten exports, the OMA signed between | 
China and the United States, and efforts 
by individual producer nations to achieve 
higher prices, had little or no effect on | the U.S. Defense Stockpile. These included the relevance of the 
the market. The statements of delegates As part of the Sessional Working | present European trading prices as a 
from several producing countries were | Group, a representative from Metal | basis; the need for continuing separate 
consistent with the Secretariat’s analysis. | Bulletin presented a detailed descrip- | scheelite and wolframite prices, and the 
Remarks by the Chinese delegation sug- | tion of the derivation of the publica- | importance of initiating individual 
gested that the market condition was due | tion’s quoted tungsten concentrate | quotations, namely, one reflecting the 
to a general economic slowdown, a | prices. It was noted that several ques- | trading of Chinese materials, and the 

stronger U.S. dollar, and psychological | tions were under review regarding the | other reflecting those of the rest of 
pressure from the overhang of material in | manner in which prices were quoted. | world. 
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TABLE 11 for consideration, suggestions, and com- 

U.S. EXPORTS OF TUNGSTEN AND TUNGSTEN ALLOY POWDER, | ™ents by each of the countries’ dele- 
BY COUNTRY gates. On the basis of these replies, it was 

3 anticipated that the Secretariat would 

ggg then be able to accumulate additional 

Gross Tungsten Gross Funesten R&D information through the country 

Country weight content! Value weight content! Value delegations and to report such results at 

(metric . (metric (thousands) (metric (metric (thousands) the next UNCTAD meeting. 

tons) tons) tons) tons) .. 

Australia 26 20 $647 35 28 $477 | European Communities (EC) 
Austria 29 3 630 85 68 923 As a result of its investigation into 

Belgium 7 6 135 i \ 18 complaints that China and the Repub- 

Bail 3 7 300 4 6 310 lic of Korea were dumping tungsten 

—_— materials into the EC, the EC Commis- 
Canada 70 56 1,630 36 29 790 . op . 

—_§——— sion proposed that specific duties be 

Denmark 23 19 478 43 | applied. In August 1989, the Commis- 
Finland 8 22 443 16 13 314 | sion recommended imposing duties of 

France OST 46 1,051 15 12 436 | 40% on ores and concentrates, 30% on 

Germany, Federal APT, and 40% on tungsten oxides and 

_Republicof 138 110 3,841 135 108 3,214 | tungstic acid imported from China. 

India 1 (*) 23 9 7 153 The question of the dumping of APT 

Israel 101 81 1,249 103 82 1,214 and tungsten carbide powder by the 

Italy 55 44 1,149 4 3 117 Republic of Korea was dismissed from 

Japan 10 8 200 28 22 695 further consideration by the Commis- 

Korea, Republic of 1 1 18 () () 9 sion. After further responses from EC 

Luxembourg” 5 4 113 _ _ _ members, the Commission also termi- 

Mexico. SM 5 4 181 7 6 173 nated its investigation into claims that 

Netherlands =-227,——~—~*«<2:'KD 2,620 365 292 4,470 | APT and tungsten metal powder were 
— ' ' being dumped by China. By yearend, 
Pakistan 2 1 41 () C) 8 deb . h : 

- ebate was continuing, however, re 

See 22 18 360 20 16 302 garding the imposition of duties on 

Republic of B 10 306 5 , 53 imports of Chinese ores and concen- 

trates, tungstic acid, tungsten oxides, 

Sweden 8B a4 1,206 19 15 153 and tungsten carbide powder. 
Switzerland | 31 25 544 7 6 234 

Taiwan 7 6 162 21 17 538 International Tungsten Industry 

Turkey 3 2 96 2 1 42 Association (ITTA) 

United Kingdom 14 11 367 32 26 865 The ITIA held its 2nd Annual Meeting 

Other ) () 5 4 2 103 in Tokyo, Japan, in October 1989. After 

Total? 948 759 17,616 954 7162 15,554 | election of a new president and vice 
TTungsten content estimated by multiplying gross weight by080.2=2=2~*~C“C~s—C—S~s~s~s~SSOSS—CSstt president, the secretary-general presented 

Less than 1/2 unit. a detailed market report, supported by 
3 Data may not add to totals shown because of independent rounding. statistics, elaborating on several aspects 

Source: Bureau of the Census. of the tungsten market. These included 
trade patterns, supply-demand condi- 

tions, actions regarding the U.S. Na- 
tional Defense Stockpile, price trends, 

During the discussions on statistics | and consuming countries, this discus- | and the status of the European Commis- 

and market developments, the Secretar- | sion was ended without evidence of any | sion’s antidumping investigation. On 

iat made a strong request for more | progress toward an agreement. Sugges- | the basis of this information, part of the 

complete reporting of statistics and for | tions to remove such discussions from subsequent discussions focused on at- 

participation by all countries in the | the agenda or to modify the words in tempting to understand the reasons for 

reporting of data. The lack of data | the agenda for the next meeting re- the low tungsten prices amid a relatively 

from the major producing countries | ceived support, but a consensus of the | strong demand during the year. 

with centrally planned economies was | full committee could not be reached. Membership in the ITIA was in- 

of continued concern. The Secretariat reported that efforts | creased by two; the Association gained 

The issue of market stabilization and | during the year to survey Research and | four members but lost two of its origi- 

the need for a commodity agreement to | Development (R&D) activities in tung- | nal members. The new members in- 

increase prices was again raised by the | sten resulted in only limited response. ‘To cluded one each from the United States 

Chinese delegation. After additional | further this effort, a sample question- | and Canada, and two from Japan. The 

remarks from delegates of producing | naire was introduced by the Secretariat | departing members were Eurotungstene 
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Poudres of France and China National TABLE 12 
Nonferrous Metals Import and Export U.S. EXPORTS OF MISCELLANEOUS 
Corp. The latter’s official reason for its TUNGSTEN-BEARING MATERIALS 
resignation was that the ITIA, which is 
essentially an industry, consumer-based ggg agg 
association, already had one of its sub- ——— — eae. : Tungsten Tungsten sidiaries, Zhuzhou Cemented Carbide, Product and country content Value content Value 
as a member. (metric (thousands) (metric (thousands) 

tons tons 

China Tungsten and tungsten alloy wire: 
The midyear political unrest had little Argentina 5 $491 (') $8 

effect on the production and shipment of Begum ©. 1 149 >) 23 
tungsten materials. Although some brief | 5, SOOtCOSCSCSOST 9 635 4 293 
delays and inconveniences were reported BulsaiaS—<—~CSsti‘isCSstS D 957 _ _ 
by buyers, there was essentially an unin- ee 
terrupted flow of material. Canada 28 3,125 ? 993 

Efforts were made by Chinato gaina | Colombia, 2 310 0) 29 
share of the market for drill bits usedin | _©ost@Rica 1 244 “) 27 
the mining and oil drilling industries. A | __ France 2 248 3 249 
private Norwegian company, Bjorn Germany, Federal Republic of 22 2,250 1 316. 
Hansen AS, reportedly was to sell the Hong Kong 1 114 1 63 
bits that are to be produced at the India 15 943 19 1,158 
Shanghai No. 1 petroleum machinery Israel 1 119 _ _ 
works. The cost of these bits was said Ttaly ©. 7 662 7 622 
to be considerably less than similar | “jayanSsst=<“Cs~S=sSSSSSS 19 1,933 10 954 
Sars manvractured in the United "Korea, Republicof—S 5 653 6 589 

ates and Europe. —Mexio. | 8 725° 9 810 
France Netherlands 1 146 1 127 

Bureau de Recherches Géologiques et | Poland. 2 102 0) 24 
Miniéres (BRGM), through its subsid- | _ Switzerland 1 125 oe 38 
lary, Cofromines, ceded its 51.15% inter- Taiwan 8 567 12 797 
est in Eurotungstene Poudres. The latter United Kingdom 9 1,132 6 849 
specializes in the production of tungsten Venezuela 7 1,388 2 474 
carbide powder, tungsten metal powder Other 1 158 4 246 
and intermediate products of tungsten. | Tomi? SS=~=C*~“‘<‘<‘“<=~CS*‘C*‘;«“C~S«SCSSCS (16,475 (‘i ktsti(it*é‘«é«SC« CS 
The majority of the Interest ceded by Unwrought tungsten and alloy in —x= — —= —— 
Cofromines was acquired by Cie Metal- crude form, waste, and scrap: 
lurgique et Miniere. Australia té=<CSti‘is~St*t~™S _ _ 3 81 

Israel Austra 12 266 (') 3 
. Belgium 4 «136 — — Construction of a tungsten metal | ——H— 

powder and tungsten carbide powder —Ganada 3 906 30 602 
production plant began in Ramat | CMe I 23 q 211 
Hovav. According to projections, the | France, ] 33 () 2 
facility would be in operation in about Germany, Federal Republic of 214 2,362 406 8,377 

2 years at a production capacity of 300 Israel 27 257 29 684 
mt per year. After 3 years, the capacity Japan 4 102 (’) 16 
was expected to be doubled. Feedstock Korea, Republic of 3 17 ] 43 
will consist of scrap tungsten that is to Sweden 25 307 11 122 
be processed using a newly developed Taiwan ti(‘i‘iSéSO~;~™ 1 37 12 269 
grinding and purification procedure. " UnitedKingdom tC—~™ 1 42 2 286 

Japan Other OB TT 
The Japanese Government added 2.8 Tota _ 346 4,098 7 10978 

days of domestic consumption of tung- | Other tungsten metal: 
sten to its ferroalloys stockpile. The | Australia l $215 8 $217 
private sector was expected to follow | _ Austria 2 85 ) 3 
the Government’s action by increasing Belgium 2 210 — — 
its stockpiles of tungsten by 1.2 days. Brazil (') 87 8 631 
Reportedly, the Government will sus- | See footnotes at end of table. 
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TABLE 12—Continued pend purchases when the Government 

U.S. EXPORTS OF MISCELLANEOUS and private inventories reach 42 and 18 

TUNGSTEN-BEARING MATERIALS days of domestic consumption, respec- 
tively. As a result of this year’s action, 

<< gg the inventories will stand at 28.2 and 

$$ ——___—______— | 12.1 days, respectively. 

Product and country ‘content Value ‘content Value 
(metric (thousands) (metric (thousands) Korea, Republic of 

tons) tons) Korea Tungsten Mining Co. Ltd. 

Other tungsten metal—Continued began production of tungsten wire at 

Canada 23 3,101 46 2,371 its Daegu facility in November 1989. 

Colombia si(‘Sét;~t*~*~*~*~*~™ \ 151 () 15 Output from this new plant was to 

Fane © 3 564 9 341 provide about one-half of the country’s 

Germany, Federal Republic of 6 856 25 1,056 estimatee annua. soa ay of wire, 

“fionsKongs.—=—<“Ct*~*s‘sS*S*S () 50 ; 31 predominantly for use as fil ament in 

ee lamp and lighting applications. The 

india I 116 2 99 | additional wire required to meet inter- 

_freland 138 32 4,124 | nal demand is expected to be acquired 
Italy 1 95 5 411 from traditional suppliers in Japan and 

Japan 14 3,523 40 4,081 the United States. 

Korea, Republic of 2 457 3 358 

Mexico ! 252 10 630 «| Spain 
Netherlands \ 378 1 174 | Two Spanish banks, the Banco de 

"Singapore | i 92 > 122 Credito Industrial and the Banco Es- 

~ South Africa, Republicof ! 107 \ 40 panol de Credito, acquired a 50% in- 

“spin 2”*é~=<CSté‘SSSS ' 65 5 94 terest in a restructured joint venture 

oH ; formed in efforts to reopen the La 

Sweden O 24 2 161 Parilla Tungsten Mine and mill near 

_ Switzerland 3 329 9 97 Merida. Officials of the new company, 

Taiwan 2 376 3 219 Grupo Minera La Parilla, stated that 

Thailand 1 52 1 68 they expected the project to be viable 
United Kingdom 7 817 9 792 even at 1989 tungsten concentrate 

Venezuela () 50 (') 4 prices. The mine was closed in 1987 

Other 1 108 1 408 after flooding problems and low mar- |: 

Total 6 12,307 330 16,597. | ket prices caused debts to mount. 

3 TT a TO 
Other tungsten compounds: Sweden 

Australia 1 $21 — — . . 
Austria. StCstC > 40 _ _ A report by the Swedish Mining As- 

Besium SCT () 10 _ _ sociation disclosed that the Yxsjoberg 

oe tungsten mine was closed in mid-1989. 

Brahe Hil — _ Officials of AB Statsgruvor, the opera- 

Canada I 40 — — | tor of the mine, stated that negative 

Chile I 25 — — market forecasts and low profitability 

China 34 130 — — were primary factors influencing their 

Finland (') 33 — — decision. Production of concentrate at 

France 5 297 _ _ the facility averaged an estimated 320 

Germany, Federal Republic of 2 121 3 $15 mt per year over the last 5 years. 

Hong Kong 1 61 —_— —_— 

Ireland (') 53 — — ——_— —__f__-— 

“sal i _ _ | CURRENT RESEARCH 
Italy 1 89 — — 

Japan I 67 — — Advancements in roll mill technol- 

_ Korea, Republicof 2 233 — — ogy increased the utility of cemented 

Mexico 3 112 (') 3 carbides in hot rolling applications.* A 
Netherlands 1 128 — — cast-in-carbide roll design incorporat- 

Singapore (?) 16 ) 20 ing a ring of cemented carbide, cast in 

Spain 2 15 _ _ place in ductile iron, has effectively 

Sweden () 3 _ _ eliminated problems associated with 

ca homunsneadosube  SSSSCSS~«*<*iS;Ctamnsmnittting torque to the carbide 
rings. As a result, the established use of 
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TABLE 12—Continued cemented carbides in cantilever-type 
U.S. EXPORTS OF MISCELLANEOUS rolls can be extended to intermediate 
TUNGSTEN-BEARING MATERIALS ro mills, finishing bar mills, and tube 

mills. 
ggg ggg New uses have been discovered for a 

Teo Tussle modified version of a high-illumination 
ungsten ungsten 

Product and country content Value content Value argon arc lamp developed by Vortek 
(metric (thousands) (metric (thousands) | Industries 4 Ltd., Vancouver, British 
tons) tons) Columbia.” A 300-kilowatt model, which 

Other tungsten compounds— utilizes tungsten electrodes, and reaches 
Continued an arc temperature of up to 13,000° C, 
Taiwan 4 27 — — has been used to anneal silicon wafers for 
United Kingdom 34 547 9 9 the electronics industry. The process is 
Venezuela () > _ _ cleaner and more controlled than tradi- 
Othr 1 7 _ _ tional heating techniques, resulting in 
 joal ge —r —__ ——— | improved wafer quality. The powerful otal 94 2,299 12 67 . . Tess Chan DUM | light source also is playing a role in the 

*Data may not add to totals shown because of independent rounding. development of the next generation of 
3 Includes only other tungstates. | aircraft structural materials. It has been 
Source: Bureau of the Census. employed to test the heat resistance of 

candidate materials for nose cones and 
wing leading edges. Another materials 
area where this lamp is finding increas- 

TABLE 13 ing application is in the thermal treat- 
ment of metals. 

U.S. IMPORTS FOR CONSUMPTION OF TUNGSTEN ORE A metal-matrix-composite-thermal- 
AND CONCENTRATE, BY COUNTRY spray coating material for wear resistance 

7 was developed by Alloy Technology In- | 
1988 1989 ternational Inc., Hewitt, NJ.° It is espe- 

Country Tungsten Val Tungsten Value cially effective in resisting attack by com- 
content ( thousan ds) content (thousands) binations of heat, corrosion, and wear. 

(metric tons) (metric tons) The powder, known as ResisTic, was said 
Austria — — 47 $346 to have double the wear resistance of 
Australia 235 $1,683 138 1,027 tungsten carbide-based coatings. 
Belgium 35 90 _ _ Titanium diboride isa substitute for 
Bolivia 978 5,685 753 4,515 tungsten carbide in some applications. 
Burma 43 14 29 182 A titanium diboride powder, requiring 
nada no pressure during sintering, was devel- Canada 134 1,381 — — . . 
Chie 10 102 oped by Union Carbide Corp., Ad- 

oo _ vanced Ceramics Div., Cleveland, OH.°® 
China 4,082 24,097 3,484 29,573 As a result, greater design flexibility in 
France 24 128 — — | the manufacture of products made 
Germany, Federal from it, including cutting tools, bear- 
Republicof 29 164 — — | ings and bearing liners, was obtained. 
Hong Kong 416 2,328 169 1,144 

Japan 57 376 32 172 

Mexico 167 945 113 834 

Netherlands 129 877 —_ — OUTLOOK 

Peru 370 2,185 666 4,006 << 
Portugal 466 3,423 333 2,580 
Singapore 13 74 _— _ Tungsten demand in the United 
Spain _ 4 38 _ _ States is keyed to several significant 

_ end-use sectors including construction Sweden 4 19 2 ° d mini hi and equipment 
Taiwan 9) 136 _ _ metalworking machinery, and lamps 
awa and lighting. A statistical projection 
Thailand 378 2,043 88 476 | for each of these end uses was corre- 
Turkey 244 920 31 150 | lated with a specific economic indicator 
United Kingdom 101 625 — — to provide a short-term demand fore- 

Total 8,045 48,265 7,896 45,077 cast through 1995. ee OD FO OTT 
Source: Bureau of the Census. : Correlation was excellent between 
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demand data for construction and min- a TABLE 14 

ing machinery and equipment and the | U.S. IMPORTS FOR CONSUMPTION OF AMMONIUM TUNGSTATE, 
Federal Reserve Board (FRB) index of BY COUNTRY . 

construction and allied equipment. Us- | 

age, predominantly as cemented car- | ——-""—"———————_,j,, ~+4989°”2”~CO*«‘C‘COCO”W 
: : . 1988 1989 

bide tools and equipment in wear- —_—$—__—_—_—— $$ _|_—— 

resistant applications, was projected to Country Tungsten Value Tungsten Value 
. content content 

reach approximately 5,500 mt by 1995. (metric tons) (thousands) (metric tons) (thousands) 
e e e : 

This increase, equivalent to an average Cina ””~—iTC“‘CONO™CO™®™O*S2OISS*O!#~!#«=SWOSs*«*«~‘S™SC*‘«SS«*SSATC*W 67 $2,615 310 $3,517 

of about 540 mt per year above that of Germany, Federal 
: . . ermany, Federal 

| 

1987 demand, will be associated with Republic of 308 3,029 27 388 

generally stronger activity in several | Korea, Republic of _ Republic of 60 553 _ _ 

industries. These include oil and natu- | 7 
“te . aiwan — — 30 224 

ral gas drilling, coal and nonfuel min- | —~ 
. : . United Kingdom — — 64 431 

erals mining, highway construction, | ———————_ ——— —_—_—__—_ ————___— ——_——_ 

and commercial and residential con- Tol SHOT 48D 

struction. The projection is contingent | S°™e Bua of the Census. 

upon stable to moderately higher world | 

oil prices. Should oil prices rise signif- 
icantly during this time, consumption 

could go considerably higher as the 

number of oil rigs is increased. _ : TABLE 15 

Correlation was good between de- | U.S. IMPORTS FOR CONSUMPTION OF FERROTUNGSTEN, 
mand data for metalworking machin- 

. BY COUNTRY 
ery and the FRB index for this end use. 

Accordingly, demand is expected to {| —2-——— eee 

reach about 6,800 mt by 1995. This is BB $$ 

equivalent to an average increase of Country Tungsten Value Tungsten Value 

about 340 mt per year over the 1987 (metric tons) (thousands) (metric tons) (thousands) 

level. Machine tool requirements in the Gude SGOC ee da 5 $10 7 7 

automotive and aerospace industries China 468 2.537 359 $1,982. 

should continue to remain strong. In | —————___——-- 

the automotive industry, in particular, Germany Federal 
. epublic of 13 83 l 4 

there is expected to be further need for | —~—__ —___ 
. “ae . “ae Netherlands 13 69 — — 

turning, milling, boring, drilling, tap- | ————_———_ aA 

ping and grinding tools associated with Switzerland 48 ° _ 

new transmission and engine machin- | United Kingdom OO. __3i7 _ _ 

ing systems. Consumption of cemented | _ Tota! ___599 3,261 360 1,986 

carbide tools to meet future industry | Source: Bureau of the Census. 

requirements will be tempered, how- 

ever, by continuing competition from | 

substitute materials including ceramics, 

ceramic composites, polycrystalline di- | of tungsten. In 1987, demand in lamps | sumption have been sufficient in spite of 

amond and cubic boron nitride. Fur- | and lighting represented 11% of the | minimal production at domestic mines in 

ther slowing the rate of demand for | total demand of 7,951 mt. In general, | recent years. It is uncertain, however, 

these cemented carbide products will be | the demand for lamps and lighting will whether this situation will exist through 

the increased use of ceramic coatingsto | increase as the population increases. | 1995. Questions remain as to the ability 

extend the life of the carbide. In addi- | The average annual growth rate in pop- | of the Chinese, the major supplier of 

tion, increases in the production of | ulation between 1987 and 1995 is cal- | these materials, to continue to meet a 

near-net-shape products by techniques | culated to be approximately 0.8% per | large portion of the world’s demand. 

such as precision casting, rolling and | year. Depletion of Chinese stocks or the re- 

forging, and powder metallurgy, will Total annual domestic consumption | sumption of political unrest could seri- 

lessen machining requirements. of tungsten by 1995 is projected to be | ously diminish China’s exports. 

Correlation was poor between lamps | approximately 17,000 mt. This assumes 

and lighting demand data and the FRB | that tungsten demand in the combined 

index of major electrical equipment | construction and mining machinery BACKGROUND 

and parts. Projected demand for 1995 | and equipment and metalworking ma- | ——————$@________—_ 

was about 850 mt. More realistically, | chinery industries will represent about as 

the demand for tungsten in lamps and | 70% of total tungsten consumption. Definitions 

lighting is expected to remain at about Supplies of tungsten concentrate and Tungsten, a silvery gray metal, has an 

9% to 12% of total U.S. consumption | intermediate materials for U.S. con- | atomic number of 74 and an atomic 
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TABLE 16 

; U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS weight of 183.92. Its most outstanding TUNGSTEN-BEARING MATERIALS 
physical property is its high melting 
point of 3,410° C, the highest of all. | ——-—-——$---A FSS . . 1988 1989 metals. Tungsten is one of the heaviest se 
of elements, with a density of 19.3 Product and country Tungsten Value Tungsten Value 
grams per cubic centimeter at 20° C. It (metric tonsy thousands) Gi ceric ton s) _ (thousands) 
has good corrosion resistance, good Wasteandscrap: 2 ~=~=~SO~=C~s=“‘C;‘ Ot! 
thermal and electrical conductivity, Autalia.s=S*S*~=<“<~=CsCti‘isCSstti‘<Stsi $04 5 $21 
and a low coefficient of expansion. At —avrt 
temperatures above 1,650° C, tungsten | —A¥S@ 3 25 5 37 
has the highest tensile strength of all | _Besum_ 2 8 8 35 
metals. - Canada 21 192 52 594 

Tungsten concentrate is sold in units China 562 3,726 192 1,790 
of tungsten trioxide (WO;). In the | _ France (’) 1 | — — 
United States sales are based on the Germany, Federal 
short ton unit of WO . This is equiva- Republic of 92 675 32 210 
lent to 1% of a short ton, or 20 pounds Hong Kong 4 54 6 60 
of WO, and contains 15.86 pounds of Hungary 5 37 5 36 
tungsten. In most other countries, Israel 1 94 114 653 
tungsten is sold in the metric ton unit. Italy 17 107 _ _ 

Natural or synthetic scheelite concen- | Japan st—<‘i‘—s™S™SCS 29 274 178 1,085 
trate, in nodular form, is ideal for direct ~ Korea, Republicof. StS _ _ 111 648 
addition to steel melts, since the calcium "Mexioo 5 33 10 90 
is removed as slag. Fine material in either | ——————————_______— 
synthetic or natural scheelite is not desir- | —Nethetands 61 1,435 248 2,216 
able because of high dust losses. Wol- | _Portueall 3 I 7 OO 
framite concentrate is not satisfactory for | _Simsapore 42 643 10 102 
steelmaking because of the manganese | South Africa, 
and tin content. _Republicof 44 351 24 143 

Tungsten ores and concentrates are | Sweden, 222 1,010 7 62 
converted into the following intermedi- | __ Switzerland 3 10 — — 
ate products: APT, tungstic acid, so- Taiwan 5 24 — — 
dium tungstate, tungsten metal powder, United Kingdom : 121 656 207 1,152 
and tungsten carbide powder. Most of Other 1 4 15 104 
the APT is reduced to tungsten metal Total 1,448 9,458 1,229 9,038 
powder, which then is processed into Unwrought tungsten, except = © = ——™—= => 
tungsten carbide powder. alloys, in lump, grains, and | 

Tungsten alloys and tungsten mill | powders: 
products such as rod, wire, and sheet Belgium 3 106 3 97 
are produced from hydrogen-reduced Canada 1 40 8 190 
tungsten metal powder. The tungsten Germany, Federal 
carbide produced from powder is ce- Republic of 20 581 32 713 
mented, usually with cobalt, to form Japan 2 82 4 95 
various cutting and wear-resistant tools Korea, Republic of a) 22 _ _ 

| and parts. . | Luxembourg 2 st—~CS~S _ oe () 4 
Tungsten chemicals (APT, tungstic ~ Mexiio. 1 14 () 3 

acid, and sodium tungstate) are pro- " ‘UnitedKingdomSOSt=~CS~S 3 190 47 371 
duced as coproducts at some tungsten “Other ¥ ; 34 74 
processing plants and as primary prod- | ———_____ _EY NT 
ucts at others. When not processed | TO! a _ 1,040 108 _ 1 AT 
further into metal powder, they gener- | U®wrought tungsten-ingots, shot, 
ally are used in the chemical industry. Alloys and other: 

Austria (') $45 4 $134 
“Belgium SSS | 33 _ - 

Products for Trade and Industry Canada 1 61 () 10 
Tungsten materials can be divided into China () 7 5 95 

four major classes, depending upon use: Germany, Federal 
(1) a carbide in cutting and wear-resistant Republic of 1 14 1 66 
materials, and welding and hard-facing | Other 4 213 () 27 
rods; (2) mill products made from essen- Total? 7 373 11 332 
tially pure metal; (3) an alloy constituent | see footnotes at end of table. 
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TABLE 16—Continued in high-speed and tool and die steels, 

U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS superalloys, and nonferrous alloys; and 
- TUNGSTEN-BEARING MATERIALS (4) various chemicals and compounds for 

nonmetallurgical applications. 

ss teppg Cid The extreme hardness of tungsten car- 

OO) bide at temperatures exceeding 1,000° C 

Product and country “ungsten Value Tungsten Value makes it a preferred metalworking mate- 

(metric tons)  (housands) — Gnetric tons) (thousands) | rial for cutting edges of machine tools 

Wrought tungsten-wire, plate, =~ OCOt~CS~=‘—SSOOO””SSOSOSOS subject to intense wear or abrasion, and 

sheet, strip, foil, and other: ? for metal surfaces in forming and shap- 

Austria g $769 17 $2,166 ing dies. The mining and petroleum in- 

Belgium tt—CSsti‘ 6 647 7 506 dustries use tungsten carbide in drill bits, 

Chin \ 60 () 5 in the cutting edges of earthmoving 

“France 0) 5 \ 105 equipment, and in crushing machinery. 

Japan 4 3.016 132 13.840 Tungsten carbide is used widely in wear 

a _ , parts of transportation and electrical 

_Korea, Republicof 4 72 ) 8 | equipment. 
_Netherlands 1 136 3 315 In most applications, tungsten carbide 

United Kingdom (’) 19 1 45 generally is cemented with a powdered 

Other 1 147 4 902 cobalt metal binder by compaction and 

Total 38 4,871 165 17,892 sintering. The cobalt content can range 

Tungstic acid: SSE ae—eoeeeee—<iS | from about 3 to 25 weight percent, with 

Ching ti(‘i‘OSOSOSCS™ 90 718 68 615 the higher content providing greater 

"Japan —O”—”~—~—CSstsSSSSS 3 10 _ _ shock resistance at a sacrifice in hard- 

Tol? gi(itC(‘<‘COS™S”*”#*é‘t;‘éSSCSC*«*;:CDSS- T. antalum and/ or titanium carbides . 

Calcium tungstate) ~=C=<“‘“‘SCCSSC OS || ATE used in conjunction with tungsten | — 

“Germany, Federal Republic of ‘ 360 4 7 carbide in certain cutting and chipping 

eee tools. Also, coatings such as titanlum 

Japan _ 0 — = eC | carbide, titanium nitride, and aluminum 

a 329 4 177 ___| oxide on tungsten carbide are used exten- 
Potassium tungstate: sively to increase the life of inserts for 

Germany, Federal Republic of 4 200 — — machining applications. 

India (?) 21 — — Mill products made from pure, or 

Total 4 | 11 _ _ substantially pure, tungsten metal pow- 

Sodiumtungstate: #2 = === | der are used in significant quantities by 

"China tti(<‘isSSSSCS 207 $1,896 328 $2,139 | the electrical and electronic industries. 

~ Germany, Federal Republic of _ _ () 5 Tungsten wire is used as the filament in 

“HonsKonp~=CS~S~S~S~S _ _ 178 1.375 electric lamps and as cathodes for elec- 

japan _ _ 4 137 tronic tubes. Disks produced from | — 

Japan CCL | tungsten rods or sheet are used in au- 

— Total —<Css 0 iG 1s __3,653___| tomotive distributor points, although 

Tungsten carbide: this end use is declining as the number 

Austria (') 4 1 8 of automobiles with electronic ignition 

Belgium 11 402 _ — systems increases. They are also used as 

Canada 6 193 47 1,027 contact points in numerous manufac- 

China 28 467 4A 783 tured products. Tungsten metal is em- 

~ Germany, Federal Republic of 459 8,515 420 7,602 ployed as heat and radiation shielding, 

"Japan ——”—~—<CSstsSSCSstst‘t 1 69 9 36 as electrodes for inert-gas welding, as 

Korea, Republicof—sts=~S 36 652 38 666 components of X-ray and cathode ray 

“Tuxemboug SOOCOCSCSOS 16 555 39 1.004 tubes, and as heating elements in high- 

av ° temperature resistance furnaces. Tung- 

_United Kingdom 12 263 25 518 | sten metal is used by the aerospace 

Other —“‘é‘“‘i‘“‘CsS IH 4 | industry because it retains its strength 

— Total?  —(—iCSB HS 83BT_—s«*E2,075__|_ at elevated temperature in reducing or 

See footnotes at end of table. inert atmospheres. The use of tungsten 

as a heavy metal for counterweights and 

balances, especially by the aircraft indus- 

try, has been replaced, to a significant 
extent, by depleted uranium, which ap- 
proaches the density of tungsten. 

Cast tungsten carbide is used princi- 
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TABLE 16—Continued ‘TABLE 18 

U.S. IMPORTS FOR CONSUMPTION OF MISCELLANEOUS WORLD TUNGSTEN ANNUAL 
TUNGSTEN-BEARING MATERIALS MINE PRODUCTION CAPACITY, 

, DECEMBER 31, 1989 

888 989 (Metric tons tungsten content) 

Product and country Tungsten Value Tungsten Value 
content (thousands) content (thousands) 7 Rated capacity! (metric tons) (metric tons) a ALE Capacity — 

Te North America: 

Austria SstS~S 84 $794 — — | _Ganada 3,000 
Canada stst—<CstsSS 7 188 _ a 300 
China s—<“tssSSC«SB 6,977 323 $3,283 United States | 3,700 

~ Germany, Federal Republic of tid 37 ( ; Total 7,000 
Japan —<“aiCSOSOSOSSCSCSCNCS”S 9 61 () 1 South America: 

“UnitedKingiomS™Sst~<CS~SsSS 61 : 22 | _ Argentina 40 
Tol CB SCtC‘CSt CCS S:«CT | _ Bolivia 1,300 

Mixtures, organie compounds, Brazil 500 
chief value in tungsten: Other — — () 8 Peru 1,100 

‘Less than 1/2 unit. Total 2,940 
“Data may not add to totals shown because of independent rounding. Europe: ores 
Estimated from reported gross weight. —— 

Source: Bureau of the Census. Austr la ee _ 1,300 

Czechoslovakia 50 

Portugal 1,400 

TABLE 17 Spain 400 

U.S. IMPORT DUTIES ON TUNGSTEN Sweden 30 
| U.S.S.R. | 9,200 

Rate of duty OOOSOC~S~S~S Total 12,700 

ne Item effective Jan. 1, 1989 Africa: 

Most favored nation (MFN) Non-MFN Rwanda 330 

concentrates tungsten content! tungsten content. Zaire 30 

2825903000 Tungsten oxides 10% 45.5% Zimbabwe 30 

28259060107 Tungstic acid 3.7% 25% Total | 400 
2827394000 Chlorides of tungsten 10% 45.5% Asia: an 
2841800010 Ammonium tungstates 10% 49.5% Burma 500 

2841800020 Calcium tungstate 10% 49.5% China 21,000 

2841800050 Other tungstates 10% 49.5% India 30 

2849903000 Tungsten carbide 10.5% 55.5% Japan 300 
2850001000 Other tungsten compounds 10% 45.5% Korea, North 500 

3823903500 Mixtures of inorganic Korea, Republic of 2,000 

tongsten emervane 10% 45.5% —Maleysia ° 
7202800000  Ferrotungsten and Mongolia 2,000 

ferrosilicon tungsten 5.6% 35% Thailand 750 
8101100000 Tungsten powders 10.5% 58% Turkey 200 
8101911000 Tungsten waste and scrap 4.2% 50% Total 27,290 
8101915000 Unwrought tungsten 6.6% 60% Oceania: 

8101920000 _ Wrought tungsten—bar, Australia 3,300 
rod, sheet, etc. 6.5% 60% New Zealand - 10 

8101930000 Wrought tungsten—wire 6.5% 60% Total 3,310 
8101990000 Wrought tungsten—other 5.5% 45% World total 53,640 
' Temporarily suspended through Dec. 31, 1990. Includes capacity at operating mines as well as mines on standby 
2 HTS No. specific for tungstic acid effective on July 1, 1989. Included under HTS No. 2825906000, other metal oxides and hydroxides, basis. 

during the period Jan. 1, 1989 to June 30, 1989. 

1116 , | TUNGSTEN MINERALS YEARBOOK— 1989



a 

TABLE 19 with adequate electrical conductivity. 

TUNGSTEN: WORLD CONCENTRATE PRODUCTION, BY COUNTRY’ Nonmetallurgical applications of 
tungsten include chemicals used in tex- 

(Metric tons of tungsten content) tile dyes, paints, enamels, toners, and 
coloring glass. Certain tungsten com- 

Country 1985 1986 1987 1988? 1989° | pounds are luminescent and used as 

Argentina | 17 20 18 17 20 | phosphors in pigments, X-ray screens, 

Australia 1,971 1,600 1,150 1,281 1,250 | television picture tubes, and fluorescent 

Austria 1,481 1,387 1,250 1,235 1,245 | lighting. Sodium tungstate is employed 
Bolivia. ~~—«*21,643 1,095 638 900 1,075 | 48 a corrosion inhibitor and a fire- 

Bail 1,090 875 672 433 450 proofing agent in textiles. APT is used 
— in making catalysts for the refining of 

- Burma 945 715 493 307 300 . 
Sa petroleum. Among other chemical ap- 
Canada 3,174 "1,959 — — — | plications, tungsten compounds are 
Chinaf «P'S, 000 15,000 21,000 21,000 21,000 | used in chemical-vapor deposition, as 
Czechoslovakia © 50 50 45 50 50 | catalysts in other chemical processing, 
France 735 "987 — — — | and as laboratory reagents. 
Guatemala 18 — — — — The chief nonindustrial use of tung- 

India 28 23 26 r €30) 25 | sten is in armor-piercing ordnance, but 

Japan } 568 579 259 266 300 | this has been replaced, in part, by 

Korea, North® 1,000 1,000 500 500 500 | depleted uranium. 
Korea, Republic of 2,579 2,455 2,375 2,029 1,800 | ___ Ee 

Malaysia 13 TA — — — 1 Refers to metric tons of tungsten content throughout 

Mexico 282 294 213 206 225 | chapter. 
Mongolia® 1.500 1.500 1.500 2.000 > 200 Equals 1% of a metric ton of WO, and contains 7.93 

a , ? ’ ’ ’ kilograms of tungsten. 

New Zealand +7 (7) a) °5 5 333 Metal Producing. A New Concept in Carbide Hot 
Peru ti (i‘CSéC;C~™S 771 742 259 545 1,100 | Rolls. V. 27, No. 12, 1989, pp. 30-35. : 

Portugal 1,766 1,657 1,207 1,382 1,300 a5 ean erie & Processes. A Bright Idea. V. 

Rwanda 167 13 ~— ~ a > Materials Engineering. Composite Powder For Wear 

Spain 458 495 81 80 80 | Coating. V. 106, No. 7, 1989, p. 14. 

Sweden 402 357 334 © 320 180 6 Advanced Materials & Processes. Titanium Diboride 

Thailand 586 475 705 651 700 ea Sintered Without Pressure. V. 135, No. 5, 1989, 

Turkey® 100 50 3187 3142 150 

Uganda® 4 4 4 4 4 | OTHER SOURCES OF INFORMATION 
U.S.S.R.° 9,200 9,200 9,200 9,200 9,300 

United States 996 780 34 WwW W | Bureau of Mines Publications 

Zaire 18 27 21 20 20 Tungsten. Reported monthly in Mineral 

Zimbabwe* 10 1 1 1 1 Industry Surveys 
Total ti‘(<‘élétét«~*é«CGO«S‘QW "43,344 42,177 42,604 43,280 Minerals Today. A bimonthly 

€Estimated. ° Preliminary. ‘Revised. _W Withheld to avoid disclosing company proprietary data; not included in “Total.” publication. 

' Table includes data available through Apr. 5, 1990. Other Sources 

ops than figure American Metal Market (daily paper). 

Metals Week. 
Metal Bulletin (London). 

pally as a hard-facing material. In this | ing, construction, and mining indus- Metalworking News. 

application, carbide particles are ap- | tries. Certain grades of stainless and UNCTAD Reports. Meeting of 

plied by a welding process to provide an | other alloy steels contain tungsten to Committee on Tungsten. 

abrasion-resisting surface layer on the | improve wear and abrasion resistance, Media Release. Meeting of Government 

surface to be coated. The carbide may | shock resistance, corrosion resistance, Representatives of Tungsten Producing 

be initially in the form of rod or loose | and/or strength at high temperatures. and Exporting Countries. 

grains in a tube. Tungsten is an important constituent Market Report. ITIA Annual General 
As an alloy constituent, tungsten is | in a wide variety of superalloys and Meeting. 

used primarily in the production of | nonferrous alloys. Tungsten-containing 

high-speed steels and tool and die | superalloys are being utilized increas- 
steels. Hardness and oxidation resis- | ingly in high-temperature applications 
tance at elevated temperatures are the | for their high-temperature strength and 

most important properties possessed by | oxidation resistance. Tungsten alloyed 
these steels, which are used for machin- | with copper or silver is used for electri- 
ery and equipment in the metalwork- | cal contacts to provide wear resistance 
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TABLE 20 

TUNGSTEN: WORLD CONCENTRATE CONSUMPTION, BY COUNTRY! 

(Metric tons of tungsten content) 

Country” 1985 1986 1987 1988P 1989° 

Argentina 28 25 65 30 30 

Australia 111 94 *200 120 130 

Austria © | 2,000 2,000 2,000 2,100 1,800 

Belgium-Luxembourg 341 30 ©50 ©50 50 | 
Brazil 1,048 672 867 753 688 

Bulgaria ‘* 100 100 100 100 100 

Canada? 12 12 10 10 10 

| China? 7,500 7,500 5,000 5,000 5,000 

Czechoslovakia * 1,300 1,300 1,300 1,300 1,300 

France 808 667 269 34 — 

German Democratic Republic‘ *300 *300 300 300 300 

Germany, Federal Republic of? 2,073 1,720 1,863 2,144 2,100 

Hungary ° 400 400 400 500 500 

India 250 *230 ©250 *250 250 

Italy? 92 80 86 100 100 

Japan 2,616 2,145 2,116 1,980 1,578 
Korea, North* 1,000 “800 500 500 500 

Korea, Republic of 2,048 1,987 “1,950 1,580 1,600 

Mexico 79 42 64 9 5 

Netherlands * 400 350 300 330 350 

Poland? 603 1,264 744 424 100 

Portugal 158 40 20 — _ 

South Africa, Republic of* 250 250 250 250 250 

Spain 29 159 “100 29 — 

Sweden 820 855 567 550 550 

U.S.S.R.? 16,000 16,000 16,000 16,000 16,000 

United Kingdom ° 600 580 550 575 2500 

United States 6,838 4,804 5,506 7,832 47,725 

Total 47,804 44,406 41,427 42,850 41,516 
“Estimated. P Preliminary. ‘Revised. 

1 Source, unless otherwise specified, is Tungsten Statistics, 1989, Annual! Bulletin of the UNCTAD Committee on Tungsten. 

2 Estimated by the Bureau of Mines. , 

3 Apparent consumption, production plus imports minus exports. 

4 Reported figure. 
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By Henry E. Hilliard | 

Mr. Hilliard, a physical scientist with more than 20 years Bureau of Mines experience, has been the commodity specialist 

for vanadium since 1986. Domestic survey data were prepared by Lisa Harley, mineral data assistant, and international data 

tables were prepared by William L. Zajac, Chief, International Data Section. | 

he year 1988 proved to be a | for ¥0s and downstream vanadium | LEGISLATION AND 
ducers as tight supply and | 1990 producer prices for V,O, were GOVERNMENT PROGRAMS 

strong demand by the steel | expected to fall to about $2.50 per 

industry and other consumers pushed | pound. Spot market prices were ex- On January 1, 1989, the United States 

up the price of vanadium compounds. | pected to fall even lower to about $2.30 | and Canada implemented the United | 

The U.S. steel industry, which ac- | per pound. States-Canadian Free Trade Agreement 

counted for about 85% of domestic U.S. reported consumption of vana- | (FTA). The objective of the agreement 

consumption, recorded its highest ship- | dium was 5,117 tons, a 4% decrease | was to eliminate barriers to trade, facili- 

ments since 1980’s. By the end of 1989, | from 1988 consumption. tate conditions of fair competition, liber- 

vanadium’s fortunes had turned full alize conditions for investment, establish 

circle as the market witnessed prices | 
headed for levels lower than at any time | - | 

since the early 1980s. Price surges in 
the fourth quarter of 1988 and the first TABLE 1 
part of 1989 produced the usual results, | 

a significant increase in production and SALIENT VANADIUM STATISTICS 

prices followed by a rise in inventories (Short tons of contained vanadium unless otherwise specified) 
and a consequent slump in prices. 
Fourth quarter 1988 vanadium pentox- | ——————_{__———————— 

ide (V,O,) prices of about $3.50 per 98519861987 1988P 1989" 

pound held through the second quarter | United States: | 
1989. Then, demand for ferrovana- Production: 

dium (FeV) by the steel industry and Ore and concentrate: 

aluminum-vanadium (AI-V) master al- Recoverable vanadium! W Ww W W Ww 

loys by the aerospace industry in- Value. thousands WwW WwW WW 

creased sharply. At the same time, op- Vanadium oxide recovered from 
erating problems developed in some ore2 Ww w WwW W Ww 

producer units, causing an apparent Vanadium recovered from.sst—(‘i‘—~™~™~*~SO 

shortage and forcing some consumers petroleum residue? 2,695 2,330 2,508 3,252 2,633 

to buy V,O,; and downstream vana- | Consumption 4,883 4,308 4,653 5,329 5,117 
dium products from alternate sources | Exports: 
at higher prices. Producers of tool and ~ Ferrovanadium (gross weight) 453 513 436 629 544 

other specialty steels were especially | —G.anaconcentraie.  . .3..0.©6860ti‘i‘i‘ ee 

hard hit as the price for V0, soared to |] <2 _| si 
: Vanadium pentoxide anhydride 

more than $7.00 per pound. As prices | (gross weight) 1,527 1,544 1,461 1,220 4,124 
continued to rise, consum ers began to Other compounds (gross weight) 322 343 479 978 1,709 
build inventories in anticipation of even, |§ ———————————— SS 

| higher prices and tighter supplies ex- Imports (general); 

pected in the third quarter. Some con- _Ferrovanadium (gross weight) 977— 74742 BCT 
sumers began to substitute other mate- __Ore, slag, ash and residues 303 2,013 2,264 3,986 3,484 
rials for vanadium. By fourth quarter Vanadium pentoxide, anhydride 63 443 357 421 148 

1989, it was clear that consumer inven- | World: Production from ore, 

tories were excessive and, as producers | concentrate, slag* 33,299 32,530 31,315 33,660 33,800 
added new capacity, meeting demand | ‘Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data. 

posed no problem. Having built up ' Recoverarable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium recoverd from 

large stocks, consumers deferred mak- >Produced dretly fom al domentie ores ond ferronhosphorus slag; includes metavandates. 

ing new purchases while they reduced | *inciudes vanadium recovered from fly ash, residues, and spent catalysts. 
their inventories. Predictably, prices | ‘exctudes US. production. 
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procedures for the resolution of disputes, | are assigned the same 10-digit classifica- | and critical material because of the 
and lay the foundation for further bilat- | tion code. 7 | | significant import dependence of the 
eral and multilateral cooperation. The On July 11, 1989, the U.S. House of | United States for its vanadium supply 
new agreement contained rules and safe- | Representatives passed House Bill (H.R. | and because of essential use of vana- 

guards designed to ensure that minerals, | 491) calling for a 3-year mining research | dium in equipment for defense, energy, 
metals, and material products that orig- | initiative aimed at reducing the U.S. | and transportation. 
inate or are produced in either country | dependency on the Republic of South The industrialized countries of the 
have equal access to both markets. Africa and the U.S.S.R. for strategic | Western World are highly dependent on | 

Before enactment of the FTA, about | and critical minerals. During the 3-year | imports of vanadium pentoxide and 
70% of the goods that crossed the United | period, the Bureau of. Mines would be | vanadium-bearing slag from the Re- 
States-Canadian border were free of | charged with examining new extractive | public of South Africa, which was the 
duty. The remaining 30% will have their | technologies to recover from domestic | world’s largest producer of vanadium 
duty removed in one of three ways: (1) | deposits such strategic minerals as chro- | in 1989, accounting for about 60% of 
duty elimination as of January 1, 1989, | mium, manganese, platinum group met- | the vanadium produced by market 
(2) duty elimination in five equal steps by | als, vanadium and several other metals. | economy countries. Between 1983 and 
January 1, 1993, and (4) duty elimina- | If the bill were to become law, it would | 1988, 44% of U.S. vanadium imports 

tion in ten equal steps by January 1, | cost the government $5 million the first | came directly from the Republic of 
1998. Rates of duty, effective with respect | year, $10 million the second, and $15 | South Africa. Additional material was 
to goods originating in the territory of | million the third year. Most studies | processed in Western Europe and then 
Canada and entered on or after January | would be completed by 1992. imported to the United States as FeV or 
1, 1989 through January 1, 1993 are In July 1989 the Senate passed legisla- | V,0;. The European Community (EC) 
shown in the following table: tion that would establish a Government- | and Japan were more heavily depen- 

dent on South African imports than the 
ee S|:« United =States. In 1988, for example, 

HTS January 1, January1, January 1, January 1, January 1, | 60% of the pentoxide consumed by 

Subheading 19891990 199192193 | «Japan came from the Republic of 
7202.92.00 3.3% 2.5% 1.6% 8% Free. South Africa. Any extended cutback in 

2850.00.20 12.8% 9.6% 6.4% 3.2% Free. supplies from the Republic of South 

2841.90.10 8.9% | 6.7% 4.4% 2.2% Free. Africa would seriously upset the bal- 
2825.30.00 12.8% 9.6% 6.4% 3.2% Free. ance between supply and demand in the 

8112.40.60 2.4% 1.8% 1.2% 6% Free. market economy countries. Sizable, 
2841.90.10 8.9% 6.7% 44% 2.2% Free, | Mear-term deficits could only be offset 

| bY Material from China or the U.S.S.R. 

Stockpile 

| It should be noted that the FTA had no | owned US. enrichment corporation and The National Defense Stockpile 
effect on the tariffs of either country | provide some relief for the ailing domes- | (NDS) had a 1989 goal of 7,700 tons of 
with third countries. tic uranium-vanadium mining and mill- | vanadium contained in V,O, and 1,000 

On August 23, 1988, Congress enacted | ing industry. The new corporation would | tons in FeV. Actual yearend stockpile 
the Omnibus Trade and Competitiveness | operate as a private company and pre- | inventories were only 721 tons of vana- 
Act (Public Law 100-418). The stated | sumably be more competitive. The Trea- | dium as V,O;. The 1989 fiscal year 
objective of the act was to enhance the | sury Department would own all of the | Defense Authorization Act required the 
competitiveness of the Nation’s indus- | stock and collect dividends, if any, gen- | Department of Defense to outline plans 
tries and to improve the management of | erated by the $1.5-billion-a-year enter- | for at least $20 million in upgrading 
U.S. trade strategy. The Act also included | prise. A companion bill (H.R. 2480) was | projects. The Department responded 
provisions modifying U.S. customs laws | introduced in the House on May 24, | by submitting to Congress an ambi- 
and tariff schedules. Subtitle B of the | 1989. Both bills (Senate bill 83 and H.R. | tious $30 million plan to upgrade vana- 
Act required that all tariff schedules after | 2480) were referred to several committees | dium pentoxide and other materials in 
January 1, 1989, conform to nomencla- | where their disposition was uncertain. | the NDS. To justify the planned up- 
ture of the internationally established | H.R. 491 also faced an uncertain future | grading program, Defense stated that, 
Harmonized Tariff System (HTS), an | because the Administration and the Bu- | although the need for some traditional 
international system for classifying prod- | reau of Mines have stated that its provi- | stockpile materials remains substantial, 
ucts for tariff purposes that had already | sions would duplicate efforts already | current and projected military strategies 
been adopted by most U.S. trading part- | underway. and high-technology weapons systems 
ners. The new law restructured the old would require more of the advanced and 

U.S. import-export classification system. | = CCCCCSCSCSCSCSCSSC#S:s Upgraded forrmss of industrial materials 
The new schedule B classification was | STRATEGIC and less of the conventional materials 
based on the organizational framework and unprocessed mineral ores. In August 
of the Tariff Schedule of the United CONSIDERATIONS 1989, the Defense Logistics Agency 
States Annotated (TSUSA). That means (DLA) issued its upgrading solicita- 
that equivalent import and export items Vanadium is classified as a strategic | tion of about 1,300 tons of Grade-A 
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TABLE 2 content. The trend toward heavier, sour Capacity 

STOCKPILE STATUS, crude and a tightening of sulfur restric- Producer Plant (short tons 

DECEMBER 31, 1989 tions on fuel products led to the devel- location pentoxide 

| opment of the “Flexicoking” process, So year) 
(Short tons of contained vanadium) which concentrated 99% of the metals AMAX Metals 

. . : Recovery Corp. 
| in the feed in a 2% solid purge from the (a subsidiary of 

Material Goal Inventory | system. This material has become an | AMAX Inc.) Braithwaithe, LA 2,000 | 

Vanadium pentoxide 7,700 721 important source of vanadium, and in | GurChemial (a (tt ttt—CS~S 

Ferrovanadium 1,000 _ some instances, molybdenum and | & Metallurgical 

eos see «toil. Att the same time, the combus- | Corp. Freeport, TX 1,500 

tion of increasingly metalliferous fuel | Kerr McGee 

V,0,. The solicitation was withdrawn a | oils at power plants created a second _Chemical Corp. Soda Springs, ID 2,200 _ 

few weeks later, but was expected to be | source of feed materials in the form of UMETCO 

reissued in the second or third quarter | fly ash and boiler scale. During this Minerals Corp. Blanding, UT 7,500 

of 1990. period the author performed chemical | U:S. Vanadium 
analyses on some boiler scales that corp. a 

S| s contained as much as 35 weight percent | of Strateor) Hot Springs, AR _—_7,500 

ISSUES (wt %) V,0;. More than 30% of the | 

—————_______———— | VO, produced in the United States is 
now being recovered from refinery res- In January, Atlas Minerals an- 

Before 1984-85, more than one-half | idues, fly ash, boiler scale, and spent | nounced the sale of all its Utah and 

of the vanadium mined in the United | catalysts. In 1989, 2,600 tons of vana- | Colorado uranium and vanadium prop- 

States was recovered as a coproduct | dium was recovered as oxides from | erties and related mining equipment. 

with uranium from sandstone mined on | these mostly imported petroliferous | The sale finalized an earlier decision by 

the Colorado Plateau. Companies re- | materials. This source of vanadium | Atlas to withdraw completely from the 

covering vanadium from uranium ores | may also dry up as clean air standards uranium-vanadium business. The com- 

were hurt by the downturn in nuclear | lead to a tightening of sulfur restric- | pany was also reviewing an engineering 

power plant construction in the after- | tions on fuel oil products leading to less study with the Nuclear Regulatory 

math of the Three Mile Island nuclear | production of vanadium containing resi- | Commission (NRC) that would allow 

reactor accident and the subsequent | dues. Gradual depletion of Colorado | Atlas to finalize the decommissioning 

reduced demand for enriched uranium. | Plateau vanadiferous uranium ores that | and reclamation plan for its Moab, UT, 

Worldwide recession, high interest | have been the principal source of domes- | uranium-vanadium operations. The 

rates, and the cancellation of power- | tic vanadium and the expected reduction | Moab mill had the capacity to produce 

plant construction in the United States | of available petroleum residues will re- | about 2,200 tons per year of V,Os. 

caused the Nuclear Exchange Corp. | quire the development of alternative In February, Strategic Minerals 

(Nuexco) exchange value of uranium | sources to maintain domestic self- | Corp. (Stratcor), based in Danbury, 

oxide (U;O,) to plummet from $40.75 | sufficiency in this strategic mineral. CT, announced plans to renovate and 

per pound in early 1980 to less than | expand its multimillion dollar ferrova- 

$10.00 per pound in 1989. The ex- |; _- —SSSSSSSSSFSFSFSFSFSFSFFFSSSSSSSSSSSSSSSSSSSSSSSS nadium facility at Niagara Falls, NY. 

change value is Nuexco’s judgment of | PRODUCTION | The expansion included new furnace 

the price at which transactions for sig-_ | operations that allowed Stratcor to in- 

nificant quantities of uranium concen- crease its output of Nitrovan by about 

trates could be concluded on a speci- Vanadium is often considered to be an | 50%. Nitrovan, a proprietary com- 

fied date. Value is based on bids to buy | uncommon element, but actually its | pound containing vanadium and nitro- 

and offers to sell, as well as recently | abundance in the earth’s crust is compa- | gen, can be used by steelmakers for 

completed and pending transactions. rable with or greater than that of nickel, | strengthening steel in place of standard 

A direct result of the price decrease | zinc, and copper. Although there is a | FeV. The company also announced 

was mill closing and decommissioning, | plentiful supply of vanadium, it is one of | plans to double its capacity for the 

personnel cutbacks, and cancelled de- | the most expensive elements to recover. production of vanadium tetrachloride 

velopment and expansion plans. This | In most cases, whether vanadium occurs | to help meet growing demand for va- 

unstable situation had the potential for | as a primary ore, co-ore, or in petro- | nadium catalysts. 

creating a much higher degree of de- | leum, the vanadium content of the ma- The Niagara Falls plant depended on 

pendence by the United States on South | terial usually runs 1.5% VO, or less. | Stratcor’s Hot Springs, AR, mill for 

African and Chinese imports. How- | V,O, is the principal starting material for | supplies of VO; that it converted to 

ever, some of the slack was taken up by | the production of all vanadium com- | FeV and other vanadium chemicals. 

increased recovery from petroleum res- | pounds. Therefore, when one speaks of | The mill, operated by U.S. Vanadium 

idues. Recovery of vanadium from this | vanadium production or the supply side | Corp., a subsidiary of Stratcor, pro- 

source increased during the 1973 Arab | of the industry, only those involved inthe | duced V,O; from a variety of raw 

oil embargo. Increased demand for pe- | production of V,O, should be included. materials, including vanadium-bearing 

troleum caused refiners to process | U.S. vanadium pentoxide producers are |‘slag and petroleum refinery residues. 

crude oils with high-sulfur and -metal | shown in the following table: Delays in obtaining raw materials and 
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difficulties with reactivating some | down by about 2% from that of 1988. Korea, and Mexico were the leading im- 
mothballed equipment kept V,O; sup- | Another part could be attributed to | porters of U.S. materials. Most countries 
plies from Hot Springs lower than ex- | substitution of other materials or treat- imported VO, almost exclusively. Aus- 
pected. This caused temporary cut- | ments for vanadium, although an un- | tria, Canada, and the Republic of Korea 
backs on expected shipments of FeV | certain amount could be assigned to | also imported substantial quantities of 
to customers. The problems at Hot | reduced reporting by consumers to Bu- | FeV. Exports of VO, totaled 2,310 tons, 
Springs were eventually cleared, ensur- | reau of Mines surveys. almost double 1988 exports. The average 
ing an adequate supply of VO, for the About 85% of all vanadium con- | declared value of the pentoxide was $7.62 
production of FeV and the expanded | sumed is accounted for by use in the | per pound of contained V. Exports of 
Nitrovan facilities. steel industry as an alloying agent. An- | FeV totaled 544 tons gross weight, down 
AMAX Metals Recovery Corp. oper- | other 10% is used in aerospace tita- | from 909 tons in 1988. The average de- 

ated a spent catalyst treatment plant in | nium alloys with the remainder in | clared value of the FeV was $18.70 per 
Braithwaite, LA, that recovered vana- | chemical and catalyst preparations. Va- | pound of contained V. 
dium and other metals from petroleum | nadium is an essential but not totally Imports for consumption of vana- 
refinery catalyst. In 1989, the plant | indispensable alloying metal. Often the | dium raw materials and down-stream 
produced, in addition to more than | addition of micro amounts can provide | vanadium compounds increased over 
1,000 tons V,0,, 90 tons of molybde- | considerable improvement in perform- | 1988 imports. FeV imports totaled 716 
num trisulfide and 10 tons of cobalt | ance without further processing or a | tons gross weight, up from 147 tons in 
concentrate. The company planned to | significant increase in cost over stan- | 1988 and 422 tons in 1987. The im- 
expand its product base to include ex- | dard grades. When alloyed with steel, | ported FeV averaged 81% vanadium 
tracting chromite from waste acid solu- | vanadium combines with carbon or ni- | with a mean custom value of $12.34 per 
tions that were used to etch aluminum | trogen or both, then precipitates, caus- pound of contained V. Canada was the 
and vanadium from fly ash. No time- | ing an increase in strength and tough- largest source of FeV with shipments of 
frame was given for completion of the | ness. In addition, vanadium provides | 163 tons, followed by the Federal Re- 
expansion. The company also planned | such added benefits as better weldabil- | public of Germany, 128 tons, and Aus- 
to recover vanadium from waste Stret- | ity and heat resistance. Various metals, | tria, 109 tons. V,O,; imports totaled 

| ford process solutions that were used to | such as columbium, manganese, mo- | 102 tons of contained V, down from 
scrub hydrogen sulfide from gas streams. | lybdenum, titanium, and tungsten, are | 241 tons in 1988; the average declared 

Production of V,0O, _ increased | interchangeable with vanadium, but so | value was $9.39 per pound of contained 
sharply at Umetco Minerals Corp.’s | far there are no substitutes for vana- | V. Imports of vanadium-bearing slag 
Blanding, UT, mill. Production aver- | dium in the all-important aerospace | and residues totaled more than 6,000 
aged about 330 tons per month. Total | titanium alloys that are used in jet | tons of contained V. About 44% of 
production in 1988 was only about 600 | engine mountings and wing structures. | these imports were from the Republic 
tons. A major portion of the 1989 | High-purity vanadium compounds are | South Africa in the form of vanadium 
production represented toll work. The | used as catalysts in the production of bearing iron-slag. Another 28% was 
mill, which is jointly owned with En- | sulfuric acid, maleic anhydride, and in vanadium-bearing steel slag from 
ergy Fuels Nuclear Corp., produced | pollution control technology where it is | Chile. The remaining 28% consisted of 
VO, at the rate of about 500 tons per | necessary to remove hydrogen sulfide | an assortment of petroleum residues, 
month during the first quarter. The mill | gas from flu gases (Stretford Process). spent catalyst, and fly ash. 
was then shut down in the second quar- | In only a few chemical applications can 
ter for routine maintenance and im- | platinum and nickel replace vanadium 
provements to the vanadium extraction | catalyst. WORLD REVIEW | 
process. Production resumed in Sep- ee 

| tember. Output of vanadium increased | ee 
in part because demand increased and | STOCKS © Industry Structure 
prices rose sharply, but also because the | ——____ Vanadium was traded on the world 
Blanding Mill was the only mill still in market in vanadium-bearing slag, petro- 
operating condition capable of recover- Reported consumers’ and producers’ | leum residues, technical grade V,O,, and 
ing vanadium from uranium-vanadium | stocks of vanadium oxides, metal, al- | FeV. The Republic of South Africa was 
ores. loys, and chemicals totaled 1,736 tons | the largest producer, providing more than 

contained vanadium at yearend com- | 60% of the Western World’s market. 
a S*Y:séspparred with 1,396 at yearend 1988. Most of the Republic of South Africa’s 
CONSUMPTION AND USES exports of vanadium were in vanadium- 

ef éCbearing iron slag. Japan and Western 
FOREIGN TRADE Europe were the chief importers of this 

Reported consumption of vanadium | ———-—————-—-—————————_ | material. While the United States im- 
was a little more than 5,000 tons of ported slag from the Republic of South 
contained vanadium or about 4% less While overall exports of vanadium | Africa, it also imported slag, fly ash, 
than in 1988. Part of this reduction was | products were slightly lower than in | petroleum residues, and spent catalyst 
attributed to reduced demand by the | 1988, VO, exports were up sharply in | from many sources. The large importers 
steel industry, in which production was | 1989. Canada, Brazil, the Republic of | of vanadium raw materials, for example, 
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TABLE 3 

- VANADIUM SUPPLY-DEMAND RELATIONSHIPS AND PRICES 

(Short tons vanadium content) 

I CT 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989° 

World production from ores, slag, and concentrates 

Recovered basis: 

United States 5,758 5,506 6,368 4,867 2,433 2,620 WwW WwW W WwW W 

World, other 31,791 33,475 33,652 31,800 27,916 32,675 33,2993 2,5303 1,3153 3,6603 3,800 

Total 37,549 38,981 40,020 36,667 30,349 35,295 33,299 32,530 31,315 33,660 33,800 

Component and distribution of U.S. supply 

Components of U.S. 

supply: 

Primary production, 

domestic mines 5,758 5,506 6,368 4,867 2,433 ' 2,620 WwW WwW W W W 

Imports, 

ferrovanadium — 517 263 984 670 681 1,171 7719 605 342 119 441 

Imports, ores, slag, | | | 

and residues 2,442 1,786 2,435 1,112 58 633 303 2,013 2,264 3,986 3,484 

Imports, vanadium 

pentoxide 907 856 334 119 (377 149 11 248 229 421 102 

Imports, other | 1,519 1,304 1,400 1,090 1,078 2,210 193 201 94 122 397 

Shipments of . 

Government stockpile | 

excesses — — — — — — 68 —112 — — —_— — 

Industry stocks, 

January 1 11,374 11,089 11,155 12,502 12,564 12,102 10,486 1,842 2,057  ~—: 1,396 612 

Total U.S. supply 22,517 20,804 22,676 20,360 17,191 18,817 11,657 4,909 4,986 6,044 5,036 

Distribution of U.S. | | 

supply: 

Industry stocks, | 
December 31 11,089 11,155 12,502 12,564 11,748 10,486 WwW WwW W W W 

Exports, ore 101 46 56 57 59 12 3 86 — — — 

Exports, : 

ferrovanadium 616 562 304 229 542 328 318 415 348 503 434 

Exports, vanadium 

pentoxide 353 406 194 886 1,484 2,079 855 192 134 683 2,310 

Exports, other 190 114 36 217 57 183 193 343 479 548 957 

Industrial demand 10,168 8,521 9,584 6,406 3,301 5,729 W W WwW WwW WwW 

U.S. demand pattern (SIC) 

Building and heavy 
construction 1,170 950 1,100 920 490 740 W WwW W WwW W 

Chemicals 460 310 220 140 50 130 W W WwW WwW WwW 

Machinery, construction 

machinery and 

industrial equipment 1,330 1,210 1,390 790 390 730 W W W WwW WwW 

Machinery, metalworking 

machinery and tools 1,740 960 880 540 450 750 W WwW WwW W W 

Mining, quarrying, and 

lumbering 190 150 160 90 60 110 W W Ww WwW W 

Oil and gas industries 800 1,170 1,730 860 100 290 W WwW WwW W W 

Transportation 3,550 2,960 3,200 2,260 1,350 2,370 WwW W WwW WwW W 

Other 928 811 904 806 411 609 W W WwW WwW WwW 

Total U.S. primary 

demand 10,168 8,521 9,584 6,406 3,301 5,729 W W WwW WwW W 

See footnotes at end of table. 
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TABLE 3—Continued 

VANADIUM SUPPLY-DEMAND RELATIONSHIPS AND PRICES 

(Short tons vanadium content) 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989° 

Prices | 
Average annual, actual 

(dollars per pound 
vanadium content) 6.05 6.33 6.28 6.25 6.25 6.25 ~ 6.25 6.25 6.2 8.95 7.50 

Average annual, based 
on constant 1989 

_, dollars (dollars per 
pound) P 9.72 9.32 8.43 7.89 7.89 7.89 7.89 7.89 7.89 9.31 7.50 

“Estimated. W Withheld to avoid disclosing company proprietary data. 

slag, were the chief exporters of V,05, | the deposit at its wholly owned Wagoo | sonably well defined geologic structure 
FeV, and other downstream vanadium | Hills project in the Murchison District | known as Shepard’s Discordant Zone 

: products. This trade was dominated by a | of Western Australia. Surprisingly, the | (SDZ) that extends along a 10 mile 
few large West European converters who | titanium and vanadium mineralization strike within PMA’s property. The lat- 
competed not only within Europe, but | was found to grade up to 0.93% V,O, | est sampling was carried out across the 
also exported to many smaller consumers | and 12% titanium dioxide (TiO,). The | SDZ in areas of abundant titano- 
outside of Europe. Reliable statistics | deposit lies within a distinct and rea- magnetite surface rock with samples 
from the U.S.S.R. were not available but | 
it is believed to be second only to the 
Republic of South Africa in vanadium TABLE 4 

ibe with other Ease Bloc cours. | _-«-»« PRODUCERS OF VANADIUM ALLOYS OR METAL 
Capacity | 

The data in table 7 reflect rated capac- Producer Plant location Products ! 
ity for mills producing vanadium oxides | Affiliated Metals and Minerals Inc. Newcastle, PA FeV. 
as of December 31, 1989. Included in | KB Alloys Inc. Henderson, KY VAI, ZrVAI. 
this data is the capacity to produce| Do = +~+~+~~+~Wanatchee,WA.~~—~—~SCSO:CDSCO vanadium-bearing iron slag and petro- | Reading AlloysInc. |||||+~Robesonia,PA.~=*=S*é=<“S*‘“<~i~VCVAC@LCS:S:*C~*S leum coke. Rated capacity is defined as Shieldalloy Metallurgical Corp. .+~=~=~s< Cambridge, OH ~=~*~*~*~S*~*«~é «serovars 
the maximum quantity of product that Strategic Minerals Corp. =~=~=~—~S*«~Ngarai Falls, NY.—~—~—~~—*FV,, VAI, Nitrovan2 
can be produced on a normally long- Teledyne Wah Chang Albany = ~~ Ailbany,OR.~C”:C~C:::CC VALS 
term operating rate, based on the physi- FeV, Ferrovanadium; V, vanadium metal: VAL, vanadium-aluminum alloy, ZiVAL, asconiumwanadiumalominam anon cal equipment of the plan t and given oRevitent ums a vane eect vanadium-aluminum alloy; ZrVAl, zirconium-vanadium-aluminum alloy. 

acceptable routine operating procedures ° ied 
involving labor, energy, materials, and 
maintenance. Capacity includes both op- TABLE 5 

lose thane ane rougher U.S. CONSUMPTION AND CONSUMER STOCKS OF 
production within a short period with VANADIUM MATERIALS, BY FORM 
minimum capital expenditure. (Short tons of contained vanadium) 

Australia 
ggg ggg Western Australia has large deposits Form _.-Endine Ending 

of magnetite ores containing vanadium Consumption sto oke Consumption stocks 
and titanium. The deposit, consisting Ferrovanadium' ~=~—~O~*C*«~C:«“<~“=AACSCS”*~“*‘“‘C*éCB‘WLC (‘SN LT 
of a large magnetite-rich intrusive rock, | —————_______ 13 7 31 0 
was analyzed more than 20 years ago Oxide 
and found to contain only about 0.32% | Ammonium metavanadate W Ww w w V,0;. This deposit was ignored for | Other® __ 36 ___ 898 _160 many years because of the low price of | _ Total? 5,329 704 SHy NS 
vanadium. As the price of vanadium Py withheld to avoid disclosing company proprietary data, included with “Other.” -tly to tee 

climbed in 1987 and 1988, Precious 2 Consists orineipally of vanadium-aluminum alloy and relatively eral quantities of other vanadium alloys and vanadium metal. 
Metals Australia (PMA) reevaluated | :pata may not add to totals shown because of independent rounding. 
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TABLE 6 TABLE 7 Suncor. Carbovan also had access to 

U.S. CONSUMPTION OF WORLD VANADIUM PENTOXIDE | flyash that had been stockpiled by Sun- 

VANADIUM IN 1989, BY END USE ANNUAL PRODUCTION cor over the years. In addition to these 
CAPACITY. DECEMBER 31, 1989! supplies of raw materials, Carbovan ob- 

(Short tons of contained vanadium) ’ ? tained agreements to purchase vana- 

(Short tons of vanadium content) dium-rich spent catalyst discharged by 

End use Quantity various petroleum processors in Canada. 

Steel: Countr Rated | Initial concepts of Carbovan’s recov- 
ee y , 2 

Carbon 1,216 capacity ery process were developed by Renzy 

~ Stainless and heat-resisting 106 | Australia 1,600. Mines in 1972. Between 1972 and 1985, 

“Fullaloy = Ot~S 999 (| Brazil — Renzy spent about $500,000 to further 

“High-strength low-alloy 1,350 | Canada 850 develop and improve the process. In 

“Tol ~~SCOtCSstCS 463 | Chile 2,500 mid-1985, Renzy and Agra entered into 

“Unspecified w | China 9,000 | an agreement to conduct further re- 

ea TZ gg | South Africa, Republic of 30,000 search and development of the Renzy 
_ A , USSR... 10.500 process. Under terms of the agreement, 

Cast irons 200 | ee __—__—__- ° Agra provided financial, management, 

Superalloys 42 | United States 0 12,100 and engineering support to the re- 

Alloys (excluding steels and Venezuela 2,700 search. After expenditures of $1.5 mil- 

superalloys): Other market economy lion and 3 years of research and devel- 

Cutting and wear-resistant countries 0D Opment, an economical process was 

__Materials W | _Total «9850 developed. The process utilized a hy- 
Welding and alloy hard-facing ' Includes capacity to produce vanadiferous iron slag and drometallurgical flotation technique to 

__tods and materials 8 | rincladee capacity of operating plants, as well as plants on | Yemmove carbon from the fly ash. The 
__Nonferrous alloys W | standby basis. carbon free ash fraction was next 

Other alloys ' 816 treated with a high-temperature alka- 
Chemicals and ceramics: line leach and pulse column solvent 

Catalysts 10 | Ltd. and Fairfax Financial Holdings Ltd. | extraction circuits to extract vanadium. : 

Other? w_ | of Toronto, Ontario, to construct a vana- 

Miscellaneous and unspecified 96 | dium pentoxide facility at Fort McMurry, Chile 

Grandtowl?>—S~=CS~=<CSsS*s*C<Cs«‘“CsSt*‘<sS TTT «|: Alberta. Thee plant, which cost $14 mnil- Compania Minera del Pacifico 

W Withheld to avoid disclosing company proprietary data, | HON, was designed to extract about 2.5 (CMP), Chile’s sole iron ore and pellet 

included with “Miscellaneous and unspecified.” million pounds per year of V,O, from | producer, examined the possibility of 

Includes magnetic alloys. waste fly ash produced by the Suncor | producing and exporting vanadium 
Includes pigments. . 2 . . . 

5 Data do not add to total shown because of independent round. | Lc. oil sands plant.” The Athabasca oil from its El Romeral Mine where the 

ing of converted units. : sands, located in northern Alberta, was | iron ore has a grade of 0.5% to 0.7% 
well known for its wealth of oil, and a | vanadium.’ A three-stage laboratory, 

number of projects have been launched | pilot plant, and economic study was 

collected at two- and six-yard intervals. | to extract it. Less known was the fact that | completed, and the company began an 

Indications were that the region was | a number of other elements, including | engineering study to determine the type 

likely to contain up to 40 million tons | vanadium, were also found in the oil | of equipment required. Based on previ- 

of high iron magnetite ore containing | sands. In fact, the Athabasca oil sands | ous findings, Pacifico decided to use a 

an average of 0.75% VO, and as much | may prove to be the largest reserves of | roast-leach process to produce vana- 

as 12% titanium.! vanadium in North America. dium as a byproduct from the concen- 

Preliminary metallurgical work sug- Vanadium appeared in the oil sands | tration of 1,500 tons per day of iron ore 

gested that a magnetite concentrate | only in trace concentrations, making | from El Romeral. The company hoped 

could be produced from grinding and | economic recovery impossible. How- | to earn about $25 million per year from 

magnetic separation. An $86 million | ever, when the material was treated to vanadium exports. 

mine development and processing plant | recover heavy oil, vanadium was con- 
was planned to produce about 2,100 | centrated in a stream of waste petro- | China 
tons of V,O, per year. leum coke. Subsequent burning of this China’s production of vanadium- 

The deposit ranks as a potentially | coke in the plant’s power steamboiler | bearing iron slag was 93,750 tons in 

significant iron ore discovery, but given | produced a fly ash consisting mainly of 1989.4 Approximately 80% of the out- 

the long distance from the nearest port, | carbon and V,O, concentrations rang- | put was from the Panzhihua Steel 

it would be more economic to extract | ing from 2% to 5%. The Alberta Sun- | Works in Sichuan Province. Slag from 

the vanadium and titanium and discard | cor and Syncrude refineries produced | this plant averaged 14% V,O;, which 

the iron as waste. about 43,000 tons of fly ash per year. | placed China’s vanadium production 

To secure access to the vanadium-rich | at about 7,400 tons of contained vana- 

Canada flyash, Carbovan Inc., obtained an ex- | dium; only the Republic of South Af- 

Agra Industries Ltd. of Saskatoon, | clusive long-term agreement to pur- | rica and the U.S.S.R. produced more. 

Saskatchewan, teamed with Renzy Mines | chase the waste flyash produced by Vanadium production was down 
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TABLE 8 over 60% capacity. The company ex- 
U.S. IMPORT DUTIES, JANUARY 1, 1989 pected that full production would be 

achieved during 1990. 
TTT os _040900000090I000 I I Other established producers in the 

| Tariff item! Number Navin (MEN) Fave Ne ton Republic of South Africa are Vametco 
Ores and concentrates _——=====~=«615,90.6090 ‘Free. +—=—=—=SFree._~—~—=S~«éd;:«St Bphuthatswana, owned by Strate- Slag *9619.00.9030. ees Eee | Bie Minerals Corp. of the United 
Fee | States, and Transvaal Alloys, which 
Ash and residues 0 2620.50.0000_ Free. Free, produced VO, and other vanadium 
Vanadium pentoxide anhydride 2825.30.0010 16.0% ad val. 40% ad val. _| chemicals. The Republic of South Af. 
Vanadium oxides and hydroxides, other § 2825.30.0050 16.0% ad val. 40% ad val. rica’s domestic consumption of vana- 
Vanadates 2841.90.1000 11.2% ad val. 40% ad val. dium was believed to be about 1% of its 

Ferrovanadium 7202.92.0000 4.2% ad val. 25% ad val. total production. 
Aluminum-vanadium master alloys 7601 .20.9030 Free. 10.5% ad val. 
Waste and scrap 8112.40.3000 Free. Free. 
' Specific import classes only. 
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| OUTLOOK 
about 4% from 1988 production be- | which tends to introduce impurities, (2) 
cause of a reduction in the operating | direct energy costs were claimed to be | Outlook For 1990 
level at Panzhihua. Exports were also | up to 5% lower, (3) the vanadium yield Vanadium shipments in 1990 are ex- 
lower than in previous years, mostly | was at least 90% compared with | pected to decline approximately 3% to 
because of increased internal demand. | around 80% for a rotary kiln, and (4) | about 5,500 tons. The decline is ex- 

| chemical costs were reduced by about | pected to be the result of a weakness in 
South Africa, Republic of : 50% because a rotary kiln requires 7 wt | a key vanadium consuming sector, steel 

The Republic of South Africa, the | % soda ash compared with 4 wt % for | used for nonresidential construction, 
world’s largest producer of vanadium, | a shaft furnace. Usco anticipated the | without equal offsetting growth in 
was projected to increase its capacity by | cost of production of V,O, flake would | other important markets. Demand for | _ 
28% over 1988’s capacity and produce | be in the range of $4,500 to $4,700 per | the transportation sector is expected to 
about 40% more of the alloying element | ton. Mechanical commissioning of the | be adversely affected by lower sales of 
by 1990. In 1988, production of vana- | beneficiation plant at Rhovan’s Mine, domestically produced motor vehicles. 
dium marked an alltime high of 63 mil- | which provided the magnetite concen- | The appliance industry is likely to buy 
lion pounds of V,0O,, more than 10% | trate, was completed and wet commis- | less steel because of a decline in hous- 
above 1987 production. Production fig- | sioning was scheduled to start in March | ing starts. On the bright side, some 
ures for 1989 were not available, but were | 1990.° Brandeis Goldschmidt Ltd., pickup in demand for aluminum-vana- 
expected to be about the same, or slightly | headquartered in London, acted as sole | dium alloys can be anticipated from 
less, than 1988 production. Sales of va- | agent for V,0, produced by Usco. aerospace industries, which are benefit- 
nadium totaled 28,900 tons V,O,, of Highveld Steel & Vanadium Corp., the | ing from increased demand for air trans- 
which 653 tons was used internally and | world’s largest vanadium producer, was ports. Also, increased demand is antici- 
28,300 tons was exported.” forced to cut production at its Vantra | pated from large capital goods industries 

Most of the planned increase in ca- | Plant by two-thirds because of low spot | that are benefiting from increased capital 
pacity was from a new facility, which | market prices. Production of vanadium | investment and increased exports. Indi- 
was to obtain its feedstock from re- | in iron slag at the Highveld steel plant | vidually, aerospace and capital goods in- 
serves of titaniferous magnetite in Bo- | was not affected by the cutback. The | dustries are much smaller consumers of 
phuthatswana. The project, designed | decision to cut production at Vantra was | vanadium than the other important mar- 
to produce 9,900 tons of V,O; annu- | an attempt by Highveld to stabilize prices | kets. Vanadium exports are expected to 
ally, was a co-operative venture between | at a comfortable level and maintain a | rise moderately. 
Union Steel Corp. (Usco) and Rhom- | balance between supply and demand. The likely drawdown of inventories 
bus Exploration (RhoEx) to exploit a The newest South African VO, pro- | by vanadium consumers through the 
high-grade deposit stretching over a | ducer, Vansa Vanadium Corp., began | first and second quarters of 1990 
distance of 10.5 miles. Ore reserves | production in October 1988. Its opera- | should also have an adverse effect on 
were estimated to be sufficient to sup- | tions were supplied by the Kennedy’s | domestic demand. Consumers are ex- 
port production for about 100 years. Vale high-grade ore deposit. The plant, | pected to draw down their inventories 

The company extracted VO; by the | located in Eastern Transvaal, had a | because they are no longer concerned 
roast-leach process. While other South | design capacity of 3,000 tons per year | about difficulties in obtaining vana- 
African producers used a rotary kiln or | of V,0;. The company reported that, | dium in a timely manner and at a 
a conventional furnace to roast the ore, | as a result of postcommissioning prob- | reasonable price. Prices of most prod- 
Usco used a shaft furnace. This furnace | lems, the plant had been unable to | ucts are likely to stabilize. 
reportedly had several advantages: (1) | achieve its full design capacity. For Nearly every segment of the chemical 
the furnace was fired by South African | most of the fiscal year ending Septem- | industry using vanadium catalysts is 
synthetic oil (Sasol) gas instead of coal, | ber 30, 1989, the plant operated at just | growing. Strong demand for chemicals 
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and polymers, for fuel from petroleum, , from which vanadium can be econom- 
for products that reduce pollution, and BACKGROUND ically extracted as a single product. It is 
for biological materials, is increasing. therefore often extracted as a byproduct 
With few exceptions, most sulfuric acid Vanadium has been used as an alloying | or coproduct in the production of other 
produced in the world is made by burn- | element in steel since 1902, when it was | elements, such as iron, phosphorus, or 
ing sulfur to produce the oxide and | first added to tool steels used for high- | uranium. Increasing amounts are being 
then oxidizing the dioxide to the triox- | speed machining operations. It was | recovered from clays, petroleum resi- 
ide using VO, catalyst on a diatoma- | found that vanadium prevented grain | dues, and spent catalysts. At present 
ceous earth carrier. Growth in demand | growth in tungsten-bearing steels and | projected rates of consumption, world 
for this type of catalyst is forecast to be | enabled the steels to maintain their hard- | reserves of vanadium should last far 
slow. Resurging markets for vanadium | ness at the high temperatures generated | beyond the year 2000. The world also 
catalyst in other sectors of the chemical | in tool steels during high-speed machin- | has extensive subeconomic resources of 
industry are providing new incentives | ing. Vanadium is also widely used in high | vanadium contained in oil sands, car- 
for research and development in vana- | temperature steels used in steam power | bonaceous shale, and bauxite. 
dium catalysts and in processes that | plants. Chromium-vanadium steels are The Republic of South Africa is the 
require their use. used for steel pipes and headers and | world’s largest producer of ore and 

molybdenum-vanadium steels are used | vanadium-bearing slag. Its annual pro- 
Long-Term Prospects for rotors because of the high creep resis- | duction of more than 17,000 tons is 

Long-term prospects for this highly | tance produced by vanadium carbides. An | approached only by production in the 
cyclical industry depend on a number of | increasing amount of vanadium has been | U.S.S.R. The bulk of U.S.S.R. produc- 
factors. Producers will certainly be ad- | used in the production of high-strength | tion is consumed internally or by other 
versely affected by any future economic | low-alloy (HSLA) steels to provide yield | Eastern Block countries. Other major 
downturn. Because of restructuring and | points between 36 and 47 kilograms per | producers include the United States, and 
downsizing that has occurred in the in- | square millimeter. The addition of small | China. Canada, Japan, and Western Eu- 

_| dustry since the last recession, the indus- | amounts of vanadium, often less than .1 | rope are heavily dependent on imports of 
try will be better able to cope with a | wt %, to an ordinary carbon steel can | vanadium slag and pentoxide from the 
recession than it was in the early 1980’s. | significantly increase its strength and im- | Republic of South Africa. Any disrup- 
Traditional forces, such as the demand | prove both its toughness and ductility. | tion of South African supplies could 
for motor vehicles and machinery, the | HSLA steels with high yield points are | seriously upset the balance between va- 
level of economic activity, and the use of | attractive for structures such as automo- | nadium supply and demand. World de- 
substitute materials, will continue to be | biles, bridges, high-rise buildings, and | mand is forecast to increase by about 2% 
of central importance. The strength of | pipelines where advantage can be taken of | per year, with total world demand reach- 
the U.S. dollar and its trade effects will | the savings in weight produced by the | ing 45,000 tons by the year 2000. World 
also influence the industry’s long-term | high-yield points. Vanadium is also used | production in 1989, including produc- 
future. extensively to provide elevated temperature | tion from petroliferous materials and 

Fundamental changes over the past 10 | strength to certain aerospace titanium al- | spent catalysts, was estimated to be 
years in the industry and in the general | loys, the most common of which is an | 37,400 tons, of which about 2,600 tons 
economy have all but precluded the pos- | alloy containing 6 wt % aluminum and 4 | was produced in the United States from 
sibility of a return to the late 1970’s and | wt % vanadium. This alloy is widely used | petroleum residues and spent catalysts. 

early 1980’s level of vanadium mining | for aircraft engine casings and fans and 
activity. There will almost certainly be | accounts for about 10% of US. vanadium | Definitions, Grades, and 
fewer tons of domestic ore shipped and | use. Oxides and chlorides of vanadium | Specifications 
fewer mine workers by 1995 than there | play important roles as catalysts in the The term “ferrovanadium,” as used 
were in 1989. Production of V,O, from | production of sulfuric acid, maleic anhy- | by the Bureau of Mines, includes 
fly ash, spent catalyst, and petroleum | dride, synthetic rubber, and other key in- | vanadium-carbon-iron-nitrogen propri- 
residues will continue to increase. Given | termediate organic chemicals. etary alloys as well as the conventional 
favorable economic conditions, plants us- Vanadium is found in many parts of | forms of ferrovanadium. Some of the 
ing these materials as feed will have higher | the world, but usually in association | more common commercial products 
average sales and be more profitable. with other minerals. There are few ores | are listed in the following table: 

Alloy Composition, weight percent 

Vanadium Carbon Nitrogen Aluminum Silicon Phosphorus Sulfur Manganese 

50%-60% ferrovanadium 50.0-60.0 0.2 max. — 2.0 max. 1.0 max. 0.05 max. 0.05 max. — 

10%-80% ferrovanadium 70.0-80.0 — — 1.0 max. 2.5 max. .OS max. .10 max. — 

80% ferrovanadium 77.0-83.0 .5 max. — .5 max. 1.25 max. .OS max. .OS max 0.5 max. 

Proprietary alloys: 

Carvan (Stratcor) 82.0-86.0 10.5-14.5 — .1 max. .10 max. .OS max. .10 max. .OS max. 

Ferovan (Shieldalloy) 42.0 min. .85 max. — — 7.0 max. — — 4.50 max. 

Nitrovan (Stratcor) 78.0-82.0 10.0-12.0 6.0 min. .1 max. .1 max. .OS max. .O1 max. .0O5 max. 
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A standard specification for ferrovana- | shown in table (12). The other 17% of | occurs in a wide range of geologic 
dium has been developed by the Amer- | the vanadium was recovered from di- | provinces and environments. At the 
ican Society for Testing Materials | verse petroliferous materials. same time, ore deposits of vanadium 
(ASTM).’ The second tier is a set of economi- | are rare because much of the vanadium 
Aluminum-vanadium master alloys | cally unrelated facilities that include (1) | in igneous rocks occurs dispersed in the 

contain fixed ratios of vanadium to | pig iron plants with slag recovery units, | relatively insoluble trivalent state and is 
aluminum and are used in the manu- | (2) elemental phosphorus smelters, and | substituting for ferric iron in ferromag- 
facture of titanium alloys. Amounts of | (3) generators of petroleum residues, | nesian silicates, magnetite, ilmenite, 
vanadium up to 1 wt % improve the | fly ash, and spent catalysts that contain | and chromite. | 
strength of titanium-base alloys and | vanadium either as the active material | 

promote their thermal stability in the | or as a contaminant. | Technology 
presence of moderate amounts of alu- The third tier consists of acid- ) 
minum. When amounts greater than 4 | leaching plants with solvent extraction Processing—lIn the United States, va- 
wt % are added, the titanium base- | circuits, and salt-roasting operations. | nadium is recovered as a principal mine 
alloy can be significantly strengthened | Technical grade V,0, and NH,VO; are | product, as a coproduct from carnotite 
by heat treatment. The three most im- | the principal products at this level. ores, and as a byproduct from ferrophos- 
portant commercial titanium alloys | To have an easily marketable product, it | phorus slag in the production of elemen- 
containing vanadium are Ti-6AI-4V, | is customary at this point to either convert | tal phosphorus. Increasingly, it is also 
Ti-6Al-4V-2Sn, and Ti-8Al-1Mo-1V. | the oxides into an alloy or upgrade their | being recovered from petroleum refinery 
Ti-6AI-4V alloy presently accounts for | purity to greater than 98.5 wt %. The two | residues, fly ash, and spent catalysts. In 

more than one-half of the titanium- | traditional alloy products have been the | the Republic of South Africa and China, 
base alloy market. 80 wt % ferrovanadium and 35 wt % | vanadium is recovered as a byproduct of 

aluminum-vanadium master alloy. Varia- | pig iron production from titaniferous 
tions of five different reduction processes | magnetite. | 

_ | Products for Trade and Industry are currently in use throughout the world, The first stage in the processing of 
Vanadium is usually traded on the | with aluminum, carbon, or silicon serving | vanadium ore is the production of an 

international market in the form of | as the reductant. These conversion and | oxide concentrate. The ore is crushed, 
technical grade V,O,; and ferrovana- | upgrading plants, which form the fourth | ground, screened, and mixed with a 
dium. Most world exports of vanadium | tier of the structure, may be located a | sodium salt. This mixture is roasted at 
raw material is in the form of | considerable distance from the mills and | about 850 °C to convert the oxides to 
vanadium-bearing iron slag from the | slag plants and frequently blend feed ma- | water-soluble sodium metavanadate. 
Republic of South Africa and China, | terials to improve recovery. The vanadium is extracted by leaching 
while U.S. and west European convert- Of the more than 30 privately owned | with water and precipitated at pH 3 as 
ers are the major importers of these | producers, only 1, the Republic of South | sodium hexavanadate (red cake) by the 
materials. U.S. and west European con- | Africa’s Highveld, operates facilities at | addition of sulfuric acid. The red cake 
verters are the major exporters of vana- | all 4 lower levels and can be considered | is fused at 700 °C to yield a dense black 
dium oxides, which supply the many | totally integrated. Highveld has plants | product that is sold as technical grade 
small consuming countries, and com- | that process vanadiferous-magnetite ores | vanadium pentoxide. Technical grade 
pete for the major markets for im- | from the Bushveld Igneous Complex. | vanadium pentoxide contains a mini- 
ported pentoxide in Japan and the | Two other producers, Shieldalloy Metal- | mum of 86 wt % pentoxide and a 
Republic of Korea. Trade in ferrovana- | lurgical Corp. and Stratcor, have exten- | maximum 8 wt % sodium oxide. The 
dium is dominated by the major Euro- | sive operations on the second, third, and | red cake may be further purified by | 
pean exporters. A large part of this | fourth tiers. Shieldalloy traditionally uses | dissolving it in an aqueous solution of 
trade is within Europe but exports are | Highveld slag as its starting material for | sodium carbonate. Aluminum, iron, 
made to many other consuming coun- | low vanadium grades of ferrovanadium. | and silicate impurities precipitate from 
tries, particularly by the Federal Re- The fifth tier is composed of produc- | solution upon pH adjustment. Ammo- 
public of Germany. ers of vanadium specialty alloys, high- | nium metavanadate is then precipitated 

purity vanadium metal, primary vana- | by the addition of ammonium chloride. 

dium chemicals, and vanadium catalysts. | The precipitate is calcined to give a 
Industry Structure Reading Alloys Inc., Akzo Chemical, | vanadium pentoxide product of greater 

The vanadium industry has a five- | and Teledyne Wah Chang Albany illus- | than 99.8% purity. 
tiered structure with facilities on all six | trate the diversity of operations at this Vanadium is extracted as a coproduct 
continents. As expected, mines and oil | level. with uranium from carnotite by direct 
fields form the base of the structure leaching of the ore with sulfuric acid. 
(figure 1). Since 1979, an estimated | Geology-Resources An alternative method is roasting the 
83% of world production has come The crustal abundance of vanadium | ore followed by countercurrent leach- 
from vanadiferous magnetite (Fe,O,). | is estimated to be 100 to 150 parts per | ing with dilute sulfuric acid. In some 
The principal sources of the magnetite | million (ppm), about twice that of cop- | cases, the first leach may be with a 
ore were China, the Republic of South | per, 10 times that of lead, and almost | sodium carbonate solution. The ura- 
Africa, and the U.S.S.R. World vana- | 100 times that of molybdenum.® As a | nium and vanadium are then separated 

dium production for 1985-1989, is | result, trace vanadium mineralization | from the pregnant liquor by liquid- 
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. FIGURE 1 

GENERALIZED FLOWSHEET FOR THE PROCESSING OF VANADIFEROUS RAW MATERIALS 
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liquid extraction techniques. _ vanadium can be produced by this |  issetat Bulletin, No. 7425, Oct. 16, 1989. 
In the Republic of South Africa and | method. A process developed by Foot 2 Briefing Paper. Vanadium Pentoxide Plant Fort Mc- 

China, vanadium is concentrated in slag | Mineral Co., Cambridge, OH (now | Murry, Alberta. Carbovan Inc., 2200 Mississauga, On- 
resulting from the production of pig iron | Shieldalloy Metallurgical Corp.), has | tario, Canada. 
from titaniferous magnetite ore. The ore, | been used to produce tonnage quantities * American Metal Market. Pacific to Refine, Sell 
containing 1.5% to 2.5% vanadium pen- | of ferrovanadium. This process involves Vanadium Starting in 91. V. 97, No, 92, May 11, 1989. . . . . . . . . . Mining Journal (London). Chinese Vanadium Out- toxide, is partially reduced with coal in | the reaction of vanadium-bearing iron put. V, 313, No. 8047, Nov. 24, 1989, p. 424. 

_rotary kilns. The ore is then melted in an | slag with silica, flux, and a carbon reduc- 5South Africa’s Minerals Industry 1988, Republic of 
enclosed furnace which produces a slag | tant followed by refinement by vanadium | south Africa, Department of Mineral and Energy Af- 
containing most of the titanium and pig | pentoxide. The reaction takes place in a | fairs, Minerals Bureau, p. 129. 
iron containing most of the vanadium. | submerged electric arc furnace yielding a ° The Text Report. V. 21, No. 4892, Apr. 11, 1989, p. 
After the titanium-bearing slag is re- | ferrovanadium alloy containing about 40 | * ; 

ae ; . oo . eae American Society for Testing and Materials. Stan- moved, the molten pig iron is blown with | wt % vanadium, 3.5 wt % silicon, 3.8 wt | 4.4 Specifications for Ferrovanadium. A 102-76 in 
oxygen to form a slag containing 12 wt | % manganese, 0.1 wt % carbon, and the | 1980 annual Book of ASTM Standards: Part 2, Ferrous 
% to 24 wt % vanadium pentoxide. The | remainder iron. Castings; Ferroalloys. Philadelphia PA, 1980, pp. 88-90. 
slag is separated from the molten metal ®Renov, A. B., and A. A. Yaroshevsky. Earth’s Crust 
and may then be used as a high-grade Economic Factors Geochemistry. Sec. in The Encyclopedia of Geochemis- 

. . . try and Environmental Sciences, ed. by R. W. Fair- 
vanadium raw material in the usual oo, bridge. Van Nostrand Reinhold, 1972, pp. 243-254. 
roast-leach process. Prices.—Time-price relationships for 

Vanadium is added to the steelmak- | vanadium contained in fused vanadium 
ing process as a ferrovanadium alloy, | pentoxide (metallurgical grade) in terms | OTHER SOURCES OF INFORM ATION 
which is produced commercially by the | of actual prices and in constant 1989 
reduction of vanadium pentoxide or | dollars are shown in table 3. Beginning in 
vanadium bearing-slag with aluminum, | 1974, published quotes of fused vana- | Bureau of Mines Publications 
ferrosilicon, or carbon. In the alumino- | dium pentoxide reflect a two-tier price Vanadium. Ch. in Mineral Commodity 
thermic process for preparing ferrova- | listing of upper and lower producer Summaries. 
nadium, a mixture of technical grade | prices. Actual prices reported in table 3 Vanadium. Reported monthly in 
pentoxide, aluminum, iron scrap, anda | were based on available information Mineral Industry Surveys. 
flux are charged into an electric furnace | from the producer, or they represent av- 
and the reaction between aluminum | erages of the two-tier quotation as re- | Other Sources | 
and pentoxide initiated. The reaction is | ported in the time period indicated. Chemical and Engineering News. 
highly exothermic, producing very high Engineering and Mining Journal. 
temperatures. The temperature can be Tariffs. —U.S. import duties on se- Metal Bulletin Monthly (London). 
controlled by adjusting the particle size | lected vanadium items as of January 1, Metal Price Support (London). 
of the reactants and the feed rate of the | 1989, are listed in table 8. The tariff Metalworking News. 
charge and by using partially reduced | listing includes rates for both most- Roskill Reports (London). 
pentoxide or by replacing some of the | favored-nation (MFN) and non-most- The Mining Record. 
aluminum by a milder reductant. Ferro- | favored-nation status. 
vanadium containing up to 80 wt % 
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TABLE 9 

U.S. EXPORTS OF VANADIUM IN 1989, BY COUNTRY 

(Thousand pounds and thousand dollars) 

co 

Ferrovanadium Vanadium ore Vanadium compounds (gross weight) 
. and concentrate ————— Pk oO O§9oOOeem 

Country (gross weight) (vanadium content) Pentoxide (anhydride)! Other? 

Quantity Value Quantity Value Quantity Value Quantity Value 

Argentina — — — — 86 295 — — 

Australia — — — — ] 5 90° 34 

Austria — — — — 87 445 375 1,519 

Barbadoes — — — — — — — — 

Belgium-Luxembourg — — — — 2,683 11,623 1,791 548 

Brazil — — — — 954 4,038 117 33 

Canada 959 4,148 — — 2 329 140 105 

Chile — — — — (?) 9 23 39 

China | — — — — — — — — 

Colombia — — — — — — 85 43 

Egypt — — — — — — 77 23 

Finland — — — — — — — — 

France 10 49 — — — — 5 28 

German Democratic 

Republic — _ —_ — — 734 4,069 — — 

Germany, Federal Republic of — — — — 931 2,870 20 150 

Honduras — — — — 10 16 — — 

Hong Kong — — — — 307 1,548 — —_— 

India — — — — — — 128 245 

Israel — — — — — — — — 

Italy — — — — — — ] 8 

Jamaica — — — — — — 2 19 

Japan — — — — 129 350 (7) 9 

Korea, Republic of — — — — — — 237 209 

Malaysia 7 29 — — — — — — 

Mexico 10 60 — — 305 1,425 81 95 

Netherlands — — — — 550 3,069 — — 

Nigeria — — oo — 7 62 — — 

Norway — — — — — — — — 

Pakistan — — — — 11 51 — — 

Peru — — — — 11 8 — — 

Philippines — — — — — — 69 36 

Portugal — — — — — — — — 

Singapore — — — — — — — — 

Spain — — _ — — — — — 

Sweden — — — — 482 2,342 150 989 

Taiwan 14 60 — — 1 5 — — 

Thailand — — — — — — 8 82 

United Kingdom 2 16 — — 952 2,635 21 49 

Venezuela 88 937 — — 3 11 — — 

Zimbabwe — — — — — — — = 

Total‘ 1,087 5,299 — — 8,248 35,205 3,418 4,262 

' May include catalysts containing vanadium pentoxide. 

2 Excludes vanadates. 

3 Less than 1/2 unit. 

4 Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 10 

U.S. IMPORTS OF FERROVANADIUM, BY COUNTRY | 

(Thousand pounds and thousand dollars) 

| 1988 1989 . | 
Countr i i 

" weight content Y@™ weight content Value 
General imports: 

Austria 112 92 631 267 218 3,283 

Belgium-Luxembourg 86 69 839 149 122 _ 1,625 

Brazil — — — 38 27 364 

Canada 88 71 730 401 327 5,142 

France — — — 2 2 17 

Germany, Federal 

Republic of | 10 6 70 415 256 2,631 

Japan — — —_ 154 124 259 

Mexico —_ _ — 7 6 10 

Total! 296 238 2,271 1,433 ~—«'1,080 ‘13,331 
Imports for consumption: ST 

Austria 112 92 631 267 218 3,283 

Belgium-Luxembourg 86 69 839 160 130 1,786 

Brazil — — — 38 27 364 

Canada 88 71 730 401 327 5,142 

France — — — 2 2 17 

Germany, Federal 

Republic of 10 6 70 415 256 2,631 

Japan — — — 134 108 259 

Mexico — — — 7 7 6 10 

Total ! 296 238 2,271 1,424 1,073. ~—«*13,493 
' Data may not add to totals shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 11 

U.S. IMPORTS OF VANADIUM PENTOXIDE (ANHYDRIDE), BY COUNTRY 

1988 1989 

Country Gross Vanadium Gross Vanadium 
weight _ content Value weight content Value 

. (pounds) (pounds) pounds) (pounds) 

General imports: 

Canada. — — — 1,091 624 $4,076 

China 703,936 394,321 $2,230,293 70,548 69,589 564,801 

France 700 392 ' 24,265 — — — 

Germany, Federal Republic of 550 308 | 2,084 3,823 2,284 47,988 

South Africa, Republic of 799,506 447,856 2,724,431 332,997 221,198 2,249,826 

United Kingdom — — — 1,034 593 | 6,586 

Total! 1,504,692 842,877 4,981,073 409,493 294,288 2,873,277 

Imports for consumption: a Oo | oO a a 

Canada — — — 1,091 624 4,076 

China | 169,836 95,136 502,923 _ — _ 

France 700 392 24,265 — _ _ 

Germany, Federal Republic of 550 308 , 2,084 3,823 2,284 47,988 

South Africa, Republic of 689,981 386,504 2,419,680 295,587 199,822 1,851,913 

United Kingdom — — — 1,034 593 6,586 

Total! 861,067 482,340 2,948,952 301,535 203,323 1,910,563 

' Data may not add to totals shown because of independent rounding. 

TABLE 12 

VANADIUM: WORLD PRODUCTION, BY COUNTRY’ 

(Short tons of contained vanadium) 

Country 1985 1986 1987 1988P 1989° 

Production from ores, concentrates, slag: * 

China (in vanadiferous slag product)‘ 5,000 5,000 5,000 5,000 5,000 

Finland (in vanadium pentoxide product) 2,350 = = = = 

South Africa, Republic of:* ~~ — OO | a 

Content of pentoxide and vanadate products * 6,537 6,350 4,580 5,600 5,735 

Content of vanadiferous slag product * ‘ 8,912 10,580 11,135 12,460 12,465 

Total 15,449 16,930 15,715 18,060 18,200 | 
U.S.S.R.° 10,500. 10,600 10,600 10,600 10,600 

United States (recoverable vanadium) W __ Ww __ Ww __W __ WwW 

Total’ 33,299 32,530 31,315 33,660 33,800 
Production from petroleum residues, ash, spent catalysts: ° ~ Oo a oO oO 

Japan (in vanadium pentoxide product) ° 840 7929 925 925 925 

United States (in vanadium pentoxide and ferrovanadium 
products) 2,695 _2,330 _2,508 _3,252 12,633 

Total 3,535 3,259 3,433 4,177 3,558 
Grand total 36,834 35,789 34,748 37,837 37,358 

©Estimated. ° Preliminary. W Withheld to avoid disclosing company proprietary data; not included in “Total.” 

' In addition to the countries listed, vanadium in also recovered from petroleum residues in the Federal Republic of Germany, the U.S.S.R., and several other European countries, but available information 

is insufficient to make reliable estimates. Table includes data available through June 29, 1990. . 

2 Production in this section is credited to the country that was the origin of the vanadiferous raw material. 

3 Includes production for Bophuthatswana. 

4 Data on vanadium content of vanadium slag are estimated on the basis of a reported tonnage of vanadium-bearing slag (gross weight) multiplied by an assumed grade of 14.1% vanadium. 

5 Excludes U.S. production. 

6 Production in this section credited to the country where the vanadiferous product is extracted; available information is inadequate to permit crediting this output back to the country of origin of the 

vanadiferous raw material. 

"Reported figure. 
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TABLE 13 

| VANADIUM: WORLD PROCESSING FACILITIES 

| Vanadium processing ! 
Country and plant Location Vanadium Ferro. += Ammonium = Vanadium- =a 

pentoxide vanadium metavanadate aluminum alloy 

United States: 

AMAX Metals Recovery Corp. Braithwaite, LA X — — — —_— 

Cotter Corp. Canon City, CO X — — — _— 

Gulf Chemical & Metallurgical Corp. Freeport, TX x —_— — — — 

Kerr-McGee Chemical Corp. Soda Springs, ID x — x — — 

Reading Alloys, Inc. Robesonia, PA — — — x C Fy 

Shieldalloy Metallurgical Corp. Cambridge, OH — x X X B,E 

U.S. Vanadium Corp. Hot Springs, AR x — — — — 

Do. Niagara Falls, NY — x — x A,E 

Teledyne Wah Chang Albany, OR — — — — C,D 

Umetco Minerals Corp. Blanding, UT x — — — — 

Akzo Chemical Co. Weston, MI — — — — E 

Canada: | 

-Masterloy Products Ltd. Gloucester, Ontario — x — — — 

Carbovan Inc. | Fort McMurray, x — —_ —_ — 
Saskatchewan 

Germany, Federal Republic of: | 

Gesellschaft fur Electrometallurgie mbH Nuremburg — x — x — 

Belgium: | 

Sadacem (Langerbruggekaai Plant) Kent — X — — — 

Spain: 

Ferroastur SA Poligono de Maqua, Aviles — x — — — 

Sweden: 

Metals & Powders Trollhatten AB 

(Sandvik AB) Trollhatten — x — — — 

United Kingdom: 

Murex Ltd. Rainham, Essex x x x — — 

London & Scandinavian | | 
Metallurgical Co. Ltd. Rotherham, S. Yorkshire — x — — — 

Ferroalloys & Metals Ltd. Glossop, Derbyshire — X — — — 

South Africa, Republic of: 

Highveld Steel & Vanadium Corp. Witbank x — X — — 

Vansa Vanadium SA Ltd. Steelpoort, Eastern X — — — — 

Transvaal 

Vametco Minerals Corp. Bushveld Complex x — X — A 

Transvaal Alloys Pty. Ltd. Roos Senekal, Transvaal x — — — — 

Union Steel Corp. Vereeniging X — — — — 

Japan: 

Awamura Metals Industry Co. Uji, Kyoto — x — — — 

Taiyo Mining & Industrial Co. Ako, — — X — — — 

Nippon Denko KK | Toyama — X — — — 

Japan Metals and Chemical Co. Oguni, Yamagata — x — — — 

China: | 

Chengde Plant Hebei x — — — 

Emei Ferroalloy Plant Sichuan — x — — _— 

China Titanium Plant Zunyi, Guizhou X — — — — 

_Jinzhou Ferroalloy Plant =————=—<“ié‘~s™*SCsLiptomnimng@« i ti(‘é‘iéwXWO*CtCKSOO 
Nanjing Ferroalloy Plant ===—s—<‘ésSngsUSC“‘(‘(CSUDSO*™#™#™#™#™#~;7~;73 CUM 

_ShanghaiPlant ——<“—séi—sSCCCSangaca— <t—<is~aK eee 
See footnotes at end of table. 
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TABLE 13—Continued 

VANADIUM: WORLD PROCESSING FACILITIES 

NN 

. Vanadium processing ! 

Country and plant Location Vanadium Ferro- Ammonium Vanadium- 3 
pentoxide vanadium metavanadate aluminum alloy Other 

U.S.S.R.: 

Chusovskoy Met. Savod Chusovoy x x — — _— 

Novo-Tagilskiy Met. Zavod Nizhniy-Tagil x x — — — 

Novo-Tulskiy Met. Zavod Tula x x — — — 

Serovskiy Met. Zavod Serov x x — — — 

x, Producer; —nonproducer. 

A, Nitrovan, proprietary product; B, Ferovan, proprietary product; C, Vanadium metal producer; D, Vanadium-zirconium alloy producer; E, Unsupported vanadium catalyst producer. 
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By Michael J. Potter 

Mr. Potter, a physical scientist with 23 years of industry and Bureau of Mines experience, has been the acting commodity 

specialist for vermiculite since 1989. Domestic survey data were prepared by Maureen Nash, mineral data assistant; and the 

international data table was prepared by Audrey Wilkes, internationl data assistant. 

.S. output of vermiculite con- TABLE 1 , 

| centrate was estimated to be SALIENT VERMICULITE STATISTICS | 
290,000 short tons, a decrease 
from that of the previous year. (Thousand short tons and thousand dollars unless otherwise specified) 

The tonnage of exfoliated vermiculite | 
sold and used was an estimated 215,000 1985 1986 1987 1988 1989° 
tons, also a decrease from that of 1988. | Uaseastates ~~ ~~ SCOtC=CSsSee 

Vermiculite has been facing competition Sold and used by producers: a 

from other cost-effective materials, |; _—-@-——— , 

especially in the building products Concentrate 8803880 
market. Also, markets have been affected Value $32,400 $34,400 $33,100 $33,900 $32,600 

by a decrease in construction activity. Average value! dollars per ton $103.18 $108.52 $109.24 $111.51 $112.41 

Exfoliated 258 253 252 249 215 

—————__—. Value $47,900 $53,200 $54,600 $55,100 $48,800 

DOMESTIC DATA Average value! dollars per ton $185.66 $210.28 $216.67 $221.29 $226.98 

COVERAGE Exports to Canada °93 °95 °20 °20 20 

Imports for consumption °38 °35 32 °35 40 

Domestic production data for vermic- World: Production? CCH SBD 620860004 

ulite are developed by the Bureau of | ‘Estimated. 'Preliminary. 
Mines from two separate voluntary sur- | 2pctacs sroduction by centrally planned economy countries. 
veys, one for domestic mine operations 
and the other for exfoliation plant oper- 
ations. Of the six mining operations to | Strong-Lite Products Corp.’s Carolina | concentrate sold and used by US. 

which a survey request was sent, two | Vermiculite mine near Woodruff, SC; | producers was estimated at $112 per ton, 

responded. The four nonrespondents’ | Patterson Vermiculite Co., Enoree, SC; | f.0.b. plant, or about the same as in 1988. 

data were estimated using previous years’ | and Enoree Minerals Corp., Spartan- | The average value of exfoliated vermic- 

production levels adjusted by trend of the | burg County, SC. South Carolina, with | ulite, f.o.b. plant, increased from $221 per 

minerals economy. Of the 35 active ex- | four producers, was the leading pro- | ton to an estimated $227 per ton. 

foliating plants to which a survey request | ducing State for the third consecutive Imports of vermiculite concentrate 

was sent, 8 responded. This represented | year. from the Republic of South Africa were 

an estimated 10% of the total exfoliated Domestic sales of exfoliated vermic- | estimated to be 40,000 tons, compared 

vermiculite sold and used, see table 1. The | ulite by 15 producers came from 35 | with 35,000 tons (revised) in 1988. Ex- 

27 nonrespondents’ data were estimated | plants in 27 States. Of these plants, 21 in | ports to Canada were estimated to be 

using previous years’ production levels | 17 States were operated by W. R. Grace. | 20,000 tons, about 7% of total U.S. sales 

adjusted by the trend of the minerals In descending order of output sold and | of vermiculite concentrate. 

economy. used, the principal exfoliated vermiculite- 
producing States were estimated to be | ————————________ 

| «Ohio, California, South Carolina, Flori | WORLD REVIEW 

PRODUCTION da, New Jersey, Illinois, Texas, and | ——MHW—_ 
| Arkansas. 

Table 4 shows rated annual capacity 

The leading domestic producer of ver- | ————_________ | for vermiculite plants as of December 31, 

miculite concentrate continued to be | PRICES AND 1989. Rated capacity is defined as the 

W. R. Grace & Co. with operations near TRA maximum quantity of product that can 

Libby, MT, and Enoree, SC. Other FOREIGN TRADE be produced on a normally sustainable 

producers during the year were Virginia long-term operating rate, based on the 

Vermiculite Ltd., Louisa County, VA; The average value of vermiculite | physical equipment of the plant and given 
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TABLE 2 | | TABLE 3 

EXFOLIATED VERMICULITE | ACTIVE VERMICULITE EXFOLIATING PLANTS IN THE 
SOLD AND USED IN THE | UNITED STATES IN 1989 

UNITED STATES, BY END USE 
eee 

(Short tons) Company County State $e 
A-Tops Corp. Beaver — Pennsylvania. a | EE A MMSlvaNA. _ 

End use 1988 1989° Anitox Corp. Gwinnett Georgia. $$ | See a Net OTB 
Aggregates: | Brouk Co. | St. Louis Missouri. aoe | I NSSOUTL 

Concrete 40,100 33,200 | Enoree Minerals Corp. . Spartanburg South Carolina. _roneree ——rrrsrvvrvcey A TANOUTE (OU Carolina. Plaster 1,400 1,800 Jefferson Alabama. 
ee Maricopa Arizona. Pr l 71,6 —femies, 71,600 __ 64,300 Alameda California. Total 113,100 99,300 Orange Do. 

Insulation: Denver — Colorado. 
Loose-fill 22,000 17,900 Broward Florida. a Duval Do. Block 31,700 21,100 . a 

Hillsborough Do. Other 8,200 2,300 | | Du Page Illinois. 

Total 61,900 _ 41,300 | W. R. Grace & Co, Construction Products Div. Campbell Kentucky. 
Agricultural: Prince Georges Maryland. 

Horticultural 16,700 15,100 | Naneshite Fe usetts oh ayne ichigan. Soil conditioning 16,800 15,200 St. Louis Missouri. | 
Fertilizer carrier 37,900 36,700 Mercer New Jersey. 

Total 71,400 67,000 Oklahoma Oklahoma. 

Other? 2,600 __7,800 yultnomah oon rn awrence ennsylvania. 
——Srand total __249,000__ "215,000 Greenville! South Carolina. 
jEstimated, 7 Dallas Texas. 
Includes acoustic, fireproofing, and texturizing uses. 

a 
“Includes high-temperature and packing insulation and sealants. Intermountain Products Inc. Salt Lake Utah. 
3Includes various industrial uses not specified. K In K h Wi . 
‘Data do not add to total shown because of independent rounding. ROOST mosh Wisconsin. 

O.M. Scott & Sons Union Ohio. nO VO 
Patterson Vermiculite Co. Laurens , South Carolina. 

. . The Schundler Co. Middlesex New Jersey. acceptable routine operating procedures | ————___ rr NOW TSE 
involving labor, energy, materials, and | StfongLite ProductsCorp, sCSefferson Arkansas, 
maintenance. Capacity includes both Do. De Kalb Illinois. 
operating plants and plants temporarily | Vertite Co. Hillsborough Florida. 
Closed that, in the judgment of the Vermiculite Industrial Corp. Allegheny Pennsylvania. author, can be brought into production Vermiculie Products Inc. 2 = = +  Wamis Texas 
within a short period of time with mini- eee IS Texas, 
mum capital expenditure. Plant capaci- | Two piants in county. | 
ty for vermiculite is based on engineering 
capacity provided by the companies or es- 
timated by considering recent peak 
production during the past 5 years to be 
equal to rated capacity. 

1138 VERMICULITE MINERALS YEARBOOK—1989



ee 

| TABLE 4 OTHER SOURCES OF INFORMATION 

WORLD eae ae eM BER 3 ee CAPACITY Bureau of Mines Publications 

° Vermiculite Ch. in Minerals Yearbook, 
(Thousand short tons) annual. 

Vermiculite Ch. in Mineral Commodity 

Country Rated capacity! rn mmaries, annual. . ue 
ee inerals Today. A bimonthly publication. 

North America: 
"Mexio. ©... \ Other Sources 

__ Total 356 Mining Engineering. 

South America: Mining Journal (London). 

Argentina 5 Roskill Information Services Ltd. (London). 

Brazil 20 

Total 45 

Africa: Tt 

Egypt 1 

Kenya 5 | 

| South Africa, Republic of 260 

- Total 266 

Asia: ne 

— India 8 

Japan | | 20 

Total 28 

World total 695 ——~— 

lncludes capacity at operating plants as well as at plants on standby basis. . 

TABLE 5 

VERMICULITE: WORLD PRODUCTION, BY COUNTRY! 

(Short tons) 

Country 1985 1986 1987 1988? 1989° 

| Argentina 5,387 5,740 20,516 21,275 21,000 

Brazil 10,242 15,598 18,546 ‘'°18,000 18,000 

Egypt 538 546 550 260 3300 

India 1,990 7,365 3,202 4,395 6,000 

Japan® 19,000 17,000 17,000 17,000 17,000 

Kenya 1,670 2,804 4,285 4,086 4,200 

Mexico 386 243 177 240 300 

South Africa, Republic of ~ 202,902 213,470 252,278 230,578 247,500 

United States (sold and used by producers) 314,000 317,000 303,000 304,000 290,000 

Total 556,115 579,766 619,554 599,834 604,300 

“Estimated. Preliminary. ‘Revised. 
lExcludes production by centrally planned economy countries. Table includes data available through July 18, 1990. 

2tn addition to the countries listed, Tanzania may produce vermiculite, but available information is inadequate ton make reliable estimates of output levels, if any. 
Reported figure. 
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By Michael J. Potter and Robert L. Virta 

Mr. Potter, a physical scientist with 23 years industry and Bureau of Mines experience, has been the commodity specialist 
for wollastonite since 1976. Domestic survey data were prepared by Pam Shorter, mineral data assistant. 

Mr. Virta, a physical scientist with 14 years Bureau of Mines experience, has been the commodity specialist for natural 
zeolites since 1986. Domestic survey data were prepared by Pam Shorter, mineral data assistant. 

tos in certain cement formulations, in | reinforced concrete was increased by 

WOLLASTONITE ceiling and floor tile, and in friction | approximately 30% and the bending 

applications such as brake linings. strength by 20%, compared with com- 

Wollastonite is natural calcium sili- Prices from Industrial Minerals, De- | mon concrete. The wollastonite con- 

cate and has a theoretical composition | cember 1989, for wollastonite, ex- | crete has been successfully used in the | — 

of CaO-SiO,. works, converted to dollars per metric | construction of methane tanks.” | 

The tonnage of wollastonite sold or | ton, were approximately $260 for acic- The plastics industry has been prov- 

used by U.S. producers in 1989 increased | ular, minus 200 mesh, $200 for minus | ing to be an active market for extender 

slightly. Specific data were withheld to | 325 mesh, and $210 for minus 400 | and filler minerals. Demand for both 

avoid disclosing company proprietary | mesh. Prices per metric ton for wolla- | filler and surface-treated grades has 

data. The two producers were NYCO, a | stonite, f.o.b. plant, bulk, were $125 to | been increasing, with the trend being 

division of Processed Minerals Inc., Es- | $177 for 200 mesh and $235 for 325 | driven by the automotive industry. Ac- 

sex County, NY, and R. T. Vanderbilt Co. | mesh. cording to a study by Kline & Co. of 

Inc., Lewis County, NY. | In Canada, four samples of wolla- | Fairfield, NJ, calcium carbonate, mica, 

NYCO reported the discovery of a | stonite ore from various locations in the | silicas, talc, and wollastonite will all 

wollastonite deposit near Lewis, NY. | Province of British Columbia in western | show demand growth of over 5% a year 

The new Oak Hill deposit, located near | Canada were evaluated. Wollastonite | in this end use area.° 
the company’s current mine, would re- | content varied between 45% and 75%. | 
portedly double existing reserves. Processing of the ore samples included | SSS 

In October 1989, Engelhard Corp. | wet high-intensity magnetic separation | ZEOLITES 
announced it had agreed in principle to | and flotation. For three of the four sam-_ |< eee 
purchase Processed Minerals Inc. of | ples, the Fe,O, content of the wollasto- 
Syracuse, NY, a wholly-owned subsid- | nite concentrate was less than 1%; the Zeolites are hydrated aluminosili- 

iary of Canadian Pacific (U.S.) Inc.’ | estimated wollastonite grade was 90%. | cates of the alkaline and alkaline-earth 

However, in late 1989, Englehard an- | Wollastonite obtained from the samples | metals. Approximately 40 natural zeo- 

nounced it was not going to acquire | is probably suitable for ceramic and | lites have been identified over the past 

Processed Minerals Inc. filler applications. Final verification of | 200 years, the most common of which 

The discovery of a wollastonite de- | suitability would require detailed prod- | are analcime, chabazite, clinoptilolite, 

posit in the Gilbert district of southern | uct evaluation.? erionite, ferrierite, heulandite, laumont- 

Nevada was reported by Sikaman Gold In China, large reserves of wollasto- | ite, mordenite, and phillipsite. Zeolites 

Resources Ltd. Grades of material in | nite occur in Jilin Province. At the | are commercially valuable because of 

excess of 50% wollastonite were re- | Dadingshan Mine, rich ore was sepa- | their unique ion-exchange, molecular 

ported. A detailed mapping and core | rated from lower grade material (tail- | sieving, and catalytic properties. 

drilling program was under way. Test | ings) by hand sorting. Test work was Commercial zeolite deposits in the 

work was also being undertaken to | carried out on samples of tailings, | United States are associated with the 

determine quality, grade, and market | which contained approximately 45% | alteration of volcanic tuffs in saline, 

conditions.” calcite, 32% wollastonite, 17% quartz, | alkaline lake deposits; saline, alkaline 

Wollastonite is used as a filler in | and 2% diopside. Using flotation, cal- | soils; and open hydrologic systems. 

ceramic tile, paint, and plastics. It | cite was removed, followed by separa- | The deposits are located in Arizona, 

serves aS an asbestos replacement in | tion of wollastonite and quartz. Prelim- | California, Idaho, Oregon, Nevada, 

some applications such as a reinforce- | inary estimates indicated that mineral | New Mexico, and Texas. Their compo- 

ment filler for boards and panels in | processing would be economical.‘ sition was determined primarily by the 

various heat containment applications Wollastonite was found to have a | temperature and pressure of formation 

including ovens, dryers, thermal duct- | reinforcing effect on concrete materi- | and the chemistry of the altering fluids. 

ing, and many other thermal applica- | als. Test results showed that the com- | The major components of these depos- 

tions. Wollastonite also replaces asbes- | pression strength of wollastonite- | its are chabazite, clinoptilolite, mor- 
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denite, and phillipsite. Erionite, ortho- | tions, pet litter, and water purification), | cause of its large aperture sizes in the 
clase feldspar, montmorillonite, opal, | moisture adsorption (desiccants, odor | crystal structure and its thermal stabil- 
quartz, and volcanic glass may be | control, and pet litter), and ion-exchange | ity. NH,-mordenite, Ca-mordenite, K- 
present in some deposits as minor com- | capabilities (wastewater cleanup and wa- | mordenite, and Na-mordenite were pre- 
ponents. When the alteration process | ter purification). The major application | pared through cation exchange. The 
went to completion, the zeolite content | for natural zeolites in 1989 was in pet | number of acid and basic reaction sites 
of portions of some deposits ap- | litter. | and the catalytic properties were differ- 
proached 100%. | The Bureau of Mines continued re- | ent for each mordenite type. Each mor- 

Conventional mining techniques | search on the use of zeolites to remove | denite type also had different abilities 
were used in the mining of natural | dissolved metals and other cations | for oxidizing organic compounds.® 
zeolites. The overburden was removed | from water. The exchange properties of There are many potential agricultural 
to permit access to the ore, and the ore | 21 natural zeolite samples from differ- | applications of natural zeolites in devel- 
was stripped for processing using front- | ent locations were determined for Pb** | oping countries. Most developing 
end loaders or tractors equipped with | and NH,* ions. The zeolites tested | countries lie in the tropical latitudes 
ripper blades. The fractured ore was | were chabazite, clinoptilolite, erionite, | where soils are depleted of important 
air-dried and then crushed, using either | mordenite, and phillipsite. Exchange | plant nutrients. Natural zeolites could 
jaw crushers or roller mills. The | capacities ranged from 0.6 to 2.1 mil- | serve as low-cost carriers for fertilizers 
crushed ore was packaged directly for | liequivalents for Pb**+ ions and 0.9 to | for enriching and retaining the nutri- 
shipping or was screened to remove fine | 2.8 milliequivalents for NH,* ions. In | ents in the soil or to retain moisture in 
material when a granular product was | other tests, competing cations such as | the soil in arid environments. Another 
required. Na*, Ca**, and NH," strongly af- | potential application is the reduction of 

Six companies mined natural zeolites | fected heavy metal cation uptake of | local water pollution that is caused by 
in the United States in 1989. Four | natural zeolite samples. Wastewater | agricultural runoff from animal pens. 
companies mined clinoptilolite from | run-off from an abandoned metal mine | Animal wastes are frequently washed 
deposits in California, Nevada, Ore- | was passed through columns filled with | from animal holding pens, and the 
gon, and Texas; two companies mined | clinoptilolite to determine the effi- | contaminated runoff enters local 
chabazite from deposits in Arizona. | ciency of heavy metal removal in the | streams. Zeolites mixed with animal 
Total domestic production and sales | presence of competing ions. Twelve | wastes would reduce odors by adsorb- 
were 12,117 metric tons (13,357 short | percent of the exchange capacity was | ing ammonia and would improve the 
tons) in 1989, an increase of 11% from | utilized, and the heavy metal concen- | handling characteristics of the manure 
those of 1988. tration of the treated water exceeded | by adsorbing moisture. The mixture 

Natural zeolites were used for aqua- | drinking water standards despite sev- | has potential for use as a nitrogen-rich 
culture, aquarium filters, chemical carri- | eral passes through a column. Lime | soil supplement. Finally, experiments 
ers, desiccants, odor control, pet litter, | precipitation and aeration of the water | suggest that zeolites are beneficial as an 
wastewater cleanup, and water purifica- | reduced heavy metal levels sufficiently | animal feed supplement, reducing dis- 
tion. The properties that made natural | to meet drinking water standards. ease and improving yield. More exten- 
zeolites commercially valuable included Research continued on controlling | sive exploration for zeolite deposits in 
ammonium adsorption (aquaculture, | the uptake of cesium by vegetation on | developing countries and more thor- 
aquarium filters, odor control applica- | Bikini Atoll where levels of surface | ough field testing is required in order to 

radioactivity were low enough for hab- | demonstrate the practicality of these 
TABLE 1 itation but concentrations of cesium in | applications.’ 

food crops were above acceptable lim- 
DOMESTIC ZEOLITE its. Food crops were grown in cesium- 
PRODUCERS, 1989 contaminated soils that contained var- ' Industrial Minerals (London). World of Minerals. 

ious concentrations of clinoptilolite. | No. 266, Nov. 1989, p. 17. 
type of | Fhe amount of cesium in the food | *——.P.19. 

State and company zeolite plants were measured after the plants |  * Andrews, P. R.A. Beneficiation of Canadian Wolla- 

Arion ———SSS~S*~*~*~*~*~SCS (ere harvested. The concentration. of | Soni Ors. Fue tom Send World Cogs on 
GSA Resources Inc. Chabazite cesium in plants grown in zeolite- | 1989, p. 657. 
Union CarbideCo. Do amended soils was significantly lower “Shen, Y. and S. Yewen. Separation of Wollastonite 
California. | than in plants grown under control from Calcite and Quartz—A Study on Comprehensive 
~ Steelhead Soeciahty conditions. Further tests were being Utilization of Low-Grade Wollastonite from Dadings- 

Mina ol Ctnopitotte | COmducted to determine ifthe release of | for fame om Second ort Cones on, om 
Nevada: ——— .__ | exchangeable potassium in the clinop- | ,,, 

~ Bast-West Minerals Inc. Do. tilolite influenced the results of the ‘Xiaoping, B., H. Zhongji, and Z. Zufu. Investiga- 
ooo | TESTS. tion and Application of Wollastonite Fiber Reinforced 
Oregons Mordenite, a natural zeolite, Was in- | Concrete. Paper from Second World Congress on Non- 

Teague Mineral Products 5 vestigated as a combustion catalyst for Metallic Minerals, Beijing, China, Oct. 17-21, 1989, p. 
. oO. oe . . . 

Texas: elimi nating residual hydrocarbons and Chemical Marketing Reporter. Extender Minerals 
 Zeotech Corp. SS Do CO in exhaust gases and solvent VapoOFs | are Boosted by Paint, Paper Market Changes. V. 236, 

«| doin factories. Mordenite was chosen be- | No. 21, Nov. 20, 1989, p. 14. 
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7 Leppert, D. Heavy Metal Sorption with Clinoptilo- 

lite Zeolite: Soil and Water Treatment Alternatives. Soc. 

Min. Eng. AIME preprint 89-110, 1989, 5 pp. 

8 Yuan, X. and X. Zheng. A New Type Carrier for the 

Combustion Catalyst-Natural Zeolite. Paper from Sec- 

ond World Congress on Non-Metallic Minerals, Beijing, 

China, Oct. 17-21, 1989, pp. 249-251. 

°Parham, W. Natural Zeolites: Some Potential Agri- 

cultural Applications for Developing Countries. Natural to 

Resources Forum, May 1989, pp. 107-115. 

OTHER SOURCES OF INFORMATION 

Bureau of Mines Publications 

Minerals Yearbooks, annual. 

Information Circular 9140 (Zeolites). 

Other Sources 

Company annual reports. 

Industrial Minerals (London). 

Mining Engineering. 

Chemical Marketing Reporter. 

Chemical and Engineering News. . 
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By James H. Jolly 

Mr. Jolly is a physical scientist (geologist) with more than 30 years of mining experience, including positions with Hecla 

Mining Co., Roan Selection Trust, and the U.S. Geological Survey. He has been a mineral commodity specialist for the 

Bureau of Mines for 17 years and the zinc specialist for the past 8 years. Domestic survey data were prepared by Lura M. 

Nightlinger and Tony E. Morris, mineral data assistants. 

inc-producing mines in Alaska, LEGISLATION AND million in domestic assets to ensure 

Montana, and New Mexico against its potential liability for the 

opened in 1989, resulting in GOVERNMENT PROGRAMS cleanup of mainly lead-contaminated 

increased domestic output for | soil and residues at the complex and the 

the third straight year. A world-class Environmental and trade issues con- | area around the smelter site. In 1989, 

zinc mine in Alaska, scheduled to open | tinued to be the major thrusts of gov- | cleanup efforts centered on a program | 

in late 1989, experienced startup prob- | ernmental and legislative actions in | to remove and replace up to 2 feet of | 

lems, and its official opening was re- | 1989. The Environmental Protection | contaminated soil at private residences, 

scheduled for early 1990. Refined zinc | Agency (EPA) applied its revised inter- | mainly in the nearby mining town of 

metal production was the highest since | pretation of the Bevill Amendment (ex- | Kellogg. | 

1981. Improved production was attrib- | clusion) to solid waste from the extrac- In the Tristate district, EPA contin- | 

utable to near-capacity output at U.S. | tion, beneficiation, and processing of | ued its efforts in a few selected areas to | 

primary smelters and increased zinc | ores and minerals. On September 1, | reduce heavy-metal contamination of | 

recovery from steelmaking dusts. In | EPA identified 5 wastestreams as hav- | surface and subsurface water caused by | 

1989, U.S. mines produced 4.0% of | ing Bevill status and conditionally re- | lead-zinc mining activity carried out in» 

world mine output, and U.S. smelters | tained 20 other wastestreams for fur- | the area from about 1848 to 1970. 

produced 5.0% of world refined metal | ther consideration.! All other mineral | Through 1989, about $6 million had 

output. processing wastes were permanently re- | been spent on the cleanup of mining» 

Domestic metal consumption de- | moved from the Bevill exclusion and | sites in the Tar Creek area of Okla- 

clined modestly in 1989 but was the | were subject to subtitle C regulation of | homa. Other areas in the district have 

second highest in the 1980’s decade. | the Resource Conservation and Recov- | been identified as possible Superfund 

The consumption decrease was largely | ery Act (RCRA) if they exhibit hazard- | sites. One of these was the Galena, KS, 

attributable to sharply reduced auto- | ous characteristics. In late September, | area where an $8 million cleanup pro- 

mobile production in the last quarter | EPA proposed to retain only 13 of the | gram was proposed. Cleanup efforts 

of the year. Exports of concentrate, | 20 conditionally retained wastes for | have or were expected to involve recon- 

scrap, refined metal, and compounds | further study; this proposal, which was | touring existing land surfaces and redi- 

were the best in years, whereas imports | to be finalized in mid-January 1990, | recting surface streams around mineral 

generally declined. Nonetheless, net | retained slag from primary zinc pro- | areas, burial of residues of mining op- 

imports of basic zinc products ac- | cessing, the only zinc related waste | erations, blocking of mine shafts that | 

counted for $1 billion of the Nation’s | remaining in the Bevill exclusion. Final | provide surface water access to under- 

trade imbalance. regulatory determination for Bevill | ground workings, and stabilization of 

World mine production was second | processing wastes was expected in Jan- | mining-related surfaces by revegeta- 

highest, whereas world smelter output | uary 1991. tion. Mining companies that operated 

was a record high. World mine and Sites that fall under the Comprehen- | in the Tar Creek, Galena, and other 

smelter capacity utilization rates were | sive Environmental Response, Com- | areas in the district have been named by 

high throughout the year; however, lit- | pensation, and Liability Act are called | EPA as the “potentially responsible 

tle new capacity was added to either | Superfund sites. A number of the Su- | parties” for the pollution problems and 

category in 1989. perfund sites associated with zinc min- | might be liable for some or all of the 

World zinc metal consumption ex- | ing and processing attracted consider- | cleanup costs. 

ceeded 7 million metric tons for the | able attention during 1989. The two The final draft of the Basel Conven- | 

third straight year and was estimated to | most prominent sites were the 21- | tion for the control of transboundary | 

have been slightly less than the record- | square-mile area surrounding the Bun- | movements of hazardous wastes and 

high consumption attained in 1988. | ker Hill lead-zinc smelter complex in | their disposal was completed. The Presi- 

‘High consumption resulted in record | Idaho, and the Tristate lead-zinc min- | dent was expected to approve the Con-— 

zinc prices early in the year; however, | ing district of Kansas, Missouri, and | vention in early 1990 with Senate ratifi-— 

prices eased in the latter-half of the | Oklahoma. The former owner of Bun- | cation expected by 1993. The Convention | 

year owing to a slight fall in demand | ker Hill, Gulf Resources and Chemical | is designed to ensure that exported haz- | 

and increased stock levels. Corp., agreed to keep at least $150 | ardous wastes will be transported, 
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TABLE 1 

SALIENT ZINC STATISTICS 

(Metric tons unless otherwise specified) 

1985 1986 1987 1988 1989 

United States: 7 

Production: | 
Domestic ores, recoverable content 226,545 202,983 216,327 244,314 275,883 

Value thousands $201,607 $170,050 $119,924 $324,249 $499,103 

Slab zinc: — OO a 
From domestic ores 198,005 191,079 205,275 196,476 166,424 

From foreign ores 63,204 62,290 56,070 44,818 96,652 

From scrap 72,563 62,912 82,589 88,492 95,133 

Total 333,772 316,281 343,934 329,786 358,209 

Secondary zinc! 256,455 255,752 "327,944 "248,461 251,795 

Exports: 

Ores and concentrates (zinc content) 23,264 3,269 16,921 33,590 78,877 

| Slab zinc 1,011 1,938 1,082 482 5,532 

Imports for consumption: 

Ores and concentrates (zinc content) 90,186 75,786 46,464 62,966 40,974 

Slab zinc 610,900 665,126 705,985 749,133 711,554 

Stocks of slab zinc, Dec. 31: } 

Industry 119,892 100,563 96,372 *85,854 90,711 

Government stockpile 340,577 340,577 340,577 340,577 340,577 

Consumption: 

Slab zinc: 

Reported 770,671 705,963 798,148 "833,473 887,203 

Apparent (rounded)? 961,000 999,000 1,052,000 1,089,000 1,060,000 

All classes (rounded)? 1,257,000 1,274,000 "1,383,000 ¥ 1,340,000 1,314,000 

Price: High Grade, cents per pound (delivered) 40.37 38.00 41.92 60.20 82.06 

World: , 

Production: . 

Mine thousand metric tons "6,758 "6,936 7,232 P7,015 © 7,062 

Smelter do. "6,786 *6,691 7,009 P7,115 ©7,187 

Price: London, cents per pound 36.23 34.19 36.20 Tsu. 76.70 

“Estimated. Preliminary. ‘Revised. 

' Excludes secondary slab and remelt zinc. 

2 Domestic production plus net imports plus or minus stock changes. 
3 Based on apparent consumption of slab zinc plus zinc content of ores and concentrates and secondary materials. 

treated, and/or disposed of by the im- | needs. The new system was international | United States-Canada Free-Trade Agree- 
porting country in a manner that is | in scope and provided a means for most | ment (FTA) Implementation Act of 
consistent with the protection of the | countries to have a single modern struc- | 1988. The FTA eliminates all tariffs on 
environment and human health. This | ture for product classification thereby | U.S. and Canadian goods by 1998. U.S. 
could impact future U.S. exports of | easing duty determination, statistical ac- | duties on imports of zinc metal, alloys, 
zinc scrap, wastes, and residues, espe- | counting, and transportation documen- | and dutiable zinc chemicals were to be 
cially to developing countries where | tation. Many new classification subdivi- | phased out at 10% per year over 10 
environmental controls are below ac- | sions were also added to HTS to reflect | years. 
cepted standards. changes in technology, trade patterns, In April, the Non-Ferrous Metals Pro- 

On January 1, the U.S. Bureau of the | and user requirements. Because of many, | ducers Committee (NFMPC) submitted 
Census replaced the Tariff Schedule of | mostly minor, differences between the | a petition to the U.S. Trade Representa- 
the United States (TSUS) with the Har- | two US. tariff systems, the statistical | tives (USTR) seeking identification of 
monized Tariff Schedule of the United | trade data of 1989 and that of prior years | the copper, lead, and zinc industries un- 
States (HTS) to surmount increasing | may not be comparable. der section 409(b) of the FTA, which has 
difficulties arising from the use of differ- Also on January 1, the United States | provisions for addressing unfair trade 
ent tariff classification systems in other | and Canada formed the world’s largest practices. The NFMPC contended that 
countries and changing international | free trade area by implementing the | these domestic industries would face in- 
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creased competition from subsidized im- | ceeded U.S. smelter feed requirements | the paint industry. Zinc-sensitized photo- 
ports from Canada. On July 5, the | resulting in net exports of about 39,000 | copy paper use declined rapidly follow- 
USTR, in consultation with the Secretary | tons of zinc in concentrate. ing the development of the “plain-paper 
of Commerce, concluded that a reason- Although imports constitute a large | copier.” Somewhat similarly, zinc com- 

| able likelihood existed that the copper | proportion of U.S. zinc supply, about | pounds used in the production of rayon 
and lead industries could face increased | 60% of the zinc metal, concentrate, | fell as rayon was displaced by other syn- 
competition from subsidized production | and compound imports come from | thetic fibers. 
in Canada. Data on the zinc industry, | Canada and Mexico, and, therefore, 
however, were insufficient to identify it | the risk of supply disruption is low. | Stockpile 
under the 409(b) provision, but the | Other traditional sources of zinc supply A stockpile of zinc for national de- 
USTR would seek zinc information | depends on sea transport, and the risk | fense purposes has been maintained by 
within the scope of any study on the lead | of supply disruption is considerably | the Government for more than 50 
industry that might be initiated as a | higher. years. Materials in the National De- 
result of the USTR decision on lead. fense Stockpile (NDS), managed by the 

U.S. zinc-producing companies con- | Substitutes Department of Defense since July 
tinued to be granted a depletion allow- Substitution for zinc depends on price | 1988, can be released by the President if 
ance of 22% on domestic production | and availability of substitutes as well as | deemed necessary for defense or essen- 
of zinc and 14% on foreign production | their technical suitability. In an emer- | tial civilian purposes. 
in 1989. The Superfund taxes on pro- | gency situation, some substitutions may During World War II, the Govern- 
duction of zinc chloride and zinc sul- | not be possible because the substituting | ment regulated the zinc industry and 
fate also were unchanged, remaining at | materials themselves are critical or stra- | accumulated zinc stocks to ensure ade- 
$2.22 and $1.90 per ton, respectively. tegic. Virtually all areas of zinc use have | quate supplies for the war effort. Con- 

been susceptible to some form of re- | cerns related to national defense after 
duced zinc consumption either through | the war resulted in various stockpiling 

STRATEGIC substitution or technical innovation. | programs that evolved into the current 
CONSIDERATIONS Zinc, aluminum, magnesium, and plas- | NDS. The stockpiles contained a 

tics are competitive materials in diecast- | record-high inventory of 1.44 million 
| ing where weight, temperature toler- | tons of zinc in 1959, but sales of zinc 

Supply ances, and surface finish are important | considered excess of goals reduced this 
U.S. zinc mine and smelter produc- | factors. Aluminum and plastic sheet are inventory to 340,194 tons by the end of 

tion and available capacity are inade- | substitutes for galvanized steel sheet; the | 1975. The stockpile goal for zinc, 1.293 
quate to supply U.S. zinc requirements. | use of molded plastics for automobile | million tons, was established in April 
Ore reserves are sufficient at operating | body parts in particular, has increased at | 1980, but no zinc had been purchased 
mines to permit increased output ona | the expense of galvanized steel sheet | through 1989 to meet this goal. At the 
short-term basis and some mines ona | uses. Although emphasis on corrosion | end of 1989 the zinc stockpile totaled 
care and maintenance basis could be | protection has led to increased zinc con- | 343,202 tons, including 2,625 tons of 
reactivated in 3 to 12 months. sumption in the galvanizing sector, | zinc contained in brass. The zinc metal 

The domestic ore reserve base is large | former all-zinc coatings are increasingly | stockpile consisted of 183,175 tons of 
but could not be tapped adequately | being replaced by zinc alloy coatings | High Grade (HG), 121,752 tons of 
until after the first year or so of an | containing less zinc than before, thinner | Prime Western (PW), and 35,650 tons 
emergency condition. Domestic smelter | coatings (reduced coating weights), or | of other grades. New, sharply lower 
capacity is woefully lacking and would | alloys such as aluminum-based Gal- | zinc goals were considered by the De- 
be the limiting factor for increased U.S. | valume. Aluminum alloys, stainless steel, | partment of Defense in 1989 and were 
refined zinc output. Inadequate zinc | cast iron, and plastics have replaced sig- | expected to be proposed in 1990. 
smelter capacity also severely limits the | nificant tonnages of brass in building 
Nation’s ability to produce a number | and marine hardware, plumbing goods, 
of strategic and critical zinc byproduct | and decorative uses. PRODUCTION 
materials such as cadmium, germa- The competition in chemical and pig- | ——_~""_"_—" 
nium, and indium. ment uses of zinc is also substantial. . . 

Although the Red Dog Mine in | Aluminum and magnesium replace zinc | Mine Production 
northwest Alaska was expected to more | as reducing agents in chemical reactions, Spurred by continuing strong mar- 
than double U.S. zinc mine output by | and titanium and zirconium compounds | kets and high zinc prices, U.S. zinc 
1991, this new output was not expected | are highly competitive in pigment, ce- | mine production increased for the third 
to improve U.S. self-sufficiency be- | ramic, and enamel applications. Zinc | straight year. Zinc production began at 
cause all of the zinc concentrates were | compounds formerly were consumed in | a new mine in Alaska, a reopened 
scheduled for export. Even if Red Dog | large amounts in the paint, photocopy, | group of mines in Montana, and a 
concentrates were redirected for U.S. | and synthetic fiber industries, but con- | copper mine in New Mexico. Startups 
consumption only, little or no smelter | sumption in these industries has been | at three other mines that were sched- 
capacity is available to process the ma- | severely impacted by substitution or tech- | uled to open in 1989 were delayed by 
terial. In 1989, for example, domestic | nological change. Titanium dioxide | technical and/or permitting problems. 
zinc mine production substantially ex- | largely replaced zinc oxide pigments in | The strong market outlook for zinc led 
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to renewed interest in a number of | 5.8% lead with some copper and silver | partners, Hecla Mining Co., Exalas Re- 

closed domestic zinc mining properties, | and at the Sweetwater Mine, 21.9 mil- | sources Corp., and CSX Oil and Gas 

several of which were being evaluated | lion tons of ore averaging 4.84% lead | Corp. brought the Greens Creek silver- 

for reopening in 1990 or 1991. ’ ) and 0.58% zinc. gold-zinc-lead mine on Admiralty Is- 

The 20 leading U.S. zinc-producing The Doe Run Co., a joint venture of | land, AK, on-stream in February 1989 at 

mines accounted for more than 97% of | Fluor Corp. and Homestake Mining | a cost of about $79 million. Full produc- 

production, with the 5 leading mines | Co., produced about 28,000 tons of | tion was not achieved during the year 

| accounting for 47%. Tennessee, for the | zinc in 49,700 tons of concentrate at | because of startup problems. According 

29th time in the past 32 years, was the | four mills that processed 4.35 million | to the Hecla annual report, Greens Creek 

principal zinc-producing State, fol- | tons of ore from six company mines in Mining milled 240,000 tons of ore in 

lowed by Missouri, New York, Colo- | 1989. Yearend ore reserves at the six | 1989 and produced concentrates contain- 

rado, Alaska, Montana, and Idaho. | Doe Run mines totaled about 60 mil- | ing 18,010 tons zinc, 8,700 tons lead, 

The leading domestic zinc mine pro- | lion tons averaging 5.1 % lead, 0.9% | 5.17 million ounces of silver, and 23,500 

ducers were ASARCO Incorporated, | zinc, and 0.3% copper. ounces of gold. At yearend, ore reserves 

Jersey Miniere Zinc Co. (JMZ), and Zinc output at the Magmont Mine, a | were 2.65 million tons averaging 8.4% 

Zinc Corporation of America (ZCA). | joint venture of Cominco American | zinc, 3.4% lead, 23.6 ounces of silver per 

| In Tennessee, zinc was produced at six | and Dresser Industries Inc., fell slightly | ton, and 0.21 ounce of gold per ton. 

underground mines by three companies: | from that of 1988 owing to a small In Colorado, zinc production was a 

Asarco, JMZ, and Union Zinc Inc., the | decrease in ore output. According to | coproduct of gold-silver operations at 

parent company of JMZ. Union Zinc | the Cominco annual report, the Mag- | the Leadville Unit (managed by Asarco, 

bought USX Corp.’s operating east Ten- | mont mill processed about 1 million | but jointly owned with the Resurrec- 

nessee zinc mine in June, in part to | tons of ore grading 1% zinc yielding | tion Mining Co.) and at the Sunnyside 

secure zinc concentrate supply for JMZ’s | 7,720 tons of zinc in 13,400 tons of | Mine (a joint venture between Alta Bay 

Clarksville, TN, smelter. The mining op- | concentrate in 1989. Ore reserves con- | Venture and Washington Mining Co.). 

eration, renamed the Jefferson City Zinc | tinued to decline and were expected to | Asarco produced almost 13,000 tons of 

Div. of Union Zinc, had an annual ca- | be exhausted in about 3 years. At | zinc in concentrates, down about 500 

pacity to produce about 22,000 tons of | yearend, ore reserves totaled 3.3 million | tons from 1988. Both the tonnage of 

zinc concentrate plus large amounts of | tons, a drop of 0.6 million from 1988. | ore milled, 185,000 tons in 1989, fell as 

agricultural and construction limestone. | Ore reserves averaged 7.5% lead, 1.2% did the zinc recovery factor, which fell 

Asarco achieved record output at its | zinc, and 0.3% copper. to 82.2% from 85.1% one year earlier. 

four mining operations in east Tennes- At the end of the year, Cominco | At yearend, ore reserves were down 

see. According to the company’s an- | Alaska Inc., a subsidiary of Cominco | about 55,000 tons from 1988 and totaled 

nual report, Asarco milled 2.72 million | Ltd., had completed nearly all phases | 709,000 tons averaging 7.77% zinc, 

tons of ore producing 63,230 tons of | of mine and mill construction at its Red | 3.22% lead, 0.18% copper, 2 ounces of 

zinc in concentrate in 1989, compared | Dog zinc-lead-silver mine in northwest | silver per ton, and 0.07 ounce of gold per 

with 2.68 million tons of ore milled | Alaska. The first ore was fed into the | ton. At the Sunnyside Mine, 198,000 

yielding 67,850 tons of zinc in 1988. | semiautogenous mills in early November, | tons of ore was milled in 1989, resulting 

Zinc recovery from ore averaged 93.2% | and the first concentrate was delivered to | in yearend ore reserves totaling 546,000 

in 1989. At yearend, ore reserves at the | the port site, 52 miles southwest of the | tons estimated to average 5 .4% zinc, 

four mines were 5.7 million tons aver- | mine, on December 6. Technical prob- | 3.8% lead, 0.57% copper, 3.5 ounces of 

aging about 3.3% zinc, about the same | lems, however, delayed full commission- | silver per ton, and 0.15 ounce of gold per 

ore tonnage and grade reported at the | ing of facilities, and regular production | ton. 

end of 1988. operations were rescheduled to start in In Montana, New Butte Mining Co., 

Zinc was produced by three compa- | the first quarter of 1990. Total annual | Inc. began initial production of zinc- 

nies, Asarco, Doe Run Co., and Com- | production, planned in 1991, was ex- silver-lead-gold ore in July at several of | - 

inco American Inc., a subsidiary of | pected to be 508,000 tons of zinc concen- | its mining properties at Butte. The ore 

Cominco Ltd., as a coproduct of lead | trate, 109,100 tons of lead concentrate, | was custom processed at the Contact 

at nine underground lead mines along | and 45,000 tons of bulk concentrate. Mill in Philipsburg, MT. The company 

the Viburnum Trend in southeastern Capital expenditures on the Red Dog | was planning to build its own local mill 

Missouri. The State’s production was | project to the end of 1989 totaled $317 | in 1991. Geologic ore reserves at 

up substantially from that of 1988, | million for the mine and mill complex | yearend totaled about 1.0 million tons 

mainly because of increased output at | and $170 for the road and port facili- | averaging about 5.9% zinc, 1.7% lead, 

most mines, especially at Asarco’s two | ties. Ore reserves at Red Dog were 77 | 10 ounces per ton of silver, and 0.06 

mines. According to the Asarco annual | million tons grading 17.1% zinc, 5.0% | ounce per ton of gold. 

report, zinc output in concentrate at | lead, and 2.6 ounces of silver, poten- The Montana Tunnels Mining Co., a 

the West Fork Mine was 13,060 tons, | tially sufficient for a mine life of 50 | subsidiary of Pegasus Gold Inc., mined 

| up 2,200 tons from 1988, and at the | years. and milled 3.6 million tons of ore at its 

Sweetwater Mine production was 4,260 The Greens Creek Mining Co., the | Montana Tunnels Mine in 1989; concen- 

tons, up 2,800 tons. At yearend, ore | operating company and a wholly owned | trates containing 14,900 tons of zinc, 

reserves at the West Fork Mine were 8.3 | subsidiary of RTZ Ltd. through its Ken- | 6,800 tons of lead, 1.2 million ounces of 

million tons averaging 1.5% zinc and | necott Corp. subsidiary, and minority | silver, and 62,600 ounces of gold were 
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produced. The discovery of low-grade Star Phoenix Mining Co. leased the TABLE 2 
zones in the ore body and harder than | closed Star-Morning Mine from Hecla MINE PRODUCTION OF 
expected ore adversely affected produc- | and Bunker Hill Ltd. Partners in July. RECOVERABLE ZINC IN THE 
tion in the first half of the year and | In late 1989, Star Phoenix began mine UNITED STATES, BY MONTH : 
resulted in development of a new mine | rehabilitation, including dewatering 
plan during the year. Ore reserves were | and upgrading the 1,000-ton-per-day (Metric tons) 
also reduced by 1.5 million tons and at | mill at Burke. Plans called for a mid- 
yearend totaled 34 million tons averaging | 1990 ore production target of about Month 1988 1989 
0.62% zinc, 0.23% lead, 0.023 ounce of | 13,000 tons per month, yielding about | January 16,837 21,994 
gold per ton, and 0.4 ounce of silver per | 1,000 tons of zinc concentrate per | February 18,327 20,794 
ton. At 1989 production rates, a 9-year | month. The zinc concentrates were | Mach 22,462 24,038 
mine life was expected. scheduled to be processed at Comin- April 21,531 23,315 

In Idaho, Hecla Mining Co. fully im- | co’s zinc smelter at Trail, British Co- May > 187 94.816 | 
plemented its Lucky Friday Underhand | lumbia. An estimated 2 million tons of | —~————— 
Longwall (LFUL) mining method at the | zinc-lead-silver ore reserves were re- June 22,563 24,130 
Lucky Friday Mine. The LFUL method, | portedly available in the upper levels. July 19,006 20,605 
which utilizes rubber-tired vehicles, more | The Star-Morning Mine last operated | Ausust 21,710 25,068 
mechanized equipment, a ramp system, | in 1985. September 20,095 22,868 
and cemented sandfill, was developed to Two long-closed zinc mines in Wash- | October 20,107 24,864 
enhance safety and improve efficiency. In | ington were being evaluated and could | November 20,058 22,643 
1989, ore milled increased about 27,000 | open in late 1990 or in 1991. Equinox | December 19,431 20,746 
tons to 126,000 tons resulting in an out- | Resources Ltd. was completing a feasi- Total 244,314 1975883 
put of 2,950 tons of zinc in concentrates, | bility study on the Van Stone Mine near ‘Data do not add to total shown because of independent rounding. 
up about 900 tons from 1988. At | Coville, WA. The mine last produced in 
yearend, ore reserves were 416,000 tons | 1970. The infrastructure and a 900- 
averaging 2.4% zinc, 14.4% lead, and | ton-per-day mill were reportedly ade- | ore reserves to be 5.5 million tons aver- 
17.7 ounces of silver per ton. quate for rapid commissioning. Ore | aging 8.8% zinc and 1.9% lead using a 

In April, Cyprus Minerals Co. began | reserves, identified in the late 1970’s, | 5% zinc cutoff. Reserves were adequate 
zinc production at its Pinos Altos | totaled about 7 million tons averaging | for a 9-year mine life at anticipated 
copper-zinc mine in New Mexico. The | 3.7% zinc and 0.6% lead. Within the | production rates. 
mine was opened in 1988 but produced | reserve was 1.4 million tons of readily 
only copper. The inactive Groundhog | minable higher grade ore averaging | Smelter and Refinery Production 
mill at Deming was leased to process | 6.5% zinc and 1.5% lead. Refined metal production was up sub- 
the zinc ore. According to the Cyprus Resource Finance Co. (RFC) was | stantially and was the highest since 1981. 
annual report, about 900 tons of zincin | evaluating the Pend Oreille lead-zinc | Three companies, ZCA, JMZ, and Big 
concentrate was produced and sold in | mine near Metaline Falls, WA, for pos- | River Zinc Co., operated four primary 
1989. Reserves of zinc ore were about | sible reopening. The Pend Oreille Mine | zinc refineries in 1989. Secondary zinc 
0.9 million tons at yearend. last operated in 1977. RFC estimated | metal was produced at nine secondary 

Both the Ward Mine in Nevada and 
the Star-Morning Mine in Idaho had 
been expected to open in 1989, but their TABLE 3 | 
openings were delayed owing to permit- MINE PRODUCTION OF RECOVERABLE ZINC 
ting and/or technical problems. Both, IN THE UNITED STATES, BY STATE 
however, were expected to open in early 
1990. Ore produced at the Ward Mine, (Metric tons) 
wholly owned by Alta Gold Co. since | — eee 
November via the merger of Silver King State 1985 1986 1987 1988 1989 
Mines Inc. and Pacific Silver Corp. into | Alaska — — — — 4 
Alta, was stockpiled during the year | Colorado Ww WwW WwW Ww WwW 
while awaiting the conversion of the | [daho WwW 351 WwW | WwW WwW 
nearby leased Taylor mill from a silver | tyinois WwW W W WwW Ww 
processing plant to a 900-ton-per-day Kentucky WwW _ 10 W _ 
base metal concentrator. Plans called Missouri 49,340 37,919 34,956 41,322 50,790 
for an annual production of about Montana Ww 18.935 w 
10,500 tons of zinc, 600 tons of copper, | ~-om222 _ Zz . 
700 tons of lead, and 300,000 ounces of | New Jetsey__ WwW wW _ _ 7 
silver in concentrates. At yearend, ore | New Mexico _ — — — — Ww 
reserves were 1.45 million tons averag- | New York Ww Ww Ww Ww Ww 
ing 6.1% zinc, 1.1% copper, 1.1% | Tennessee 104,471 102,118 115,699 119,954 WwW 
lead, and 2.4 ounces of silver per ton. Total 226,545 202,983 216,327 244,314 275,883 
The Ward Mine last operated in 1880. | w withheld to avoid disclosing company proprietary data; included in “Total.” 
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TABLE 4 

LEADING ZINC-PRODUCING MINES IN THE UNITED STATES IN 1989, IN ORDER OF OUTPUT 

I 

Rank Mine County and state Operator Source of zinc 

1 Elmwood-Gordonsville Smith, TN Jersey Miniere Zinc Co. Zinc ore. 

2 Pierrepont St. Lawrence, NY Zinc Corporation of America Do. 

3 Young Jefferson, TN ASARCO Incorporated Do. 

4 . Balmat St. Lawrence, NY Zinc Corporation of America Do. 

5 Greens Creek | Admiralty Island, AK Greens Creek Mining Co. Do. 

6 Buick Iron, MO The Doe Run Co. Lead-zinc ore. 

7 Montana Tunnels Jefferson, MT Montana Tunnels Mining Inc. Zinc ore. 

8 Jefferson City Div. Jefferson, TN Union Zinc Co. Do. 

9 New Market do. | ASARCO Incorporated Do. 

10 Immel Knox, TN do. Do. 

11 | West Fork Reynolds, MO do. Lead-zinc ore. 

12 Leadville Unit Lake, CO do. Zinc ore. 

13 Coy Jefferson, TN do. Do. 

14 Bunker Hill Shoshone, ID Bunker Hill Mining Co. (U.S.) Inc. Do. 

15 Magmont Iron, MO Cominco American Incorporated Lead-zinc ore. 

16 Fletcher Reynolds, MO The Doe Run Co. Do. 

17 Sunnyside San Juan, CO Washington Mining Co. Do. 

18 Sweetwater Reynolds, MO ASARCO Incorporated Do. 

19 Viburnum No. 29 Iron, MO . The Doe Run Co. Do. 

20 Rosiclare Hardin and Pope, IL Ozark-Mahoning Co. Fluorspar. 

21 Pinos Altos Grant, NM Cyprus Sierrita Corp. Copper ore. 

22 Lucky Friday Shoshone, ID Hecla Mining Co. Lead-zinc ore. 

23 Butte Hill Silver Bow, MT New Butte Mining Co. Inc. Do. 

24 Casteel ! Iron, MO The Doe Run Co. Copper-lead ore. 

| 25 Viburnum No. 28 do. do. Do. 

| 'Includes Brushy Creek Mill. 

plants from scrap materials; however, the | grade zinc metal directly from EAF dusts | Development Co. and Bethlehem Steel 

largest producer of metal from second- | in 1989 at their respective steel plants at Corp. Plans called for annual zinc metal 

ary zinc was ZCA at its primary electro- | Jackson, TN, and Blytheville, AR. Both production of 1,400 tons and 1,800 tons, 

thermic smelter at Monaca, PA. A sub- | plants utilized plasma furnace technol- respectively. 

stantial part of the plant’s secondary | ogy developed by Tetronic Research and ZCA temporarily reopened its DePue, 

feed was crude zinc calcine recovered 
from steelmaking electric arc furnace 

(EAF) dusts by a sister company, Horse- TABLE 5 

a eae ea end Catumen IL. The PRIMARY AND SECONDARY SLAB ZINC PRODUCED IN THE 
largest producers of zinc metal at second- UNITED STATES 

ary plants were Huron Valley Steel Corp., (Metric tons) 

Interamerican Zinc Co., and Gulf Metals 

Corp. 1985 1986 1987 1988 1989 
ZCA installed two new furnaces as Primay. 

ve 000 an expansion program at Its | “7 domestic ores 198,005 191,079 205,275 += «196,476 ~—-:166,424 
,000-ton-per-year Monaca plant in | — 

1989. Other furnace units and a new From foreign ores 63,204 62,290 56,070 44,818 96,652 

sinter plant were expected to be con- Total 261,209 253,369 «=: 261,345 = 241,294 263,076 

structed in 1990 and 1991, gradually | Secondary: 
leading to 45,000 tons of new capacity. At primary smelters 39,720 49,852 Ww WwW WwW 

Most of this new capacity was expected At secondary smelters 32,843 13,060 WwW Ww Ww 

to be dedicated to the processing of Total 72,563 62,912 82,589 88,492 95,133 

EAF zinc calcine. Grand total (excludes zinc | a — 

Florida Steel Corp. and Nucor-Yamato recovered by remelting) 333,772 316,281 343,934 329,786 358,209 

Steel Co. began production of commercial- | w Withheld to avoid disclosing company proprietary data. 
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IL, zinc dust plant at midyear to produce | uled to have a plant capable of treating | dusts per year. The company planned 

special grades of zinc dust products not | 54,000 tons per year of EAF dusts in | to use an electric-slag-resistance reduc- 

produced at other ZCA facilities. The operation by mid-1990. It planned to | tion furnace developed by Elkem 

plant had been scheduled for perma- use an inclined rotary reduction system | Technology/AS to produce a crude 

nent closure when shut down in Janu- | to extract a crude zinc product that will | zinc oxide product suitable for metal 

ary 1988. | then be fed into a top-feed vertical | recovery. 

Two other companies, Zia Technol- | retort for metal reduction, vaporiza- U.S. Zinc Co., a subsidiary of Gulf 

ogy of Dallas and Laclede Steel Co., | tion, and capture in a conventional | Metals, and Meteor Investments 

planned to build EAF dust processing | splash condenser. formed Plasmet Inc. to produce 7,200 

facilities at Caldwell, TX, and St. Laclede Steel planned an on-site fa- | tons of PW zinc metal annually from 

Louis, MO, respectively. Zia was sched- | cility to treat about 36,000 tons of EAF | zinc drosses, wastes, and residues from 

TABLE 6 

PRODUCTION OF ZINC AND LEAD IN THE UNITED STATES IN 1989, BY STATE AND CLASS OF ORE, 

FROM OLD TAILINGS, ETC., IN TERMS OF RECOVERABLE METALS 

(Metric tons) 

a 
Zinc ore Lead ore Zinc-lead ore 

State Gross Gross Gross . 

weight Zinc Lead weight Zinc Lead weight Zinc Lead 

(dry basis) (dry basis) (dry basis) 

Alaska Ww Ww WwW — — _ — — — 

Arizona — — — —_ — _ — — — 

Colorado — — — W W W 201,322 6,115 4,389 

Idaho W W W — — — W W W 

Illinois — — — — — — — — — 

Missouri — — — — — — 5,707,891 49,941 335,243 

Montana W W W — — — W W WwW 

New Mexico — — — — — — — — — 

New York W W W — — — —_ — _— 

South Dakota — — — — — — — — — 

Tennessee W WwW W — —— —— — — —_— 

Total 9,106,176 179,850 18,682 W W W 6,069,436 58,299 354,381 

Percent of total 

zinc or lead XX 65 5 XX WwW W XX 21 86 

Copper-zinc, copper-lead All other sources ! 2 Total 

____copper-zinc-lead ores a a 

Gross Gross Gross 

weight Zinc Lead weight Zinc Lead weight Zinc Lead 

(dry basis) (dry basis) (dry basis) 

Alaska — — — — — — W W W 

Arizona — — — WwW — WwW W — W 

Colorado — — — 12,791 108 254 W WwW W 

Idaho — — — W W W W W WwW 

Illinois — — —_— — WwW W — W W 

Missouri 31,126,298 3849 331,689 — — — 6,834,189 50,790 366,931 

Montana — — — 2,457,102 — 28 W W W 

New Mexico W W W W — W W W W 

New York — — — — — — W W W 

South Dakota — — — 92 — 4 92 — 4 

Tennessee — — — — = —— W W WwW 

Total W W WwW W W W 28,415,671 275,883 410,915 

Percent of total 

zinc or lead XX W WwW XX W W XX 100 100 

W Withheld to avoid disclosing company proprietary data; included in “Total.”” XX Not applicable. 

1 Includes zinc and lead recovered from copper, gold, gold-silver, and silver ores from fluorspar and from mill tailings. 

2 Excludes tonnages of fluorspar in Illinois from which zinc and lead were recovered as byproducts. 

. 3Includes Brushy Creek Mill. 
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galvanizing and die-cast operations. TABLE 7 
The plant was under construction in | DISTILLED AND ELECTROLYTIC ZINC, PRIMARY AND SECONDARY, Houston, TX, and was expected to be PRODUCED IN THE UNITED STATES, BY GRADE | operational by the second quarter of 
1990. Plasma-furnace technology, li- (Metric tons) 
censed from Tetronic, was to be used. SSS 

Grade 1985 1986 1987 1988 1989 
Zinc Oxide Special High 98,282 78,979 85,010 90,034 113,819 

Domestic American- and French- | High 98,979 84,737 88,952 74,870 79,145 
process zinc oxide was produced en- | Continuous Galvanizing 26,139 20,589 38,751 44,890 48,252 
tirely from zinc metal and scrap by | Controlled Lead 20,952 18,883 W Ww W eight companies in 1989. All but one | prime Western ~—~—=«9,420 113,093 131,221 119,992 116,993 company, Eagle Zinc Co. of Hillsboro, “Toul SO 333,772 316,281 343,934 329,786 358,209 
ide, ‘Some npn ere ees ine OX | win wo ddan omps propriny dns in “Pine Wena.” 
secondary plants was sold directly for 
animal feed and agricultural purposes. 
The principal zinc oxide producers in 
1989 were Asarco, Pasco Zinc Corp., TABLE 8 
and ZCA. ANNUAL SLAB ZINC CAPACITY OF PRIMARY ZINC PLANTS 

In 1989, Asarco produced 15,650 IN THE UNITED STATES, BY TYPE OF PLANT AND COMPANY 
tons of zinc oxide at its 27,500-ton- 
per-year Hillsboro, IL, plant. Modifi- ab zine capacity 
cations and the addition of a new fur- Type of plant and company (metric tons) nace were underway to increase the 1988 ~=~=SSté<C«sS*s«‘is~S*C:«‘«*Y QS 
efficiency and plant capacity in 1990. Electrolytic: 0 

North American Oxide, Inc., an affil- ~ Big River Zinc Corp. Sauget, IL! S=CS 76.000 76.000 
late of the Rogers Group Inc., planned to | —————————5 
build an 18,000-ton-per-year French- _tersey Miniere Zine Co., Clarksville, TN 95,000 9,000 
process zinc oxide plant at Clarksville, | Zin Corporation of America, Bartlesville, OK 91,000 91,000 
TN. Startup was expected in mid-1990. | Electrothermic: 

Zinc Corporation of America, Monaca, PA? 101,000 103,000 
Byproduct Sulfur Total available capacity 323,000 325,000 

Production of sulfur in byproduct Total operating capacity 323,000 325,000 
sulfuric acid at primary zinc plants was | ‘sold by AMAX Inc. in August 1988. 
134,000 tons, down slightly from the | *!cludes secondary capacity. 
136,000 tons produced in 1988. Acid 
production at zinc plants in 1989 was 
valued at $17.4 million. 

TABLE 9 

TARICTIAANTIART waam women SECONDARY ZINC PLANT CAPACITY IN THE UNITED STATES, CONSUMPTION AND USES BY COMPANY 

Zinc is found in all sectors of the Capacity economy, but its role is less obvious to Company Plant location ___(metric tons) 
the public because zinc tends to lose its 1988 1989 
identity in the end products. Zinc- | Arco Alloys Corp. Detroit, MI 
containing products were extensively | w.J. Bullock Inc. Fairfield, AL 
used by the military, industry, and fen- | T.L. Diamond & Co. Inc. Spelter, WV 
cral public for construction, transporta- | Florida SteelCo. ~~ +Jackson, TN’ 
tion, electrical, machinery, and chemical Gulf Reduction Corp. = = ~*Houston, TX.—S 

furl shapes Tene, seage ee ee, | HBS Neurol Co. Teil nd, Ca 
teners, nails, and wire rope were widely | 2U"0m Valley Steel Corp. Belleville, MI.) 55,000 58,000 
used in all types of construction, includ- | 4tramerican Zinc Inc. Adrian, ME ing transmission and radar towers, indus- New England Smelting Works, Inc. West Springfield, MA 

trial plants, culverts, roads, bridges, and | Nucor Yamato Steel Co. Blytheville, AR! 
airfields. Zinc sacrificial anodes were | Pasco Zinc Corp. Memphis, TN 
used to protect ship hulls, offshore drill- | Zinc Corporation of America Palmerton, PA 
ing rigs, and submerged and buried steel | ‘Opened in 1989. 
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TABLE 10 scopes, chemical smoke, and additives to 

STOCKS AND CONSUMPTION OF NEW AND OLD ZINC SCRAP IN _| lubricating oils and greases. Zinc ferrites 
THE UNITED STATES IN 1989, BY TYPE OF SCRAP were used in electrical devices in trans- 

formers, coils, amplifiers, motors, and 

(Metric tons, zinc content) tuners, and in electronic devices in radio, 
television, and computers. 

Consumption In 1989, domestic consumption of 
Stocks, . —— __ Stocks, . . . 

| Type of scrap Jan. 1 Receipts New Old Total Dec. 3] | Stab zinc for galvanizing and light metal 

| scrap scrap alloying purposes and oxide manufacture 

Diecastings 363 5,363 — 5,368 5,368 358 | increased, whereas other use categories 

Flue dust WwW 5,190 2,759 2,755 5,514 w | were lower than in 1988. Galvanizing and 

Fragmentized diecastings W 28,352 — 28,217 28,217 w | électrogalvanizing, mainly for sheet and 

Galvanizer’s dross 4,863 69,172 72,038 — —- 72,038 1,997 | Strip, continued to be the principal use of 
Oldzinc’  —SOt=<CSt«S 150 > 494 _ 2561 > 561 g3 | Zinc metal consuming an estimated 52%, 

Remelt die-cast slab 563 W — 16,731 16,731 W fone by ete seas 
Remelt zinc? 22 W 303 _ 303 W 05 DFASS AMOYSs 100 
Skimmings and ashes? 4,288 30,258 30,125 — 30,125 4,421 | 

Steelmaking dust 2,722 39,557 18,690 18,690 37,380 4,899 TABLE 12 

4 

Total 18,467 204,889 128,825 77,246 206,071 17,285 PROCESSED IN THE UNITED 

W Withheld to avoid disclosing company proprietary data; included in “Total.” ST ATES, BY KIND OF SCRAP 

‘Includes engraver’s plates and rod and die scrap. 

2 Includes new clippings. , AND FORM OF RECOVERY 

3 Includes sal skimmings and die-cast skimmings. . 

4 Includes chemical residues and electrogalvanizing anodes. (Metric tons) 

1988* 1989 

TABLE 11 KIND OF SCRAP : 

PRODUCTION OF ZINC PRODUCTS FROM ZINC-BASE SCRAP IN THE New scrap: 
UNITED STATES Zinc-base 105,935 105,203 

Metri Copper-base 133,569 124,426 

(Metric tons) Magnesium-base 122 163 

2020 02 00 0—0—Ore_—_—_ Oooo Total 239,626 229,792 

Product 1985 1986 1987 1988 1989 Tosa SS 8S 

R di ill d 1 b : 
4 Old scrap: 

7 = ed slab zinc 72,563 62,912 82,589 SS: 92 — Zinc-base 74,632 93,919 

= a — ; 30,754 26,682 28,620 24,205 Sy ~ Copper-base 22,166 22,703 

Oth mealallove BD SC~iSC(‘#(UN -s=~CSt«~CS«STD —— ~T allove anoess — — — — Aluminum-base 349 338 

= — a = 982 99 163 317 272 ~ Magnesium-base 180 176 

nas t ‘ ie-cast slab 3,651 2,564 825 907 3,804 Total 97,327 117,136 

ther a metal products 6,695 7,098 6,741 : 8,016 W  Grandtotal d total 336,953 346,928 

Secondary zinc in chemical products 44,598 44,891 79,361 55,972 57,572 FORM OF RECOVERY _ OF RECOVERY —— =— 

'Revised. W Withheld to avoid disclosing company proprietary data. 
Metal: 

Slab zinc 88,492 95,133 

. . . | Zinc dust 24,205 24,908 

works, tanks, and pipes. Brass was used | tion of noble metals from solution; and | —-7 
. : ons . . . Other 8,016 15,733 

as shell casings in ammunition and | in the zinc industry for the removal of Teel «35,774 

tubes, valves, radiators, and fittings in | impurities, such as copper, cadmium, __orah — 

vehicles, motors, refrigeration equip- | and lead, before electrolysis. Zinc oxide | 12 Zinc-base alloys __ 907 3,804 

ment, heat exchangers, communication | was a necessary ingredient in the vulca- | In brass and bronze 159,045 149,506 

units, and electronic devices. Zinc die- | nization of rubber and as pigment in | !n other metal alloys 317 272 

cast parts, such as handles, grilles, be- | paints. The metal casings of zinc-carbon | In chemical products: 

zels, brackets, locks, hinges, gauges, | dry cell batteries were zinc. In 1989, Zinc oxide (lead free) 34,527 37,027 

pumps, mounts, and housings, were | about 30,700 tons of Special High Grade Zinc sulfate 12,962 12,317 

used extensively in vehicles, machinery, (SHG) in rolled zinc was used by the US. Zinc chloride 8482 7,269 

business machines, appliances, scientific | Mint to produce 12.8 billion pennies. Miscellaneous! _ 959 

equipment, and electronic equipment. Zinc compounds were used in | ~~~ ja (45q7 154 
.. . Sy ages , Total 216,240 211,154 

Zinc dust was used in primers and paints; | corrosion-inhibiting paint primers, chem- —GrandtoultC~=C*é‘i«z ST OSSSC«C8G OD 

in alkaline dry cell batteries; in the sher- | ical catalysts, welding and soldering — 
ry ° ee . ed. 

ardizing process to protectively coat nuts, | fluxes, fungicides and pharmaceuticals, | i, ocides clectrogalvanizing anodes and zinc content of slab 

bolts, and small parts; for the precipita- | phosphors for cathode tubes and radar | made from remelt die-cast slab. 
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_ 15%. SHG accounted for about 52% of TABLE 13 
the reported slab zinc consumed, fol- U.S. CONSUMPTION OF ZINC 
lowed by PW, 24%; HG, 14%, and other 

| grades, 10%. (Metric tons) 

| Overall, the construction sector of a 
the economy was the largest consumer 1985 1986 1987 1988 1989 
of zinc, accounting for an estimated | Slab zinc, apparent (rounded) 961,000 999,000 1,052,000 — 1,089,000 _—_ 1,060,000 
46%, followed by transportation, 20%; | Ores and concentrates (zinc 

} machinery, 11%; electrical, 11%; and | content) 39,886 19,236 2,536 2,412 2,107 
| other, 12%. Zinc metal accounted for Secondary (zinc content)! 256,455 255,752 327,944 T 248,461 251,795 
about three-fourths of consumption | Total (rounded) 1,257,000 1,274,000 1,383,000 "1,340,000 —_‘1,314,000 

| and zinc chemicals about one-fourth in | ‘Raia 
1989. ! Excludes secondary slab and remelt zinc. 

| According to the American Iron and 
| Steel Institute, shipments of galvanized | TABLE 14 
sheet and strip totaled 9.7 million tons, ESTIMATED! APPARENT 
up 0.4 million tons from 1988. Of the | Diecastings accounted for about 21 CONSUMPTION OF SLAB ZINC . ; ; . , total shipments, electrogalvanized sheet | pounds; corrosion protection via galva- ACCORDING TO INDUSTRY USE 
accounted for 20% compared with 21% | nizing and coatings, 16 pounds; and AND PRODUCT 
in 1988. In the first half of the year, the | other, including rubber, brass, and zinc 
galvanized sheet and strip market was | solder, 3 pounds. (Metric tons) 

| Strong, being characterized by _near- The apparent domestic consumption 
capacity production, extended delivery | of zinc oxide was about 176,000 tons, Industry and product 1988' 1989 
schedules, and premium prices. In the | down from 190,000 tons in 1988. Do- Galvanizing; 2 2... 
second half, domestic prices, delivery | mestic production was up substantially, "Sheet and strip —=—-395,000 +~—=-402,000 
times, and production declined in re- | but so were exports. Imports fell for the Other --_:154.000 150.000 
sponse to falling automobile production | first time since 1981. Because the Bu- Toul 549.000 559.000 
and an easing in construction activity. | reau of Mines information on zinc ox- | ——?*———__-_— , ° 

| Concurrent with the slowdown in de- | ide consumption by industry sector re- | Brass and bronze 146,000 130,000 
| mand were falling zinc prices, especially | flects only shipments as reported by the | Zinc-base alloys 249,000 =—.220,000 

in the last quarter of the year. domestic producers, the consumption | Zincoxide «65,000 71,000 
According to the Bureau of the Cen- | data listed in table 20 only accounts for | Other uses” 80,000 87,000 

sus, Zinc-base alloy die and foundry cast- | about two-thirds of the apparent mar- | Estimated apparent 
ing shipments totaled about 200,000 | ket. Of the reported amounts, the rub- | consumption _—_1,089,000 __1,060,000 
tons, down from 223,000 tons reported | ber industry continued to be the prin- 1 Revised. sted slab zine consumption 
in 1988. The decline was attributable to | cipal consumer followed by chemicals | .p*40r Pore! in making vine dust, wet batteries, desilver 
reduced demand by die-cast manufactur- and paint. izing lead, powder, alloys, anodes, chemicals, castings, light metal 
ers in the second half of the year and alloys, rolled zinc, and miscellaneous uses not elsewhere specified. 

partly to the high price of zincrelativeto | _ eee 
substitute materials. Zinc die-cast ship- | STOCKS 
ments by weight were estimated to have | ——-——______ TABLE 15 
been equally distributed between auto- U.S. REPORTED CONSUMPTION 
motive, hardware, and other uses. Metal stocks held at yearend by do- OF SLAB ZINC, BY INDUSTRY 

Zinc consumption in the production | mestic producers, consumers, and mer- AND PRODUCT 
of copper-base alloys by brass mills, | chants rose for the first time after 7 
ingot makers, and foundries was down | straight years of decreases, but were the (Metric tons) 
slightly from 1988 according to the | second lowest in the 1980’s. Domestic 

| Copper Development Association Inc. | stock levels tended to rise through mid- | Industry and product 1988° 1989 
} (CDA). The brass and bronze indus- | year, before declining in line with de- Galvanizing: 
tries were estimated to have consumed | clining demand. Merchant stocks Sheet and strip 303,050 323,684 
about 280,000 tons of zinc, the source | tended to rise at the end of the year, | Other ~—«*95,768 120,919 
of which was about equally divided accounting for the modest rise in do- | “total SSS*=<C~*~‘Cs*«S20B;«BSCSC« 6 
between refined zinc metal and brass | mestic stock levels. At any given time in Brass and bronze —9i1.043 95.798 
and bronze scrap metal. According to | 1989, slightly less than 1 month domes- | ———————- 
CDA data, brass mills accounted for | tic consumption was available as | Zac basealloy ss 205,566 189,676 ’ p ; ; 

| 85% of the total zinc consumed as | stocks. Metal stock levels in the market | Zimcoxide (61,367 70,417 
| metal and scrap. economy countries (MEC), according | Otheruses' 76,679 = _ 86,709 
| The zinc content in typical U.S.- | to the International Lead and Zinc | ___Grandtotal _—_—_833,473_—_—887,203 
| manufactured automobiles was esti- | Study Group (ILZSG), were relatively Revised. ‘nc used in making gine dust, wet batteries. desilver 
mated to average about 40 pounds in | stable in the first half of the year, | nudes zine tsed in making zine dust, We castings, light metal 

| 1989, about the same as in 1988. averaging about 515 ,000 tons but rose alloys, rolled zinc, and miscellaneous uses not elsewhere specified. 
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TABLE 16 | TABLE 18 

U.S. REPORTED CONSUMPTION OF SLAB ZINC IN 1989, ROLLED ZINC PRODUCED 

BY INDUSTRY AND GRADE AND QUANTITY AVAILABLE 

(Metric tons) | FOR CONSUMPTION IN 

THE UNITED STATES 

Industry eh cies Prime Remelt and Total! (Metric tons) 

Grade rade Western other grades —_— 

NT 
1988 — 1989 

Galvanizing 102,374 71,551 201,117 77,925 444,603 Production’ 49,771. 52,475 

Zinc-base alloys 187,338 Ww — WwW 189,676 Exports. —~—~S~«S«SKSSCSC*«dG SS 

Brass and bronze 44,382 38,328 WwW WwW 95,798 Importsfor.~—~=—<CSsts—‘SSSSCS 

Zinc oxide WwW W W — 70,417 consumption 4,100 3,066 

Other WwW W W W 86,709 | Available for 

Total! 458,020 120,433 214,410 94,340 887,203 | _consumption 50,436 37,222 

W Withheld to avoid disclosing company proprietary data, included in “Total.” "Includes other plate more than 0.375 inch thick and rod and 

' Data may not add to totals shown because of withheld figures. wire. 

stocks of HG fell from 14,400 tons to 

TABLE 17 5,800 tons during the year, whereas 

U.S. REPORTED CONSUMPTION OF SLAB ZINC IN 1989, BY STATE’ SHG stocks rose from 26,100 tons to 
74,800 tons in the same period. 

(Metric tons) Inventories of zinc in concentrate at 

a 
domestic primary smelters totaled 

State Galva- Brass Die- ; Other’ Total 35,500 tons at yearend compared with 

ae __sintizers mills?” —casters®* CCC: 49,400 tons at the end of 1988, accord- | 

Alabama Ww Ww — — 9,867 | ing to the American Bureau of Metal 

California 21,814 481 — 1,273 23,568 | Statistics Inc. Concentrate stocks were 

Connecticut | WwW 2,188 WwW WwW 8,262 | at their lowest level at yearend. 

Florida 5,971 — — — 5,971 

Illinois 69,124 W 35,216 WwW 137,589 || ————_$ 

Indiana 46,756 W Ww WwW 51,330 | PRICES 

Michigan WwW Ww 39,375 WwW 66,618 

Nebraska _ 7,124 a __ Ww 774 Zinc metal prices rose sharply to 

New York __ 3,364 WwW 71,276 Ww 100,915 record-high levels in the first 3 months 

Qhio 80,612 4,853 31,529 Ww 116,994 | of the year, continuing a 17-month 

Pennsylvania «97,736 Ww Ww Ww 169,595 | price uptrend that began in November 

Tennessee 4,052 — — 56,762 60,814 | 1987. The North American producers’ 

Texas 12,385 — — WwW 12,385 | quote for HG was raised to a record- 

Undistributed 88,221 88,158 12,245 88, 166 97,649 | high 95 cents per pound at the end of | 

Total | 437,759 95,680 189,641 146,201 369,281 | February. By late March, the tightness 

W Withheld to avoid disclosing company proprietary data; included with “Total” and “Undistributed.” in world zinc supply began to ease and 

i ‘des race ill, b ingot makers, and brass foundries prices on the LME trended downward, 

3 Includes producers of vine-base alloys for diecastings, stamping dies, and rods. in turn lowering domestic Prices to the 

4 Includes slab zinc used in rolled zinc products and in zinc oxide. 

TABLE 19 

ZINC CONTENT OF PRODUCTION AND SHIPMENTS OF ZINC 

to about 592,000 tons at yearend. The PIGMENTS AND COMPOUNDS! IN THE UNITED STATES 

stock rise in the second half of 1989 (Metric tons) 

was mainly attributable to increased 

world metal production, in part be- 1988 1989 

cause of fewer strikes rather than any Production ‘Shipments Production Shipments 

substantial fall off in demand. Zinc oxide 93,521 98,031 103,642 102,515 

ane Pondon Meta Ene (LME) | Zinc sulfate 15,374 16,201 14,427 13,671 

planned to terminate is HG contact | Gycauene? BBS Ta 
tract that was introduced in September | 15 °1"%<, eaded zinc oxide and lithopone. 

1988. As a result, LME zinc metal | 2inctudes zinc content of zinc ammonium chloride. 
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| TABLE 20 ) 

ZINC CONTENT OF ZINC PIGMENTS AND COMPOUNDS! PRODUCED 
BY DOMESTIC MANUFACTURERS, BY SOURCE 

(Metric tons) 

1988 1989 
Zinc in pigments and compounds Zinc in pigments and compounds 

produced from Total produced from Total 
O Slab Secondary Ore Slab Secondary 

re zinc ‘material | zinc material 
Zinc oxide — ~ 59,000 34,527 93,527 — 66,615 37,027 103,642 
Zinc sulfate W — *15,374 "15,374 W — 14,427 14,427 
Zinc chloride? — — 8,482 8,482 — — 7,269 7,269 
“Revised. W Withheld to avoid disclosing company proprietary data; included with “Secondary material.” 
' Excludes leaded zinc oxide, zinc sulfate, and lithopone. 

2 Includes zinc content of zinc ammonium chloride. 

in March to a low of about 72 cents in 
: TABLE 21 December, averaging about 90 cents for 

REPORTED DISTRIBUTION OF ZINC CONTAINED IN ZINC OXIDE the year. Imported zinc oxide averaged 
SHIPMENTS, BY INDUSTRY! 75.4 cents per pound compared with 49.4 

; cents in 1988. Metric tons : . . ‘ The price quoted in Chemical Mar- 
Industry. ——S~S«W RS oR og a | keting Reporter (CMR) for zinc ulfate, Industry 1985 1986 1987 1988 1989 cling Kep ( ) ° s Agriculture —=S=«2,060.=S*~*S*S*«*S;«SC‘DBSC*<“CS*‘“~*~*SSATN'CS*SCSSSCd2COBB OC 500 monohydrate industrial grade, 36% 

Agriculture , ° , ° , 0 zinc in bags in carload lots, was $30 per Ceramics 9829 4,010 4,901 3,302 2.789 | 100 pounds through February and $41 Chemicals 17,982 18,163 22,789 21,898 22,462 | thereafter. Agricultural zinc sulfate in Paints 6,572 8,638 8,007 3,441 *,699 | bulk was listed by CMR at $460 per Photocopying 6,659 Ww Ww w W | short ton. Technical-grade zinc chlo- 

Other 12,572 6,999 7,814 12,189 13,277 quoted at $22 per 100 pounds in Janu- 
Total 108,933 97,184 110,577 98,031 102,515 ary and $24 thereafter. 

WT Wether 

e e e 

W Withheld to avoid disclosing company proprietary data; included in “Other.” The LME was the pr incipal basis for ‘In addition, zinc oxide was imported as follows: 1985—-39,375; 1986—43,924; 1987—57,276; 1988—73,042; and 1989—59,557: ] d . oe . 1989 N ] distribution cannot be distinguished by industry. 
wor Zinc pr Icing in ° of on y 
were most of the world’s concentrate 
sales based on LME prices but also 
most metal sales. Producers’ quotes, TABLE 22 ; ; . ,; including those in North America, DISTRIBUTION OF ZINC CONTAINED IN SULFATE SHIPMENTS tended to become more responsive to 

(Metric tons) LME price changes in 1989. Because of 
this increased price volatility, some zinc 

Industry 1985 1986 1987 1988" 1989 | COmpanies were considering dropping Agriculture. ~-*»13683. TR RI@ a | producer quotations altogether in favor : Agriculture 13,683 18,616 14,934 13,602 10,922 of basing sales on the LME SHG price 
Other 3,532 3,171 _3,096 _2,599 _2,149 Most custom zinc smelter companies 
EE Revised. agreed to use the LME SHG cash settle- 

ment price as the basis for determining 
treatment charges in 1989 and in the 80-cent-per-pound level by June. Overall, | lower LME prices, stock increases, and | future. This agreement, plus the fact that world demand remained strong in the | reduced demand in the domestic econ- | LME zinc contracts were U.S.-dollar- summer months, and U.S. zinc prices | omy, in part, owing to sharp cutbacks | based, provided a convenient reference stabilized at about the 80 cents level. In | in automobile production. price for both metal and concentrate and September, LME zinc stocks increased, Zinc oxide prices, as quoted in the | made zinc contracts hedgeable at the resulting in downward pressure on | American Metal Market, followed the | LME. 

prices. In the last quarter of the year, price trends of zinc metal. Prices ranged Changes in annual U.S. zinc metal domestic zinc prices fell in response to | froma high of about 95 cents per pound | prices from 1850 through 1988, and a 
1156 
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| TABLE 23 brief analysis of the factors that influ- 
U.S. PRODUCERS OF ZINC OXIDE AND CAPACITY, BY COMPANY __| €nced those changes were included in a 

| ; Bureau of Mines report on nonferrous 
EE metal prices.” The average annual zinc 

Company Plant location (metric tons) price over the 1909-88 period, based on 
- jossSSSSSSd 9 1987 constant dollars, was 57.2 cents 

Asarco Incorporated Hillsboro, IL per pound. 
Big River Zinc Corp.! Sauget, IL : | | 
Eagle Zinc Co. —_ | Hillsboro, IL FOREIGN TRADE ._——sdi_id« 
Hitox Corp. of America Spokane, WA >. MAN 

Interamerican Zinc Inc. Adrian, MI 156,000 156,000 | | 
Midwest Zinc Corporation Chicago, IL Exports of basic zinc materials in 
Pasco Zinc Products Corp. Memphis, TN | 1989 were the best in years. Waste and 
Zinc Corporation of America Monaca, PA scrap exports rose for the eighth con-_ 

Do. Palmerton, PA secutive year and set record highs in 
' Big River Zinc Corp. acquired plant from AMAX in Sept. 1988. | both content and value. Exports of slab 
2 Pigment & Chemical Inc. acquired plant from Pacific Smelting in May 1989. | | zine and zinc oxide increased many-fold 

| over 1988 levels and, respectively, were 
: the highest since 1974 and 1947. Ex- 

| ports of zinc in concentrates were the 
highest since 1985; most were shipped 

: to Canada from western U.S. zinc pro- 
TABLE 24 ducers. Interestingly, U.S. exports of 

U.S. PRODUCERS OF ZINC SULFATE AND CHLORIDE PRODUCTS | Zinc in concentrate in 1989 exceeded 
IN 1989 , imports for the first time since the early 

| 1930’s. | 
a a ars General imports of zinc in concen- 

Company Plant location production production trates totaled 388,566 tons, whereas 
| American Microtrace. + ~~ + +©¥Fairbur,NE ~~ X. imports for consumption totaled only 
Re W Mimanitete OO  — —esesSsSséSéSsS + | 40,947 tons. The disparity was due to B & W Micronutrients Bartlesville, OK xX ‘ ; Bay ZincCo. TT Moxee Cit WAT City, WA x shipments of concentrates through Skag- 

| way, AK, to world markets from Cana- 
Big River Zinc Corp, Sauget, EK da’s-Faro zinc-lead mine in the Yukon 
The Chemical & Pigment Co. Pittsburg, CA X X Territory. ‘Imports-of-slab. zinc and zinc 

Cozinco Inc. Denver, CO x oxide both fell substantially from those 
Frit Industries Inc. Ozark, AL xX | of 1988; however, they were, respectively, 
Liquid Chemical Corp. Hanford, CA x the second and third highest levels ever 
Madison Industries Inc. Old Bridge, NJ »4 X recorded. According to CDA, 397,000 
Mineral Research & Development tons of brass mill products were im- 
Corp. Harrisburg, NC x ported and 133,400 tons exported in 
Zaclon Inc. Cleveland, OH X 1989, compared with 433,600 imported 
Zinc Corporation of America Monaca, PA xX and 115,000 exported in 1988. 

WORLD REVIEW 

TABLE 25 World zinc metal consumption con- 

STOCKS OF SLAB ZINC IN THE UNITED STATES, DECEMBER 31 __| tinued its record-setting pace, exceed- 
ing 7 million tons for the third straight 

(Metric tons) year. Smelter output was a record high 
| and mine output was the second high- 

1985 1986 1987 1988 1989 | est ever recorded. 
Primary producers 29,030 16,722 13,448 °*6,005 ©7,200 | _ Zinc metal consumption was about 
Secondary producers 3,389 3,203 3,162 695 1,031 | 7-2 million tons, slightly less than that 
Consumers _ 60,310 54,079 57,410 ° 64,864 60,297 oe G The repre to IL- 

Merchants 27,163 26,559 22,352 14,290 22,183 | a about 40,000 Tons from "hee a? 
Total 9,892 100,563 96,372 85,854 90,711 119,892 100,563 96,372 85,854 90,711 | 1988. The MEC accounted for about 

“Estimated. "Revised. three-fourths of consumption and the 
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centrally planned economies (CPE) | South America accounted for about | zinc metal producers, accounted for 

about one-fourth or about 1.9 million | 38% of world mine output; Europe, | about 38% of world refined zinc metal 

tons. The world’s leading consuming | including, Greenland and the U.S.S.R., production. 

nations, in order of estimated con- | 30%; and Australia, 11%. Canada was The world supply-demand position 

sumption, were the United States, the | the leading world zinc mine producer | was extremely tight in the first few 

U.S.S.R., Japan, the Federal Republic | despite a second consecutive sharp | months of 1989, continuing the tight 

of Germany, China, and France. The | decrease in output. Canada, together supply-demand situation that persisted 

United States, Japan, and Western Eu- | with the U.S.S.R., Australia, and | throughout 1988. Prices rose to alltime 

rope accounted for slightly more than | Peru, accounted for 48% ‘of world zinc | high levels in the first quarter before 

one-half of world consumption and | production. easing in the second quarter. After Au- 

about 70% of the MEC consumption. World exports of zinc in concentrates | gust, stock levels rose, easing prices fur- 

According to ILZSG, the principal uses | totaled about 2 million tons, of which | ther. According to ILZSG, net exports of 

of zinc metal in 1988 in the major | more than 90% were from the MEC. | metal from the MEC to the CPE coun- 

| Western countries were: galvanizing, | Australia, Canada, and Peru accounted | tries were 11,000 tons in 1989. The 

45.1%: brass and bronze, 20.4%; zinc- | for about 75% of the total exported. | U.S.S.R. was the largest importer of the 

based alloys, 15.0%; chemicals, 8.1%; | Japan was by far the leading importer of | CPE countries, importing 47,000 tons of 

zinc semimanufacturers, 7.0%; and | zinc concentrates, followed by the Fed- | the 117,000 imported by that group. 

others, 4.4%.? In 1989, galvanizing | eral Republic of Germany, France, Bel- Further corporate concentration of 

was estimated to have increased to | gium, and the Netherlands. According to | the world’s zinc industry took place in 

46%, whereas other uses were about | ILZSG, the MEC imported 106,000 tons | 1989 continuing the trend of the past 

the same as in 1988 except brass and | from CPE countries and exported | few years. The Société Générale de 

bronze, which declined to slightly less | 111,000 tons to CPE countries in 1989. | Belgique, located in Belgium, merged 

| than 20%. World refined metal production was | its majority-owned zinc companies into 

~ World zinc mine production was 7.06 | up about 70,000 tons to 7.2 million | an 87.5%-owned subsidiary, called Acer- 

million tons, marginally higher than in | tons in 1989. According to ILZSG, | Union Miniere SA. The new company 

| 1988, but about 160,000 tons less than | MEC production was 5.23 million tons, | was estimated to control about 10% of 

the record high of 1987. In tonnage | virtually the same as in 1988. Most | world zinc smelter output. Acer-Union 

terms, Australia, Peru, and the United | countries produced at last year’s level; | Miniere’s zinc subsidiaries included Met- 

States recorded significantly higher | however, China, the Republic of Korea, | allurgie Hoboken-Overpelt S.A.; Soc. 

production in 1989, whereas, Canada, | and the United States recorded notable | des Mines & Fonderies de Zinc de Ra | 

Japan, and Sweden produced signifi- | increases, whereas Belgium and Can- | Vielle Montagne S.A., the world’s larg- 

| cantly less than in 1988. ada produced less. Canada, China, Ja- | est custom zinc producer; and Union 

| On a geographic basis, North and | pan, and the U.S.S.R., the four largest | Zinc and JMZ in the United States. 

TABLE 26 

AVERAGE MONTHLY U.S., LME,’ AND EUROPEAN PRODUCER PRICES FOR EQUIVALENT ZINC 

(Metallic zinc, cents per pound) 

a 
| 1988 1989 | 

Month United LME European United LME European 

| States” cash’ producer‘ States” cash producer 

January 44.44 39.81 39.65 79.27 78.57 79.30 

February 45.44 39.72 40.37 87.70 87.54 88.62 

March 47.90 44.50 42.38 93.71 88.89 87.67 

April 51.50 48.46 45.29 88.52 75.04 75.35 

May? 56.04 53.33 49.03 84.64 78.24 76.25 

June 62.55 61.87 55.05 80.59 75.65 73.30 

July 65.64 56.08 56.13 79.67 75.63 73.69 

August 66.46 59.35 54.43 81.32 82.04 78.74 

September 68.26 60.30 60.91 81.08 75.56 74.90 

October 69.75 68.85 63.11 79.95 69.25 73.77 

November 71.25 70.63 65.83 75.92 . 65.65 64.89 

December 73.44 72.24 68.04 72.33 68.28 64.98 

Average 60.20 51.11 53.37 82.02 77.64 75.95 

" Revised. 

' London Metal Exchange. 

2 Based on High Grade zinc delivered. 
3 As of May 1989, LME cash price changed to Special High Grade from High Grade. 

Source: Metals Week. . 
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TABLE 27 

U.S. EXPORTS OF ZINC AND ZINC ALLOYS, BY COUNTRY 

II I I I 

1987 . 1988 | 1989 

Country Quantity Value Quantity Value Quantity Value 

(metric (thou- (metric (thou- (metric (thou- 

| tons) sands) tons) sands) tons) sands) 

Unwrought zinc and zinc alloys: 

| Belgium-Luxembourg ' 6 $21 23 $81 — — 

Canada 1,059 2,608 1,574 4,175 2,023 $5,275 

Chile — — 5 8 — — 

| Germany, Federal Republic of 120 34 60 48 (4,787 7,187 

Hong Kong 1 5 67 99 . 210 411 

India — — 100 84 — 49 20 

Israel — — 18 57 | 6 36 

Jamaica | | 77 99 62 68 _ 207 451 

Japan 27 77 10 28 8 14 

Korea, Republic of 4,257 8,603 2,281 3,364 10 36 

Mexico 44 134 45 115 86 162 

Netherlands 2 5 15 54 9 32 

Panama 42 54 4 5 18 49 

Salvador 1 2 1 2 1 3 

Singapore 14 21 63 107 | — 

Spain — _ 1 10 | 1 7 

Switzerland 3 7 — — — 

Taiwan 1,113 775 1,186 875 454 455 

United Kingdom . 7 16 602 1,194. (?) 3 

Venezuela 50 305 1 5 —_ 

Other? | 84 171 112 __275 116 __292 

Total 6,907 12,937 6,230 10,654 7,955 14,433 

Wrought zinc and zinc alloys: OO ~— OO — OO | 

Argentina 1 2 — — — — 

Australia — — 2 16 34 86 

Bahamas 39 33 67 151 4 7 

Brazil — — — — 44 81 

Canada 1,087 1,744 1,076 2,130 1,932 2,293 

Chile 53 94 6 28 17 62 

Colombia 7 25 14 47 19 61 

Costa Rica | 1 2 4 14 9 52 

Dominican Republic 23 50 9 21 131 307 

Ecuador 2 7 14 34 10 38 

El Salvador 23 36 — — —_— — 

France — — 307 101 96 66 

Germany, Federal Republic of 863 542 2,091 1,121 1,218 466 

Guyana 6 11 6 10 2 5 

Hong Kong 7 12 — 181 239 192 138 

India 2 7 77 53 3 23 

Jamaica — — 124 186 1,691 1,820 

Japan 59 126 83 225 50 223 

Korea, Republic of 4 7 108 77 28 77 

Leeward and Windward Islands 18 19 — — — — 

Mexico 521 775 712 1,170 488 1,312 

See footnotes at end of table. 
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TABLE 27—Continued 

U.S. EXPORTS OF ZINC AND ZINC ALLOYS, BY COUNTRY | 
—  -  —v—X—¥— ESE 

| 1987 1988 1989 

Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 

Wrought zinc and zinc alloys—Continued 

Netherlands Antilles 46 55 41 39 3 10 
Pakistan | — — ?) 3 — _ 
Panama 22 44 12 23 20 37 
Philippines 42 116 26 74 . 14 62 
Saudi Arabia 1 5 380 370 12 33 
Singapore | | — — 101 591 6 46 
South Africa, Republic of 3 5 4 18 8 104 
Spain 1 3 3 11 (?) 2 
Sudan — — 153 231 127 241 
Taiwan . 2 3 72 77 12,548 9,697 
Trinidad and Tobago. 10 10 — — — — : 
United Kingdom 11 ; 46 6 35 199 333 
Venezuela 29 45 39 114 5 27 
Other ‘* 120 224 112 278 258 739 
Total 3,003 4,048 5,830 7,487 19,168 18,448 OT 

FOO 
For 1987, Belgium and Luxembourg combined, data not available to separate; 1988 and 1989 data for Belgium only. 
Less than 1/2 unit. 

3 Includes Argentina, Colombia, Dominican Republic, Ecuador, France, Greece, Indonesia, Italy, Nigeria, Pakistan, Portugal, Republic of South Africa, Saudi Arabia, Sweden, Syria, Thailand, the United 
Arab Emirates, and Uruguay. 

4 Includes Angola, Antigua, Aruba, Belgium, Bermuda, British Virgin Islands, Cayman Islands, Denmark, Dominica, French Guiana, Guatemala, Honduras, Iceland, Israel, Italy, Microns, the Netherlands, 
New Zealand, Peru, Salvador, St. Lucia, St. Christopher-Nevis, Suriname, Sweden, Switzerland, Turkey, the United Arab Emirates, and Uruguay. 

Source: Bureau of the Census. 
; 

TABLE 28 

U.S. EXPORTS OF ZINC 

eee 

Blocks, pigs, anodes, etc. 
Zinc oxide Ores and U ht concentrates Unwrought nwroug 

Year — oo eee alloys 
Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 

1987 265 $531 16,921 $8,304 1,082 $2,114 5,825 $10,823 EPA, OLS 
1988 530 822 33,590 19,699 482 933 5,748 9,721 I FAO KN 
1989 12,286 17,872 78,877 64,224 5,532 8,783 2,423 5,650 Toa II ee IDL 

Wrought zinc and zinc alloys 
so iO 00 Waste and scrap Dust and Sheets, plates, Angles, bars, (zinc content) flakes 

strips pipes, rods, etc. 

Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) hv OMS) SATIS) 

1987 1,732 $2,337 1,271 $1,711 88,277 $46,182 1,927 $3,300 NOE 
1988 3,814 4,416 2,016 3,071 103,732 66,052 2,221 3,929 ON I LF 
1989 16,515 14,816 2,653 3,632 108,086 75,947 8,137 13,861 
Source: Bureau of the Census. 
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TABLE 29 can be produced in a period of time on 

U.S. EXPORTS OF ZINC ORES AND CONCENTRATES, BY COUNTRY | 4 normally sustainable, long-term op- 

erating rate, based on the physical 

(Zinc content) equipment of the mine or plant, and 
: given acceptable routine operating pro- | 

1988 1989 cedures involving labor, energy, materi- 

Quantity Value Quantity | Value als, and maintenance. Refinery capac- 

(metric tons) (thousands) — (metric tons) (thousands) | ity is based on engineering capacity 

Australia — — 3,500 $1,942 | provided by the companies or as esti- 

Belgium — — 10,752 21,016 mated by the Bureau of Mines. Capacity 

Brazil _ _ 5,126 3,291 includes both operating plants and plants 

Canada” 33,260 $19,510 42,770 26,843 | temporarily closed that, in the judgment 
Ina tt<CS 42 24 | _ of the author, can be brought into pro- 

Imacl SC _ _ 5 HW duction within a short period of time : 
_______ ith minimum capital expenditure. 

Japan 249 143 13,126 6,891 wit 

Korea, Republic of — — 1,386 1,663 | | 

Mexico — — “78 759 | CURRENT RESEARCH 
Philippines 1 3 () 2 ee 

Sweden 29 16 — — 

| Taiwan 9 3 547 580 The Bureau of Mines continued to 

Trinidad — — 13 7 conduct zinc-related research in many 

United Kingdom _ _ 1,174 1,219 diverse areas. The lead, silver, tin, 

Total ti(‘ét~;~;*Cé#S3«zSOON;C*# 19,699 78.877 64,224 | and zinc resources of the Sheep Creek 

Tl a | prospect ih north-central Alaska were 

Source: Bureau of the Census. evaluated by field investigations and 
mineralogical, characterization, and con- 
centration tests.* The effect of common 

Curragh Resources Inc., operator of | mines opened, four closed, and six | sulfide minerals, including sphalerite, on 

the Faro zinc-lead mine in Canada, | mines expanded capacity in 1989. The | the corrosion rates of various types of 

bought a 20% interest in Europe’s larg- | Red Dog Mine in Alaska, which was | ferrous alloy grinding media was stud- 

est zinc producer, Asturiana de Zinc expected to add 325,000 tons to world ied.- The extraction of gallium and ger- 

S.A. Curragh, one of the world’s larg- | zinc capacity, was not included in the | manium from hydrometallurgical zinc 

est exporters of zinc concentrate, ex- | 1989 total owing to startup problems | process residues were studied.° Extrac- 

pected to gain further diversification of | that delayed full commissioning into | tion rates of more than 90% were at- 

its concentrate markets, and Asturiana | 1990. The Hellyer Mine in Australia, | tained. Soil-extraction methods on agri- 

expected to gain zinc supply to feed its | rated at 92,000 tons capacity and San | cultural lands contaminated by acid 

ongoing 80,000-ton smelter expansion | Vicente Mine in Peru, 33,000 tons new | mining waste were studied to provide a 

in Spain as well as help replace future | capacity, respectively, were the largest | means for predicting potential phytotox- 

zinc concentrate deficiencies owing to | zinc producers to open and to expand | icity of zinc, copper, and arsenic.’ One 

the possible closure of its partially- | in 1989. The Prieska Mine in the Re- | of the extraction procedures provided 

owned Rubiales Mine in 1991. public of South Africa, 24,000 tons | good correlations with metal levels in 

In September, Noranda Ltd. and | capacity, was the largest zinc producer | plant tissues and was anticipated to be a 

Trelleborg AB jointly completed their | to close. useful measure of toxicity for plants. A 

acquisition of Falconbridge Ltd. that World smelter capacity gained about | hydrothermal sulfidation and chloride 

included the Kidd Creek zinc-copper | 0.1 million tons to 8.0 million tons in | leaching procedure was investigated to 

operations in Ontario. Through this | 1989, mainly as a result of minor ca- | detoxify and recover lead and silver 

acquisition, Noranda’s direct share of | pacity additions in a number of coun- | from plumbojarosite, a hazardous resi- 

world zinc mine and smelter capacity | tries. Greenfield smelters under con- | due product generated during pressure- 

rose to about 3.5% and 4.7%, respec- | struction in India and Iran and | oxidative leaching of zinc concentrates in 

tively. In 1989, Trelleborg, through its | expansions underway in Belgium, Bra- | commercial operations. The procedure 

Boliden subsidiary, also acquired zinc | zil, the Federal Republic of Germany, | tested was a potentially effective method 

mining interests in Portugal and in | Mexico, Spain, and the United States | for detoxification of such residues and, 

Maine, where the company planned to | were expected to add about 400,000 | in addition, resulted in high-lead and 

develop the Bald Mountain copper- | tons of new smelter capacity in the next | high-silver recovery. 

zinc-silver-gold deposit. few years. | A comprehensive coverage of zinc- 

| The data in table 36 are rated annual | related investigations and an extensive 

Capacity production capacity for zinc mines and | review of current world literature on 

World mine capacity was about 8 | primary zinc refineries as of December | zinc extraction, alloys, uses, products, 

million tons, up about 200,000 net tons | 31, 1989. Rated capacity is defined as | and research was available in quarterly 

from 1988. Seven new zinc-producing | the maximum quantity of product that | issues of Zincscan, published by the 
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TABLE 30 

| U.S. GENERAL IMPORTS OF ZINC, BY COUNTRY 

. 1987 1988 | 1989 

Country Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

ORES AND CONCENTRATES | 
(zinc content) 

Australia | 476 $63 458 $61 600 $78 
Bolivia — — 50 6 28 6 
Canada 399,755 61,634 365,175 73,816 366,244 72,346 
Chile 12 2 — — 15 10 
China 223 30 — _— — — 
Germany, Federal Republic of 5,103 3,044 — — _— — 

Honduras | 6,469 869 1,172 614 — — 

Mexico 5,494 1,648 7,218 3,164 16,408 9,114 
Peru 7,978 3,001 31,633 11,748 5,301 3,036 

Total - 425,510 70,291 405,706 89,409 388,596 84,590 
BLOCKS, PIGS, OR SLABS! re DC a OO a 

Algeria 505 389 2,300 2,152 — — 
Argentina — — — — 3,013 4,490 

Australia 51,435 42,451 25,000 26,701 42,766 69,473 
Austria — — 300 243 —_— _ 

Belgium-Luxembourg 9,769 8,371 11,635 13,993 2,562 4,221 
Brazil — — 3,997 5,318 8,899 15,158 
Canada 360,729 301,773 424,390 474,621 435,254 730,463 
China 4,199 3,474 93 105 317 524 
Finland 18,336 15,702 14,779 17,591 24,321 41,386 
France | 10,539 8,575 9,308 9,818 8,110 13,789 

| Germany, Federal Republic of 15,272 13,065 7,321 7,806 3,512 5,884 

Hong Kong . 1,289 1,020 — — 150 252 
Italy 16,388 12,752 7,981 8,155 — — 
Japan 11,943 9,892 1,492 1,298 (?) 2 
Korea, Republic of 3,868 4,184 18,122 20,702 2,352 3,776 
Mexico 53,344 42,368 60,947 70,494 70,817 115,330 
Monaco — — — — 136 231 

| Netherlands 28,281 23,451 11,097 12,332 4,685 7,532 
New Zealand 500 | 423 — — — —_ 
Norway 17,507 15,440 31,695 30,150 28,801 47,325 
Peru 22,383 17,235 11,943 12,213 34,409 54,772 
Poland 250 232 4,177 4,909 — _ 
South Africa, Republic of — — — — 201 331 

Spain 55,427 42,256 65,231 76,679 26,277 44,747 
Sweden — — — — 8 137 

Taiwan — — 200 202 220 426 
United Kingdom 3,570 2,875 4,311 5,206 1,239 . 2,114 
Yugoslavia 2,035 1,550 792 1,010 — _— 

Zaire 17,338 12,870 21,086 22,830 13,155 20,720 
Zambia 1,078 873 1,000 1,304 749 1,159 
Zimbabwe — — 1,663 1,421 — _ 

Total 705,985 581,221 740,860 827,253 711,953 “1,184,244 
'In addition, in 1989, 3,250 tons of zinc anodes were imported from Canada, China, the Federal Republic of Germany, Finland, France, Hong Kong, India, Italy, Japan, Mexico, the Netherlands, Norway, 
the Republic of Korea, Spain, Switzerland, Taiwan, Thailand, and the United Kingdom. 
” For 1987, Belgium-Luxembourg combined, data not available to separate; 1988 and 1989 data for Belgium only. 
3 Less than 1/2 unit. 
‘Data do not add to total shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 31 

U.S. IMPORTS FOR CONSUMPTION OF ZINC, BY COUNTRY | 

II 

1987 1988 1989 

Country Quantity Value Quantity Value ~ Quantity Value 

. (metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

ORES AND CONCENTRATES | oe a 
_ (zinc content) . : . 

Canada | | 28,960 $7,130 25,463 $10,934 20,161 $11,150 

Honduras : 6,469 869 — 1,172 | 614 — — 

Mexico : 5,422 1,639 5,967 2,618 ~ 16,408 9,114 

Peru 5,613 2,684 , 30,364 11,580 4,405 2,783 

Total’ 46,464 12,322 62,966 25,746 40,974 23,047 

BLOCKS, PIGS, OR SLABS! a oO SO ae Se 

Algeria 505 389 2,300 2,152 — — 

Argentina — — — oo 3,013 4,491 

Australia : 51,435 42,451 25,000 26,701 42,766 69,473 

Austria — — 300 243 — ae 

Belgium-Luxembourg” 9,769 8,371 16,739 17,037 2,562 4,221 

Brazil — — 3,997 5,318 8,899 15,158 

Canada 360,729 301,773 427,558 477,855 435,254 730,463 

China 4,199 3,474 93 105 317 «5524 | 

Finland . | 18,336 15,702 . 14,780 17,591 . 24,321 41,386 

France 10,539 8,575 9,308 9,818 8,110 13,789 

Germany, Federal Republic of 15,272 13,065 7,321 7 7,806 3,512 5,884 

Hong Kong 7 1,289 1,020 | — — 150 252 

Italy - 16,388 12,752 7,982 8,155 — — 

| Japan 11,943, 9,892 1,492 1,298 @) 2 

Korea, Republic of — 3,868 — 4,184 18,122 20,702 2,352 3,776 . 

Mexico 553,344 42,368 60,947 70,494 70,817 115,330 

Monaco | — — — — 136 231 

Netherlands 28,281 23,451 11,097 12,332 4,685 7,532 

New Zealand 500 423 — — — — 

Norway 17,507 15,440 31,695 30,150 28,801 47,325 

Peru 22,383 17,235 11,943 12,213 34,010 54,051 

Poland 250 232 4,176 4,909 — o— 

South Africa, Republic of — — — — 201 331 

Spain 55,427 42,256 65,231 76,679 26,277 44,747 

Sweden . — — — — 8 137 

Taiwan — — 200 202 220 426 

United Kingdom 3,570 2,875 4,311 5,206 1,239 2,114 

Yugoslavia 2,035 1,550 792 1,010 — — 

Zaire 17,338 12,870 21,086 22,830 13,155 20,720 

Zambia 1,078 873 1,000 1,304 749 1,159 

Zimbabwe — — 1,663 1,421 — —_— 

Total 705,985 581,221 749,133 833,531 711,554 “1,183,523 

'In addition, in 1989, 3,250 tons of zinc anodes were imported from Canada, China, the Federal Republic of Germany, Finland, France, Hong Kong, Italy, Japan, Mexico, the Netherlands, Norway, the 

Republic of Korea, Spain, Sweden, Switzerland, Taiwan, Thailand and the United Kingdom. 

2For 1987, Belgium-Luxembourg combined, data not available to separate; 1988 and 1989 data for Belgium only. 

Less than 1/2 unit. 
‘Data do not add to total shown because of independent rounding. 

Source: Bureau of the Census. 
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TABLE 32 

U.S. IMPORTS FOR CONSUMPTION OF ZINC 

Ores and concentrates Blocks, pigs, Sheets, plates, strips, 
y _ (zinc content) slabs! other forms 

<a Quantity Value Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1987 46,464 $12,322 705,985 $581,221 960 $1,384 
1988 62,966 25,746 749,133 833,531 4,100 5,395 

Waste and Dross, ashes and fume Dust, powder, 
scrap : (zinc content) _ flakes , ae! 

Quantity | Value Quantity Value Quantity Value (thousands) 
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands) 

1987 4,025 $1,928 6,727 $3,461 7,001 $7,940 $608,256 
1988 5,727 3,615 6,346 4,279 7,652 11,958 884,524 
1989 9,367 6,674 9,031 7,856 7,253 15,123 1,241,659 
' Unwrought alloys of zinc were imported as follows, in metric tons: 1987—60 ($53,687); 1988—50 ($76,864) and 1989—632 ($952,159). 
2In addition, the value of manufactures of zinc imported was as follows: 1987—$1,569,545; 1988—$1,415,747; and 1989—$2,080,347. 

Source: Bureau of the Census. 

Zinc Development Association, Lon- | decade. Mine output was anticipated to | Domestic secondary zinc production 
don, United Kingdom. reach record-high levels in the 1990’s, | could increase by more than 50% of 

but smelter capacity was expected to | present levels in the next decade and 
—_____________________ | rise only modestly. No new primary | constitute 40% of total U.S. zinc metal 
OUTLOOK zinc smelters will likely be built in the | and compound consumption by the 
_ «| United States during the 1990’s owing | year 2000. Increased secondary recov- 

to permitting delays and economic in- | ery was expected to be driven by public 
U.S. demand for zinc was forecast to | decision caused by the uncertainty of policies related to waste recycle, envi- 

rise slowly, increasing from about 1.06 | environmental regulations and the ronment, and public health. 
million tons in 1989 to about 1.2 mil- | long-term liability threats posed by Su- World zinc metal consumption was 
lion tons by the year 2000. No major | perfund. Ironically, the United States expected to continue upward, rising to 
shifts in domestic zinc use were fore- | is poised to become a major world | about 8.5 million tons by the year 2000 
seen, although some present uses may | exporter of zinc concentrates, and, at | from the 7.2 million tons consumed in 
yield further to substitution. the same time, to remain the world’s | 1989. No new major-consuming uses of 

Despite having an adequate zinc re- | largest importer of refined zinc metal. | zinc were on the horizon. Traditional 
, source base, imports were expected to Secondary zinc recovery from waste | zinc uses in meeting the needs of a 

continue to account for more than one- | and scrap was anticipated to be a strong rapidly growing and more affluent world 
half of U.S. zinc demand in the next | growth sector for the zinc industry. population were expected to be the driv- 

ing force for increased zinc usage in the 
next decade. No long-term problems 

TABLE 33 with supply were foreseen, although en- 
U.S. IMPORTS FOR CONSUMPTION OF ZINC PIGMENTS vironmental concerns could affect zinc 

AND COMPOUNDS mine and refinery production, especially 
in developed countries. World zinc re- 

ON 988—~SOS*~*~<“«~“<CS~S*‘<CSCS*‘«StStSSd«*~«*Y:«C SCS and reserves were adequate to 
Quantity Value Quantity. Value supply the higher demand through the 

(metric tons) (thousands) (metric tons) (thousands) | Year 2000, and the industry, historically, Zinc oxide —=—=—=S=*«=C«é‘“«~«SB*OA:SC*<“‘COCO€CO€#«STW“OS”=*#*#*#*#*#~#«~S#S9«SS7~«#~#~‘*;«&g}S«3.aae~ has always responded to shortages with 
Zinc sulfide + +2487. °©»~»~«23,6€22”~”~CS~*~<~SOSANSSSOSS~«S TB increased production. 

Lithopone 2,386 1,628 3,365 2,155 

Zinc chloride 1,306 1,181 2,578 2,301 panvnrnntmae.. OU 
Zinc sulfate 3,445 1,784 3,387 1,856 BACKGROUND 
Zinc cyanide 160 307 (’) (’) 
Zinc hydrosulfite 213 391 () () Zinc is the fourth most widely used 
Zinc compounds, n.s.p.f. 5,188 9,076 1,098 2,151. | metal after iron, aluminum, and cop- 
' Data not available because of change in tariff codes. per, yet through most of its history, zinc 
Source: Bureau of the Census. was not known as a distinct metal. Zinc 
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TABLE 34 has been found in bronze artifacts 

. TARIFF CODES FOR IMPORTS AND EXPORTS OF ZINC | made 5,000 years ago and has been 
used as a component of brass in Europe 

exports” and Asia for more than 2,500 years. 

Material me Although a few artifacts composed 

——— __-?°"___ | mainly of zinc metal have been dated 

TSAR CTS back to 500 B.C., the extreme scarcity 

Slab zine «626.0200 ————C—SC*7901..11.0000 | Of ch items before A.D. 500 suggest 
7901.12.0000 | the metal was made by accident or the 
7901.20.0000 | technology was short lived and forgot- 

Ore and concentrate (zinc content) 601.6100 2608.00.0030 | ten. In the 6th century, A.D., the Chi- 

| 2608.00.0045 | nese are known to have produced arti- 

Zinc waste and scrap (zinc content) 603.0030 2620.11.0000 | Cles ; of zinc metal and are gener ally 

626.1000 3620.19.0000 | credited with being the first to develop 

| 009 00.0000 the technology to make zinc metal. 

Zinc powders and flakes (zinc content) 626.4100 7903.10.0000 Recent archeological studies, however, 
__ rarer ______>—="—""""—— | suggest that smelter technology in In- 

TS dia may have preceded that in China.’ 

Zinc oxide (gross weight) CCSD 2817.00.0000 | Zinc was smelted in the Zawar area of 

Zincchloride ——‘—s—sSSCSCSC=~SD.TOD—————2827.36.0000 | India as early as A.D. 1000 and was 

Zinc sulfate 422.7600 2833.26.0000 | produced there on a large scale begin- 

Zinc compounds, other 422.7700 2830.20.0000 | ning in the 13th century. Europeans 

2841.20.0000 | were apparently unfamiliar with zinc 

3206.42.0000 | metal until the 16th century, even 

ports” though they had used earthy forms of 

Material —jossSOCS~CSstSttSBQ=C*Yd*:«C EBC compounds for many years to 

a __HTS?_ ret he derivation of the name zinc is 

Slab zine | ___ 626.0200 7901.11 -0000 obscure but “‘zinken’”’ and “zinck” were 

6260400701125 000 | ge by alchemists in central Europe in 

Ore and concentrate (zinc content) 602.2012, «2603.00.0030 | the early 1500’s in reference to a “semi- 

— 02.2022,—————————s«2607.00.0030 | metal,” the source of which is un- 

602.2032 2608.00.0030 | known, but was likely zinc metal 

| 602.2042 2608.00.0045 | formed by accident in smelting zinc- 

2616.10.0030 | rich lead and copper ores. Paracelus, a 

2616.90.0030 | German-Swiss professor of medicine 

Zinc waste and scrap (zinc content) 626.1000 7902.00.0000 | Who died in 1541, is credited with being 
+26 90.11.0000 the first European to list zinc as a 

Zine powders and flakes (zinc content) 626.4000 7903.10.0000 | ‘listinct metal and to describe some of 
—_____""__________=-—__ | its properties. During the 17th and 18th 

626.4200 7903 .90.3000 . . . 

CE | centuries, zinc metal was imported 

7903-90-00 | From Asia by Portuguese and Dutch 

Zinc oxide (gross weight) «73.7600, ——C=éi8'17.00.0000 | traders and was sold under various 

T8000 —«3206.49.3000 | names, but eventually became known 

Dross, ashes, and fume (zinc content) 603.3000 2620.19.3000 | as spelter, the commercial form of slab 

603.3030 2620.19.6030 | zinc. Spelter, as a term for slab zinc, is 

603.5020 still used, but in many countries, in- 

Zinc sheets 626.1500 7905.00.0000 | cluding the United States, the term is 

961700... ——S—__._ | sed little todayy. 

66180 The technology of smelting zinc is 

—56.200.°~”~COCSCS thought to have been brought to Eu- 

— «4990 000 rope from China around 1730, and in 

RO | the early 1740s the first European zinc 

626.2400 CCCCCSCCC*Y:s gm eter wass erected in England. By the 

[=r SS end of the 18th century, large-scale 

2 Harmonized Tariff Schedule of the United States. commercial smelting had began in Eu- 
rope, mainly as a result of improved 

Source: Bureau of the Census. . 4s . oqo . 
distillation methods utilizing horizon- 

tal muffles of large capacity known as 
the Silesian method. Zinc distillation 

by the Belgian method or by numerous 
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TABLE 35 

U.S. IMPORT DUTIES FOR ZINC MATERIALS, JANUARY 1, 1989 

Item HTS Most favored nation (MFN) Canada Non-MFN 

No. Jan. 1, 1990 Jan. 1, 1990 Jan. 1, 1990 
Ores and concentrates. 2608 .00.0030 1.7¢ kg on lead content . 1.3¢ kg on lead content 3.7¢ kg on zinc content 

Unwrought metal ss 7901.11.1250 1.5% adval. Ss=*=<i*ié‘iC tM nd vl. =t=<“i*‘=™S*SC OM Ad dC 
Alloys, casting-grade ———=—7901.12.1000-—~—=«'19.0% adval. +++~=«'15.2%adval. + + 45.0%adval. 
Alloys SSS=«i901.20.0000——=—«92COM aval. =S—=*=<“i«*‘:;*C*S*«dNSC QM dal. ~~*~*~*#*#«S«OM adval. 
Waste and scrap ———=—=«i7902.00.0000-s—<“i«‘iC ad l® = —i(“‘“‘(CUD*#*”*#CdR:CO*#~#!#~!™!™!#«d«~SOM% advail. 
Hard zinc spelter ——==—2620.11.0000—sdL.S% adval. ..  I2%adval..  S5.O0%adval. 
Zinc oxide, dry 2817.00.0000 Free Free 5.5% ad val. 

small horizontal retorts in a single fur- 
nace followed within a few years. The 
Belgian method gained widespread ac- | 
ceptance and became the preferred pro- TABLE 36 TABLE 36—Continued 
duction method for the next 100 years. ZINC: WORLD MINE AND ZINC: WORLD MINE AND 

In the United States, the first zinc | PRIMARY SMELTER CAPACITY, | PRIMARY SMELTER CAPACITY, 
metal was produced in 1835 at the BY COUNTRY BY COUNTRY 

crnment browoht a etka, ree, (Thousand metric tons) (Thousand metric tons) 

gium to build and operate a small a 
spelter furnace to produce zinc from Country Mine Smelter Country Mine Smelter 
zincite ore from New Jersey. The pri- | Algeria 15 40 | Japan 170 893 
mary purpose for the zinc produced Argentina 35 33 Korea, North 230 260 
was to provide alloying metal to make | Australia. SOS*=~S*~=S=«SS 345 | Korea, Republic of 25 235 
brass for the manufacture of US. stan- | Aisia SCS 20 25 | Mexico — 320~—~ 217 
“ae units of weight and measure. Belgium —SOS=~S~S _ 325 | Morocco 95 _ 

e U.S. zinc mining industry began Bolivia 45 _ |Namba 40 _ | 
about 1850 with production of oxides | ——————______ ——— 
and compounds from zinc ores in New | Brazil 130 lol | Netherlands _ 200 
Jersey and Pennsylvania. The first com- | Bulgaria 70 90 | Norway 25 140 
mercial zinc metal production began in | Burma 5 — | Peru 8S m7 
1860 when smelters were built in Illinois | Canada 1,430 735 Philippines 2 — 
and Pennsylvania to treat nearby ores. | Chile 35 — Poland 205 175 
By the turn of the century, U.S. zinc | China 550 375 Portugal — 11 
mining and smelting activity had grown Congo 3 _— Romania 45 60 
rapidly, mainly developing in Illinois, | Gyechoslovakia. 7 — | Saudi Arabia 3 _ 
Kansas, and Missouri because of close- | Ejjagor tS 1 — | South Africa, 
ness to Tristate and Wisconsin zinc ores Finland 64 170 Republic of 90 105 
and adequate coal for smelting fuel. The France 40 315 Spain tst—<CSwt 300 304 
discovery of low-cost natural gas in Kan- German Demouatio Sweden —«&4«Q) _ 
sas in the mid-1890’s led to increased Republic _ ig | Thailand 85 70 
smelting in that State and made Kansas | ————————___ Wo ° . . Germany, Federal Tunisia 10 — the leading zinc-producing State by 1899. Republic of 15 350 Tukey 50 30 
The development of mineral flotation | G ~~ 30 — | a 
processes early in the 20th century made | | - USSR 870 1,050 
it possible to recover zinc from complex | ~*~ ~ | United Kingdom 7 105 
ores and produce high-grade concen- | Honduras, 70 ~ | United States 390 325 
trates. This led to zinc production in | Hungary 1 — | Vietnam 10 10 
many areas of the United States. India 15 99 | Yugoslavia 100 170 

World zinc metal production was | Indonesia 1 — Zaire t—~S 80 72 
centered in Europe in the 18th and 19th | Iran 70 — | Zambia 45 55 
centuries; however, toward the end of | Ireland 200 — | Total 7,979 7,992 
the latter century, U.S. zinc production Italy 85 253 Sources: Bureau of Mines and International Lead and Zine Study 
had risen substantially, resulting in a | — 7 | Group. 
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second major world production center. | Definition, Grades, and Specifications | prepared to customer specifications. 

By 1901 the United States had become Zinc is a bluish-white metal with a | CGG contains up to 0.35% lead and 

the leading world zinc producer, a po- | melting point of 419.6 °C and boiling | some aluminum, whereas, CLG contains 

sition held for most of the next 70 | point of 907 °C. The melting point | less than 0.18% lead and no aluminum. 

years. After World War I, a number of | permits low-temperature casting, and | Former specified grades, known as Im- 

countries, including Australia, Can- | the boiling point is an important factor mediate, Brass Special, and Selected, 

ada, Japan, and the U.S.S.R., devel- | in purifying the metal by distillation | were largely used in alloying with copper 

oped significant zinc smelting indus- | methods and in producing metal dust | to form brass. 

tries. Despite increased zinc production | and zinc oxide in very fine particles, a Galvanizing is the process of coating 

elsewhere, Europe, except during the | feature desirable for many uses. The iron with zinc to form a protective 

two World War periods, and the United | properties of being chemically active coating. This is generally accomplished 

States continued to be the main zinc | and alloying readily with other metals | by immersion of clean steel or iron ina | 

smelting centers, in part because they | are utilized industrially in preparing a | bath of molten zinc (hot-dip galvaniz- 

also were the high zinc consumption | large number of zinc containing com- | ing) or by electrodeposition of zinc 

areas. From the late 1960’s, U.S. zinc | pounds and alloys. The relatively high | from solution onto steel or iron (elec- 

production declined because numerous | position of zinc in the electromotive | trogalvanizing). Other forms of galva- 

smelters closed for environmental and | series largely accounts for the extensive | nizing are accomplished by tumbling a 

technical reasons, resulting in the reduc- | use of the metal to protect iron and | heated mixture of zinc dust and small 

tion of U.S. zinc smelter capacity to | steel products against corrosion. steel parts, such as nails or bolts (sher- 

one-third its former level. Occurring con- Zinc produced from ores is termed | ardizing), by spraying atomized molten 

current with the decline of the domestic | “primary” zinc. When zinc is produced | zinc metal through a gun onto clean 

zinc industry and in the prior decade, | from scrap or residues, it is termed | steel (metallizing), and by painting with 

many countries began or expanded their | “secondary,” “redistilled,” or “remelt” | zinc dust paint. 

zinc mine and smelter production. | zinc, depending on the recovery proc- The zinc used in hot-dip galvanizing, 

Whereas only 9 countries were known to | ess. Primary zinc metal is categorized | historically, was PW, HG, or specially 

be producers of zinc metal in 1900, 37 | as electrolytic or distilled zinc accord- | prepared alloys composed of more than 

produced metal in 1989. Zinc mining was | ing to the reduction process used. Com- | 98% zinc, and for electrogalvanizing, 

similarly limited to a few countries in | mercial zinc metal cast in various | the zinc metal quality was SHG or HG. . 

1900, but 54 countries produced zinc in | shapes and sizes is termed slab zinc in | In recent years, a number of alloy 

1989. the United States; the older term spelter | coatings have been developed that have 

Uses before zinc metalmaking by the | is now rarely used in this country. superior characteristics over those men- 

Chinese in the sixth century involved The American Society for Testing and | tioned above. The two principal new 

the naturally occurring zinc minerals | Materials (ASTM) has approved specifi- hot-dip coatings are Galfan and Gal- 

and oxidic zinc materials resulting from | cation in the past for as many as six | valume. Galfan, 95% zinc and 5% 

smelting lead and copper ores. Zinc’s | commercial grades of slab zinc at one aluminum-mischmetal alloy, has gained 

presence in bronze was most likely ac- | time, but currently lists only three—PW, | widespread acceptance as a coating for 

cidental and dependent on the ores used, | HG, and SHG. The compositions of | sheet, tube, and wire; whereas, Gal- 

whereas, zinc compounds were recog- | these grades are as follows: valume, a 55% aluminum and 45% zinc 

nized and were deliberately mixed with 
copper to produce brass by the cementa- 

tion process. Some cosmetics of ancient Analysis (percent) 

Egypt contain appreciable amounts of Grade! “Tead, %Wron, Cadmium, Zinc minimum 

zinc carbonate and/or zinc oxide. maximum maximum maximum (by difference) 

Zinc was a little used and obscure | Special High Grade? 0.003 0.003 0.003 99.990 

metal in most of the world until pro- | High Grade 03 02 02 99.90 

duction began on a small scale in En- Prime Western? Sts=“‘=‘s‘Ssé‘iCMSC“‘s‘;3CC*tCOS!!!!!”!”!CO BO 

gland in 1740, Since then, world COn- | isc spectied for ws inte manufacture of old dnc or bras, aluminum shall not weed 0.005%. 
sumption of zinc has increased from | 2tin in Special High Grade shall not exceed 0.001%. 

less than 100 tons per year to more than | *Aluminum in Prime Western shall not exceed 0.05%. 

7 million. Zinc metal consumption 

grew slowly, initially being used mainly 

to make brass, pigments, and rolled Historically, PW zinc was the first | plus some silicon alloy, is highly compet- 

products, and later to produce galva- | specification and was established for hot- | itive with typical galvanizing and Galfan 

nized steel and die-cast products. From | dip galvanizing. HG, and later SHG, | mainly in steel sheet uses. In electrogal- 

1740, 173 years (1913) lapsed before | were established when metal of high pu- vanizing, alloy coatings such as iron- 

world zinc metal consumption reached | rity was required for diecasting purposes. | zinc, manganese-zinc, and nickel-zinc are 

1 million tons and 203 years (1943) Two other grades of nonspecified slab | gaining an increased share in the auto- 

before it reached 2 million tons. After | zinc, Continuous Galvanizing Grade | motive sheet market compared with pure 

World War II, annual world consump- | (CGG) and Controlled Lead Grade | zinc coatings. 

tion increased rapidly, reaching 7 mil- | (CLG), have gained acceptance for gal- In recent years, the usage of 1-sided, 

lion tons in the mid-1980’s. vanizing purposes. CGG and CLG are | 1%-sided, and 2-sided galvanized and 
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TABLE 37 electrogalvanized sheet and strip, espe- | minum, bronze, and iron. 
ZINC: WORLD RESERVES AND | Cially in the automobile industry, has Brasses are copper-base alloys in 

RESERVE BASE 1989, BY increased to provide corrosion protec- | which the zinc content ranges from 5% 
CONTINENT AND COUNTRY tion. One sided has a normal zinc | to 40%. Some bronzes, whose princi- 

| - surface on one side; the other side is | pal alloying materials are copper and 
(Million metric tons) uncoated or stripped of its coating to | tin, contain up to 4.5% zinc. 

| provide a smooth paintable surface. Zinc dust is made by zinc distillation 
Continent and Reserves Reserve | The 1% sided has a galvanized surface | from slab zinc or secondary zinc met- 

country base__/ on one side and a thinner paintable | als; the particle size is controlled by the 
North America: iron-zinc alloy coating on the other side. | rate of distillation and condensation. 

Canada 21 56 Galvannealed steels have also made in- | The principal standard grades of zinc 
Mexico 6 8 roads in automobile manufacturing and | dust have metallic contents of 95% to 
United States 20 50 are used for both exposed and unexposed | 97% with the remainder in oxide form. 
Other C) (') | parts. Galvannealed steel differs from | Materials of lower metallic contents are 
‘Total s=sst=i“‘(‘é47O..OUO#+#+«©dg4a~ =| regular hot-dipped products in that an | not suitable for pigment use but are 

South America! SC —~Ss—é‘é‘ = = | additional annealing treatment is em- | suitable for some chemical uses. Dust outh America: . . . . . ——_- ployed to more fully alloy the zinc with | with an average particle size of 7 to 9 Brazil 2 3 : . ; . ce >a 7 9 iron in the substrate, thereby improving | micrometers can be classified as a stan- 
AS the weldability, formability, and paint- | dard grade, while an average particle 
Other ability of the product. size of 4.5 to 7 micrometers would be 

Total 10 16° The typical hot-dip galvanizing strip | classified superfine dust, and dust of 2.5 
Europe: is coated on both sides with anywhere | to 4.5 micrometers would be ultrafine. 

Finland 1 2 from 0.1 to 2.0 ounces of zinc per | The term “blue powder” generally refers 
France 1 1 square foot. Designations such as G-90 | to the zinc dust distillation product of 
Germany, Federal and G-60 for galvanized strip indicate | pyrometallurical retort smelting proc- 
Republic of | 1 2 coating weight; G-90, for example, in- | esses. Blue powder was the earliest form 

Greece 1 1 dicates a coating weight of 0.9 ounce of | of zinc dust and owes its name to its 
Ireland 5 7 zinc per square foot. bluish-gray appearance caused by surface | 

Italy 2 3 For electrogalvanizing, coating weights | oxidation on dust particles. 
Poland 3 4 range from 20 to 120 grams per square Zinc powder is generally produced by 

Portusal meter. A designation such as 70/50 elec- | atomizing a stream of molten zinc metal ortugal 2 3 . . ae . . . Spain. 5 ‘ trogalvanized sheet indicates both sides | by a high-pressure blast of air or other 
a | are coated but with different coating | gases. The resultant particles, which are 

_eweden I 3 weights, 70 grams per square meter on | considerably coarser than distilled zinc 
USSR 10 15 | one side and 50 grams per square meter | dust, are sized before use. Leafed or 

_ Yugoslavia 2 3 | on the other. flaked zinc powder is composed of flat- 
Other 2 4 Zinc diecasting alloys, commonly | tened particles generally made by milling 

Total 36 54 known commercially as Zamak alloys or | spherical zinc powder with stearic acid 
Africa: as die-cast alloys No. 2, 3, 5, or 7 are any | added to prevent agglomeration. 

South Africa, of several zinc-base alloys in which alu- Zinc vapor burns in air to form the 
Republic of 3 14 minum and copper are the principal al- | white powder, zinc oxide. Zinc oxide is 

Zaire 5 7 loying elements. The most widely used of | produced commercially by both the indi- 
Other 1 2 these alloys, No. 3, contains from 3.5% | rect or French-process from zinc metal or 

to 4.3% aluminum, up to 1.25% copper, | metallic residues and by the direct or Total 9 23 
Asia: Sssti<“‘i=<CSCti‘SSCS [= —— | and from 0.03% to 0.08% magnesium. | American-process from zinc ores or ox- 
China The aluminum imparts wear resistance, | idic secondary materials. The following ina 5 9 . . . . . peas “India 5 7 high strength, and corrosion resistance | table present zinc oxide specifications: 
Ten properties to the alloy; copper improves 
an 2 6 tensile strength, hardness, and other American French 

Japan 4 6 physical properties; and the magnesium process process Korea, North 4 6 counteracts subsurface corrosion caused | Zinc oxide, minimum 99.0 99.0 
Thailand 1 1 by certain impurities. Sulfur, maximum 2 1 
Turkey 1 2 Three zinc-based aluminum alloys, | Moisture and other 
Other 1 2 generically identified by their approxi- | voiatiles, maximum 5 5 

Total 23 39 mate aluminum contents, 8%, 12%, | Total impurities, 
Oceania: Australia 19 49 | and 27%, are used for general-purpose | maximum 2.0.0 

Grand total 144-295 __ | industrial foundry castings. These alloys een tained on 
‘Less than | million metrictons. ~~ SSCOCSO«C*“dS;CW:sSEPOCCCiffically intended for gravity- “mesh (44-micro n 1 million metri . . . meter) sieve, casting methods, where they provide sub- | ium 1.0 1.0 

stantial energy savings In casting OVer + soc ASTM Standards, pl. 28, pp. 28-29 (Specification 079- 
conventional foundry alloys, such as alu- | 44), reapproved 1974. 
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Lithopone is a white pigment com- TABLE 38 

posed of a mixture of barium sulfate | ZINC: WORLD MINE PRODUCTION (CONTENT OF CONCENTRATE 
and zinc sulfide. Formerly an impor- AND DIRECT SHIPPING ORE UNLESS NOTED), BY COUNTRY * | 
tant paint pigment, its use has declined wh 4 metric tons) 
in recent decades. ousand metric tons 

a 

Products for Trade and Industry Country 1985 1986 1987 1988 1989° 

Commercial zinc is traded or sold to | Algeria 13.5 14.0 © 13.0 12.0 12.0 

industry mainly in the grades produced | Argentina 35.7 39.5 35.6 36.8 243.2 

_| at primary smelters or as zinc-based | australia 759.1 712.0 718.4 °765.7 2 03.0 
alloys specified by diecasters and galva- | Aysriasi(<—‘; <2 2373732COC*# 1.7 16.3 15.7 17.1 16.5 

nizers. The size and shapes of metals Bolivia. 37.1 33.5 39.3 57.0 2748 

sold are varied, but generally are in the — EE — 

form of slabs, blocks, or waffle ingots. Brazil 123.8 123.9 133.4 155.9 157.1 

Slabs typically weigh 25 kilograms, | Bulgatia® 8. -—=Ss—=— 68.0 70.0 70.0 70.0 70.0 
whereas blocks range up to 2 tons. | Burma 4.4 4.6 2.6 2.1 2.0 
Each slab or block is identified as to | Canada 1,172.2 1,290.8 1,481.5 1,351.7 21,214.9 

grade and producer by a registered | Chile 22.3 10.5 19.6 19.2 18.4 

brand cast into the metal. Zinc metal is | China 300.0 396.0 458.0 527.0 550.0 

also commercially available in the form | Colombia 2.0 °6.0 e_ 0.1 0.2 

of plate, rolled sheet and strip, wire, | Congo (Brazzaville)° 223 2.3 2.3 2.3 2.3 

dust, powder, and flake. . Czechoslovakia © "7.9 7.3 "7.5 "7.6 7.5 

Brass is generally marketed as ingot | Ecuador® 0.1 0.1 0.1 0.1 0.1 
that is used in foundries for castingsand | ;og0St*~=<C=CS*téi‘COS*é‘i~CS:* 60.6 60.4 55.1 63.9 58.4 

in brass mills for production of rolled, ee 

extruded, and forged products. Zinc ox- France 40.6 39.9 31.3 3. 27.0 

ide is the most widely marketed zinc | Germany, Federal Republic of _ 117.6 103.7 98.9 79.6 73.5 

chemical. It is purchased according to | Greece 22.5 21.0 22.6 22.6 
ASTM specification, particle size and Greenland 70.3 62.1 69.2 77.5 271.5 

shape, and customer requirements. For | Honduras | 44.0 25.4 15.4 23.5 37.2 

example, acicular and plate-type forms | Hungary 2.2 2. — — _ 

of zinc oxide are favored as paint pig- | India 45.3 49.2 53.4 57.9 266.4 

ments, whereas, nodular forms are pre- | Indonesia 0.5 0.5 _ _ _ 

ferred in rubber compounding. Special Iran®é-—t—<“isa_NSOSOS ™25.0 r29.0 T 36.0 r95.0 25.0 

treatment may be required for photocon- | jreland s—t~‘“‘édSd‘CO 181.7 177.0 173.2 168.8 
ductive and pharmaceutical uses. Italy © 45.4 26.3 33.1 37.2 38.0 

Other zinc chemicals, such as zinc | —J——_ 5 

sulfate and zinc chloride, are marketed in Japan 253.0 222.1 165.7 147.2 131.8 
high-purity and technical grades in solid Korea, North® 180.0 225.0 220.0 225.0 225.0 

and liquid form. Solids are sold in | Korea, Republicof 485.7 37.3 23.5 21.8 *23.2 
bags, drums, and carload lots, where- Mexico "275.4 "271.4 271.5 262.2 2284.1 

as, liquids are sold in drums and tanker | Morocco 15.3 17.2 10.3 10.9 717.3 

car volumes. Namibia 30.3 35.4 39.7 36.7 37.0 

Nigeria“ "0.1 — — — — 

Industry Structure Norway 27.8 27.5 22.2 17.8 215.0 
The U.S. zinc mining and smelter | pery 523.4 597.6 612.5 485.4 2597.4 

sector underwent profound changes in Philippines 19 16 1 1.4 1.4 

the past two decades. Most changes | pang stst=<‘<‘i=‘it~‘i‘s*~s*~*~*~*‘«B8« 185.0 184.0 © 184.0 184.0 
involved closures and industry contrac- | ———~77__"___ 2 

tion and restructuring. A number of Romanian 43.0 43.0 41.0 41.0 4.9 

old-line companies, long identified Saudi Arabia ~~ 7 7 0.7 2.0 

with the domestic zinc industry, disap- | South Africa, Republicof 98.9 101.9 112.7 89.6 °71.3 
peared from the zinc scene. Among Spain 234.7 *227.0 273.0 278.0 265.0 

them were Anaconda, American Zinc, | Sweden 216.4 ™219.3 218.6 186.9 163.5 

AMAX, New Jersey Zinc, St. Joe, and | Thailand 77.5 97.2 88.7 78.0 262.8 

Eagle Pitcher. Many mines and most | Tunisia 5.6 4.5 5.9 9.4 9.0 

smelters, including all those using | Turkey? 37.4 Al 42.2 rega 0 43.0 

horizontal-retort technology, closed U.S.S.R.° 810.0 810.0 810.0 810.0 810.0 
during this period. Mine capacity de- | Schoomusaedoubke OCS 
clined by one-half and smelter capacity 
by two-thirds. Of 14 primary smelters 
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TABLE 38—Continued Geology-Resources 

ZINC: WORLD MINE PRODUCTION (CONTENT OF CONCENTRATE Zinc is the twenty-third most abun- 
AND DIRECT SHIPPING ORE UNLESS NOTED), BY COUNTRY! dant element in the Earth’s crust and is 

7 a trace constituent in most rocks. Many 
(Thousand metric tons) minerals contain zinc as a major com- 

| _ | ponent; however, only a few are eco- 
Country 1985 1986 1987 1988? 1989° | nomically important. Sphalerite (ZnS) 

United Kingdom 5.3 5.6 6.5 5.5 25.8 | is, by far, the most important ore min- 
United States 251.9 220.8 232.9 256.4 2288.3 | eral and is the source for most of the 
Vitnam® 5.0 5.0 5.0 £5 5 5.5 | world’s zinc production. Zinc sulfide 
Yugoslavia* = 89.3 99] 87.4 91.2 90.0 oxidizes readily to the common oxide 
Zaire. 17.5 813 94.7 80.0 75.9 | Zinc minerals smithsonite (ZnCO3) and 
Zambiat#  s—CSstsS 32.0 33.0 35.4 33.9 33,5 | hemimorphite (H,Zn,SiOs). Ores con- —_ 3. ———— ——— ——— ——— | taining these oxide minerals were mined 

Total’ 6,758.3 6,935.8 7,231.9 7,014.8 7,061.8 extensively before the development of 

de Re ae 29,90 froth-flotation processes, but currently 
2 Reported figure. only a few deposits are exploited. At the 
>Data may not add to totals shown because of independent rounding. world famous Franklin Furnace and 

“Content in ore hoisted. Sterling Hill deposits in New Jersey, a 
| unique assemblage of zinc minerals— 

, willemite, ZnSiO,; franklinite, (Zn, Fe, 
Mn)(FeMn),O,; and zincite, ZnO—were 

operating in 1969, 11 were permanently | U.S. subsidiaries of foreign companies. | mined for more than 120 years before ore 
closed and 3 were extensively modified Since the early 1900’s, world zinc | depletion in 1986. 
after extended shutdowns. Only one | mine and smelter production has risen Sphalerite is commonly associated 
new “greenfields” zinc smelter has been | from 1 million tons to more than 7 | with cadmium, copper, lead, and silver 
brought on-stream in the intervening | million tons. Many countries mine and | minerals and to a lesser degree with tin 
period. In 1989 only four U.S. primary | refine zinc; however, a relatively small | minerals and gold. Sphalerite nearly 
zinc smelters with a capacity of 325,000 | number of private and state-owned always contains iron and commonly 
tons were in Operation compared with | companies control the bulk of world | small amounts of elements such as 
14 smelters with a capacity of about 1 | zinc production. State-owned zinc op- | cadmium, gallium, germanium, in- 
million tons in 1969. Also during this | erations mainly in the CPE countries | dium, mercury, and thallium, which 
period, all domestic slag-fuming zinc | but also in countries such as Greece, | substitute for zinc atoms in the mineral 
plants at lead smelters and the remain- | India, Iran, Italy, Peru, Zaire, and crystal structure. 
ing ore-based American-process zinc | Zambia accounted for an estimated Exploitable zinc deposits, together 
oxide plants were closéd permanently. | 40% of world mine and smelter capac- | with associated elements, are found in 
In the 1980’s decade, both mine and | ity. Much of the world’s privately held | many diverse geological environments. 
smelter output were the lowest since the | mine and/or smelter capacity is related | These can be divided into seven broad 
1900-09 decade. In the latter half of | to 16 companies either through direct | categories based on differences in their 
the 1980’s, the domestic zinc industry | ownership, subsidiaries, holding com- geological occurrences: (1) volcanic- 
began to improve, mainly in the area of | panies, or equity sharing. These com- | hosted submarine exhalative massive sul- 
mine output, but structurally it was | panies often own interest in each other | fide deposits, (2) sediment-hosted sub- 
much different than it had been in the | either directly or via subsidiaries. As a | marine exhalative deposits, (3) strata- 
1970’s. consequence, ownership links and pro- | bound carbonate-hosted deposits, (4) 

In two decades, the United States fell | duction control in the zinc industry are | strata-bound sandstone-hosted deposits, 
from a position of world leader and | less than clear. The major privately | (5) vein deposits, (6) diatremes, and (7) 
near self-sufficiency in zinc metal pro- | held companies in the world zinc indus- | metamorphic deposits. Oxidized zinc de- 
duction to a Nation two-thirds depen- | try include MIM Holding Co. and Pas- | posits are sometimes formed at the sur- 
dent on imports. Concurrent with the | minco Ltd. (Australia); Acer-Union | face or near surface by supergene enrich- 
smelter production decline, U.S. mine | Miniere (Belgium); Cominco and No- | ment or laterization processes acting on 
output fell from second highest in the | randa Ltd. (Canada); Outokumpu Oy | primary zinc deposits. 
world to sixth place. Foreign ownership | (Finland); Metaleurope S.A. (France); Most major zinc deposits occur as 
of the surviving industry also had in- | Metallgesellschaft AG (Federal Repub- | massive, often strata-bound, sulfide 
creased to major proportions. In the | lic of Germany); Mitsui Mining and | ore bodies or as fillings in breccia or 
1970’s, virtually all domestic zinc min- | Smelting (Japan); Grupo Industrial replacement strata-bound deposits in 
ing and smelting were controlled by | Minera Mexico, S.A. de C.V. (Mexico); | carbonate rocks, commonly known as 
U.S.-owned companies, but by the end | Asturiana (Spain); Anglo American “Mississippi Valley Type.” Examples 
of 1980’s about 60% of the domestic | Corp. (Republic of South Africa); | of massive ore deposits are the Broken 
mine production capacity, including | Trellborg (Sweden); RTZ Corp. (United | Hill and Mount Isa Mines in Australia, 
Red Dog, and 30% of the primary | Kingdom); and Asarco and ZCA | the Sullivan and Kidd Creek Mines in 
smelting capacity was controlled by | (United States). Canada, lead-zinc mines in the Bath- 

1170 ZINC MINERALS YEARBOOK—1989



a 

urst district in Canada, the Ducktown TABLE 39 

arstrict mT Tennessee, ane the fee noe ZINC: WORLD SMELTER PRODUCTION, BY COUNTRY’ 
ine in Alaska. Mississippi Valley Type | | 

deposits are common worldwide: the (Thousand metric tons) 
major deposits of this type in the | —————————AA@M@@*@*W@W_ 

United States are in the East and Cen- | ___—=—Country, 9S 9G] NBT 1987 1988” 1989" 

tral Tennessee districts in Tennessee, | Algeria, primary 35.7 29.00 19.0 238.0 31.0 
the Viburnum Trend in Missouri, and | Argentina: | 

the Tristate district in Kansas, Mis- Primary 30.4 29.1 31.9 ©29.0 29.0 

souri, and Oklahoma. Secondary 2.5 3.0 _ 2.6 _£2.4 2.5 

Total 32.9 32.1 34.5 31.4 31.5 
Technology Australia. —: = =— — 

. Primary? | 288.7 303.1 307.6 302.5 3294.0 

Exploration and Development.—Most | ~ <-condary® 4.5 45 45 4.5 4.5 
of the important zinc-producing mines Total © 293.2 307.6 3121 307.0 298.5 
of the United States except those in Ten- | —H_____LLLCc_Mm 
nessee, St. Lawrence County, NY, Sussex Austria, primary and secondary 25.0 24.0 24.3 23.9 26.0 

County, NJ, and the Picher portion of Belgium, primary and secondary 290.5 288.8 308.6 _323.8 299.6 

the Tristate district, began as lead or | Brazil: | 
lead-silver mines discovered as outcrops. Primary 116.1 130.6 138.7 139.7 *165.5 

In recent years, outcrops with base metal Secondary — 4.6 5.9 _ 9.4 __7.0 36.7 

mineralization or surface indications of Total 120.7 136.5 148.1 146.7 3172.2 

base metal mineralization have led to | Bulgaria, primary and secondary° 90.0 90.0 392.0 90.0 386.8 

the discovery of a number of large zinc | Canada, primary _ 692.4 571.0 609.9 703.2 3669.7 
deposits. Such discoveries include the | China, primary and secondary® 275.0 3336.0 383.0 340.0 425.0 

Polaris Mine in Canada, the Rubiales Czechoslovakia, secondary *°1.0 1.1 1.1 1.4 1.4 

One “la Spain. hoe ta eel vine in | Finland, primary 160.4 155.4. 150.5 156.1 «162.5 

Alaska. > an om 08 .m France, primary and secondary 247.2 257.4 249.3 274.1 266.0 

Prospecting techniques using geo- | German Democratic Republic, : 19.0 
physics and geochemistry have been used _Primary and secondary” ____ 2 — _° 1s —= 

increasingly in mineral exploration. Air- Germany, Federal Republic of: ; 
borne magnetic surveys were instrumen- | Primary 389.9 344.3 348.2 309.9 297.5 
tal in the discovery of large reserves of | _ Secondary 27.9 26.6 (29.3 42.5 —_*45.3 
base metals, including zinc in Canada Total 367.8 370.9 377.5 | 352.4 3342.8 

and Missouri. The massive sulfide de- | Hungary, secondary‘ 6 6 __ 6 __ 6 6 

posit at Crandon, WI, was discovered by | India: — oO 

drilling in an anomalous area identified | primary 70.9 72.0 68.9 68.9 375.3 
by geophysical methods. Geochemistry Secondary®st—(‘séSCS™S ~ 2 "4 2 2 2 

has been widely used in Tennessee, Vir-|~ Tome —. ST Ld 999 69.1 69.1 955 

ele. and ea e cetera Ear Italy, primary and secondary 215.6 229.4 247.0 = 242.1 246.0 

anomalous quantities of zinc in the soil Japams , ; 
or vegetation. In middle Tennessee, Primary 629.5 626.5 591.5 601.1 590.5 

much of the exploration was by surface | Secondary MONS ATT _ 73.3 
mapping, by study of stratigraphy from Total 739.6 708.0 665.6 678.2 3663.8 

oil-well drilling, and from random | Korea, North, primary° 180.0 180.0 210.0 210.0 210.0 

widespaced diamond drilling. After ini- | Korea, Republic of, primary 111.7 127.4 186.1 223.0 3240.2 

tial discovery, exploration is continued by | Mexico, primary F714 173.5 184.8 192.5 3193.3 

further drilling, shaft sinking, crosscut- | Netherlands, primary and secondary 201.7 196.2 207.1 211.0 3203.0 
ting, and drifting. Norway, primary —<—séS2WT 90.4 116.5 121.2 3120.4 

_. — Peru, primary 162.7 155.8 144.2 123.1 137.8 

Mining.—The principal methods em- | ojand, primary and secondary 180.0 179.0 ‘177.0 174.0 177.0 
ployed in zinc mining are room and Portusal primary ~—SM 5.9 5.7 5.8 6.0 5.0 

pillar, shrinkage stoping, and cut and Portugal, primary oan ; " 
fill. Several different methods may be Romania, primary and secondary 40.0 39.0 39.0 42.0 vo 

used within one mine. Except for a few South Africa, Republic of, primary 93.7 81.0 96.1 84.4 85.0 

open pit mines in Australia, Brazil, and | Spain, primary 213.3 202.0 224.0 256.0 257.0 

Canada, and more recently at the Mon- | Thailand, primary 62.1 58.9 66.9 68.6 *68.4 

tana Tunnels and Red Dog Mines in | Turkey, primary 22.2 15.4 18.0 (22.7 24.0 

the United States, open pit methods | see footnotes at end of table. 
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TABLE 39—Continued with a variety of diesel or electric, high- 
| ZINC: WORLD SMELTER PRODUCTION, BY COUNTRY’ capacity, specialized shovels or loaders, 

and haulage is done with trucks or load- 
(Thousand metric tons) | haul-dump units. Track haulage is by 

| electric, diesel, or compressed-air loco- 
| Country 1985 1986 1987 1988P 1989° | motives, but the trend is toward trackless 

US.S.R.:° haulage using rubber-tired, high-speed, 
Primary 390.0 880.0 890.0 848.0 862.0 | maneuverable machines that service 
“Secondary =  ~~—«&00«0 105.0 110.0 115.0 115.0 | Stopes at great distances from the entry 
_ Total ss—s—~—<—stsSsSsS*Ss~tS*«*«éSSS«*d000.0©»=SSS«963.0~—S=«977.0 | AN Convey the broken ore rapidly to 
United Kingdom, primary and | the hoisting skip with a minimum of 

secondary 74.3 85.9 81.4 76.0 379.8 | handling. | 
United States: — — a oe ce : 
Primary = ”—~CS—~—~—~«~HLC 253.4 261.3 241.3 3263.1 | _ Bemefictation.—Most zinc ores are Secondaty. 726 62.9 82.6 88.5 395 1 treated in a mill to separate the desir- 
eh | able mineral constituents in the ore 
— Fora 333.8 316.3 343.9 329.8 398.2 | from unwanted impurities or gangue. 
Vietnam, primary® 4.2 4.2 4.2 4.2 4.2 | This process involves the crushing and 
Yugoslavia, primary and secondary 83.4 82.0 118.1 127.5 3119.4 grinding of the ore to release the indi- 
Zaire, primary 64.0 63.9 54.9 61.1 *54.0 | vidual mineral constituents from each | _ 
Zambia, primary 22.8 22.5 21.0 20.2 12.9 | other, followed by flotation procedures 

Grand total "6,785.6 ‘6,691.1 7,009.2 7,115.3 7,186.5 | to selectively concentrate the valuable 
Of which: | | minerals in fractions separate from the 

Primary S~=«C'44717.7 «4,570.9 4,745.8 4,826.5 4,848.1 | SANUE components. For noncomplex, 
Secondary ——~—~CS«~S 823. 291.3 314.4 339.2 344.6 | carbonate-hosted ores such as those in 

_____Undifferentiated 1,743.9 __*1,828.9 1,949.0 1,949.6 __ 1,993.8 | Tennessee, heavy media separation pre- Cee a ———————————— | treatment before zinc flotation has been “Estimated. P Preliminary. ‘Revised. . . : 
' Wherever possible, detailed information on raw material source of output (primary—directly from ores, and secondary—from scrap) designed into some mills to r educe the 
has been provided. In cases where raw material source is unreported and insufficient data are available to estimate the distribution of | amount of nonmineralized, low specific 

ibe meal sage f meal ouput encloses eae nee ee oe sd ee mes mel rotusion | gravity gangue going to the grinding and 
2 Excludes zinc dust. flotation circuit. 
, Reported figure. . . | A general scheme for the flotation of a etail may not add to totals shown because of independent rounding. mixed sulfide ore is (1 ) flotation of the 

lead-copper minerals and depression of 
the zinc and iron minerals, (2) separation 

have not been used extensively in zinc | room-and-pillar mining at zinc mines | also by flotation of the lead-copper con- 
mining. in east Tennessee. centrate into separate lead and copper 
Room and pillar mining involves the Cut-and-fill mining is best suited to | concentrates, (3) activation and flotation 

extraction of ore from a flat or gently | steeply dipping veins such as found in the | of the sphalerite from the iron and 
dipped ore body by excavation of rooms | silver-lead-zinc mines in the western | gangue minerals, and (4) flotation of the 
supported by unmined pillars of ore or | United States. In the cut-and-fill meth- | pyrite if a recovery is desired. 
waste rock. Zinc and lead-zinc stratiform | od, the ore is broken and removed from Column cells, large cylinders typically 
bodies are the types of deposits most | the stope; waste in the form of rock, | 35 feet or more in height, are increasingly 
often mined by some variation of this | sand, and tailings is backfilled into the | being installed at lead-zinc operations for 
method. Examples are to be found in the | stope to within working distance of the | flotation purposes. Substantial cost re- 
zinc mines of Tennessee, the Missouri | back; and the mining cycle is repeated. A | ductions, increased recovery, and higher 
lead belt, and the Balmat-Edwards zinc | modification of this method is used at | grade concentrates are generally attained 
district in New York. the Lucky Friday Mine in Idaho where | using column cells compared with stan- 

In shrinkage stoping, ore is mined in | the process is reversed. In this case, the | dard flotation equipment. 
successive flat or inclined cuts or slices | mined area is completely sandfilled, fol- Many zinc and zinc-lead mills are 
progressing upward from a haulage | lowed by mining immediately under the | highly automated and require few oper- 
level. After each slice, enough broken | backfilled stope. The method was devel- ating personnel. Many have instrumenta- 
ore is drawn off through chutes or | oped to improve safety by reducing rock | tion, sensors, and on-stream X-ray ana- 
drawpoints to provide working space | bursting problems. lyzers to provide central control of most 
between the top of the pile and the new The cycle of operations in mining | mill functions ranging from head feed 
back or roof of the stope. The remain- | consists of drilling, blasting, and re- | rates and flotation reagent control to 
ing broken ore serves as the floor on | moving broken rock. Drilling usually is | tailings disposal. 
which the miners prepare to cut a new | done with compressed-air percussion High-grade concentrates, 60% zinc 
slice. Shrinkage stoping is generally | drills mounted on self-propelled jumbos | or better, are produced from straight- 
employed in mining vein deposits, but | with either crawler-treads or rubber tires. | zinc ores. Zinc concentrates from zinc- 
is sometimes used in conjunction with | Following blasting, broken ore is loaded | lead ores contain about 50% to 59% 
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zinc, and concentrates from more com- | solution regenerates sulfuric acid, which Recycling.—Recovery of zinc from 

plex mixed ores range from 35% to | is used in succeeding cycles of leaching. | old scrap, mainly in the form of diecast- 

55% zinc. The concentrate is shipped | During the roasting of concentrates, iron | ings, steelmaking electric arc furnace 

to smelters for refining to zinc or zinc | reacts with zinc to form insoluble zinc | (EAF) dusts, and brass and bronze, cur- 

oxide, recovery of byproduct metals, | ferrite, which on leaching remains in the | rently represents about 7% of the total 

and production of sulfuric acid. leach residue and results in decreased | U.S. demand. New scrap, which typically 

The zinc content in lead concentrates | zinc recovery. Several processes, known | is two to three times the quantity of old 

or in mixed bulk lead-zinc concentrates | by the iron residue product produced— | scrap, is mainly zinc-base and copper- 

is sometimes recovered as a zinc oxide | jarosite, goethite, and hematite—are | base alloys from manufacturing opera- 

fume from processing lead slags, pro- | used in smelters to treat leach residues to | tions and drosses and skimmings from 

duced at lead smelters using sinter-blast | extract this zinc and increase recovery. | galvanizing operations. The large use of 

furnaces. The zinc fume, after delead- | Lead and silver, which are commonly | zinc in galvanizing, paints, and rubber 

ing and densifying, is sent to a zinc | found in zinc concentrates, are also in- | has limited recovery of zinc from old 

plant for refining. Zinc fume has been | soluble in the roast-leach process and are | scrap, but in the past few years, increas- 

an important smelter feed source in the | concentrated in the leach residue. Resi- | ing amounts have been recovered from 

United States but because of high | dues with sufficiently high lead and silver | these sources, especially from galvanized 

costs, all domestic slag fuming plants | contents are usually shipped to a lead | steel scrap where zinc is recovered in 

have closed; the last operating plant | smelter, where the lead and silver are | steelmaking EAF dust. The zinc in cal- 

closed in 1985. Two recently commercial- | recovered in lead bullion. cine recovered from the intermediate 

ized lead smelting methods, known as There are three basic types of distil- | processing of EAF dust is typically pro- 

the QSL (Oueneau-Schuhmann-Lurgi) | lation retort plants: (1) batch horizon- | duced as metal at pyrometallurgical 

and Kivcet CS processes, similarly yield | tal retorts, (2) continuous vertical re- | plants such as ZCA’s Monaca plant or 

a zinc oxide or metal product from | torts externally heated by fuel, and (3) | an ISP plant. Plasma-furnace technol- 

zinc-rich lead feed owing to zinc fum- | continuous vertical retorts heated elec- | ogy is also increasingly being used to 

ing in the reduction section of the | trothemally. Only a few horizontal and | recover zinc by the direct processing of 

furnaces. vertical retort plants remain in the | EAF dusts. Electrolytic recovery is gen- 

world. One of the four primary smelt- | erally not cost effective because of the 

Smelting.—Reduction of the concen- | ers in the United States is an electro- | high expense of solution purification re- 

trates to zinc is accomplished by electro- | thermic plant, a type of vertical retort. | quired by the process. At several plants, 

-| lytic deposition from a sulfate solution or | Calcine or sinter together with coal or | crude zinc oxides are recovered from 

by distillation in retorts or furnaces. For | coke as a reducing agent yield zinc | processing used automobile tires. | 

either method, the zinc concentrate is | vapor and carbon monoxide which pass Recovery of zinc diecastings from 

| roasted to eliminate most of the sulfur | into a condensation zone or splash-type | scrapped automobiles is highly efficient 

and produce impure zinc oxide known as | condenser where the zinc is collected as | and is a major source of old scrap. 

roasted concentrate or calcine. At a few | liquid metal ready for casting into slab | However, this source is not expected to 

refineries, pressure leaching of the con- | form. Zinc produced by distillation is | grow significantly because the weight 

centrates is employed instead of roasting. | normally the lower commercial grade, | of zinc diecastings in automobiles has 

The zinc pressure leach process, devel- | but it may be upgraded by redistilling | declined from the mid—1970’s as a result 

oped by Sherritt Gordon Ltd., produces | to reduce impurities. In refining, the | of downsizing and weight-reduction pro- | 

leachable zinc sulfate directly, as well as | impurities such as lead and cadmium | grams. Zinc in zinc-base alloys is gener- 

elemental sulfur, thereby supplanting the | are separated by distillation in vertical | ally recovered by distillation as zinc 

roast and acid plant processes. In Thai- | fractionating columns. The zinc prod- | oxide, dust, or slab zinc, whereas the 

land, an electrolytic zinc refinery pro- | uct can be 99.995% pure. zinc in copper-base alloys is generally 

duces zinc from run-of-mine zinc silicate- A blast furnace process for produc- | recovered by remelting and recasting 

carbonate ore that averages about 26% | ing both lead and zinc, known as the | directly back into brass or bronze in- 

zinc. Zinc is leached directly from the ore | Imperial Smelting Process (ISP), fol- | got. Scrap is the source material for 

by hot sulfuric acid followed by electro- | lows the normal blast furnace practice | most of the domestic output of zinc 

winning. The typical roasting step is | of burning coke in intimate association | dust and chemicals and about one-half 

again not required. : with calcine sinter, and as in the retort | of the zinc oxide production. 

At electrolytic zinc plants, which com- | process, the zinc is released as a vapor 
prise about four-fifths of world primary | and condensed. Twelve plants of this 

metal capacity, the calcine is leached with | type have come on-stream in the past | ~~ 

dilute sulfuric acid to form a zinc sulfate | two decades and account for about | , 9, Sem nO op. 36502-36642. V. 94, No. 
solution. The solution is then purified | 12% of world zinc capacity. An impor- | 2p, ,eau of Mines. Nonferrous Metal Prices in the 
and piped to electrolytic cells, where the | tant advantage of the process is the | United States Through 1988. Spec. Publ., 1989, pp. 
zinc is electrodeposited on aluminum | ability to treat a wide range of zinc-lead | 125-130. 

cathodes. The cathodes are lifted from | materials and recover both metals, as “International Lead and Zinc Study Group. Principal 

the tanks at intervals and stripped of the | well as any gold or silver present, with | Uses of Lead and Zine, 1983-88. Jan. 1990, 41 pp. 
zinc, which is remelted and cast into | no extra coke consumption and little Chan Connor, W. K., D. C. Dahlin, and J. D. Warner. 

. . . . . aracterization of the Sheep Creek Pb-Zn-Ag-Sn Pros- 

slabs. The quality of this zinc is either | extra labor. The zinc metal produced by | pect, North-Central Alaska Range. BuMines RI 9256, 

SHG or HG. The electrolysis of the | ISP smelting is typically PW grade. 1989, 15 pp. | 
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*Esaacson, A. E. Effect of Sulfide Minerals on | QTHER SOURCES OF INFORMATION Lead and Zinc Statistics (monthly | 
Ferrous Alloy Grinding Media Corrosion. BuMines RI bulletin of the International Lead and 
9244, 1989, 19 pp. . or _ | 6 PP Bureau of Mines Publications Zinc Study Group). 

Harbuck, D. D., J. W. Morrison, and C. F. David-. . : : oo. . d son. Optimization of Gallium and Germanium Extrac- Zinc. Ch. in Mineral Commodity Metal Bulletin (London). 

tion from Hydrometallurgical Zinc Residues. Paper in Summaries, annual. Metals Week. 
Light Metals, ed. by P. G. Campbell. Miner. Met. and Zinc. Reported monthly and annually in | Mining Congress Journal. 

Mater. Soc., 1989, pp. 983-989. oo Mineral Industry Surveys. Mining Engineering. 
seen ew, Met aso Extractions for | Minerals Today, bimonthly. Mining Journal (London). Determining Heavy Metal Bioavailability in Mining ‘Il : 

Waste. BuMines OFR 14-89, Feb. 1989, 218 pp.; avail- | Other Sources Roskill Reports on Zine. 
able for consultation at BuMines libraries or NTIS PB ABMS Non-Ferrous Metal Data. Skillings’ Mining Review. 
89-190123A8. American Metal Market (daily paper). World Metal Statistics (World Bureau of 

Gallagher N. P., and P. K. V. Lei. Recovery of Lead Canadian Mining Journal. Metal Statistics, Birmingham, England). 
and Silver from Plumbojarosite by Hydothermal Sulfi- . . os World Mining 
dation and Chloride Leaching. BuMines RI 9277, 1989, Engineer ng and Mining Jour nal. . ° 
9 pp. Journal of Metals. Zincscan. 

*Paliwal, H. V., L. K. Gurjar, and P. T. Craddock. 
Zinc and Brass in Ancient India. CIM Bull., v. 79, No. . 
885, Jan. 1986, pp. 75-85. . 
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By James B. Hedrick and David A. Templeton 

Messrs. Hedrick and Templeton are physical scientists with the Branch of Nonferrous Metals. They have shared coverage 

of zirconium and hafnium for about 2 years. Domestic survey data were prepared by Ms. Imogene P. Bynum, Nonferrous | 

Metals Data Section. | 

irconium and hafnium occur | dioactive sludge generated by the pre- | melted and in several other strategic 

together in nature at aratio of | 1980 refining of zirconium from zircon applications, such as thermal barrier 

about 50 parts zirconium to 1 | sand. The plans submitted for approval coatings on jet engine combustors and 

part hafnium. Hafnium must | were prepared for TWCA by CH,M- turbine vanes, as a white pigment for 

be separated from zirconium that is to be | Hill, based in Corvallis, OR. The esti- | camouflage coatings in snow environ- 

used for certain nuclear applications but | mated 85,000 to 100,000 cubic yards of | ments, and in sonar equipment for 

the two elements are used in combined | material, currently held in evaporation | submarines.” 

form for most other applications. ponds, contains traces of uranium and Zirconium was a minor constituent 

Domestic production of zircon and | thorium, and the decay products ra- of many superalloys, and hafnium was 

zirconium oxide (zirconia) increased over | dium and radon. Previous findings | a major component of an engine alloy 

that of the previous year. Two companies | concluded that the concentrations of used in the F-15 and F-16 military 

produced zircon as a coproduct of proc- | these elements were insufficient to clas- fighter planes. Both metals were re- 

essing titanium minerals from three | sify the waste as radioactive or hazard- | quired for use in U.S. Navy submarine 

mines in Florida. Two companies in New | ous. However, a Nuclear Regulatory | nuclear reactors because of their de- 

Jersey recovered zircon from tailings pre- | Commission law disallowing the waste | pendability and performance in this 

| viously accumulated as a byproduct dur- | from being stored on a flood plain application. At yearend 1989, the U.S. 

ing processing for ilmenite. The world | (Willamette River, 500-year) and public | Department of Energy inventories were 

production of zircon increased to a | pressure prompted the company to seek approximately 15 tons of zirconium 

record-high level in 1989, but the supply | disposal elsewhere. The plans included | sponge, 899 tons of zirconium ingot 

continued to remain slightly below the | transport, via truck or rail, to a solid | and shapes, 24 tons of zirconium scrap, 

level of demand. Zircon’s strong demand | waste landfill, consolidation with Port- | 1 ton of zirconium crystal bar, 5 tons of 

in 1989 continued to result in historically | land cement to prevent leaching, and | hafnium oxide, 28 tons of hafnium ingot 

high price levels. disposal of the aggregate in a sealed | and shapes, and 3 tons of hafnium crys- 

Major uses for zirconium were in | structure. The Environmental Protec- tal bar. 

foundry sands, refractories, ceramics, | tion Agency (EPA) Record of Decision 

abrasives, chemicals, and metallurgical | for Operable Unit #1 (Sludge Ponds) | — — ————________L____ | 

applications. Hafnium was used in | was signed at yearend, affirming the |; PRODUCTION 

metallurgical applications, refractories, | company plans. The EPA expected the | 

and ceramic cutting tools. estimated $10 million cleanup to com- 

Advanced technology applications of | mence in mid-1990.! Zircon was produced primarily as a 

zirconium included stabilized and par- coproduct or byproduct of processing 

tially stabilized zirconia used in extru- heavy mineral sands for titanium min- 

sion dies, industrial cutting blades, ce- | STRATEGIC erals. Associated Minerals (USA) Inc., 

ramic engine parts, thermal barrier a subsidiary of the Australian firm 

coatings for jet engines and other high- CONSIDERATIONS Renison Goldfields Consolidated Ltd., 

temperature environments, and radar produced zircon from heavy minerals 

transparent covers for radar equipment The National Defense Stockpile | mined and processed at Green Cove 

(radomes). Zirconium fluoride and | stocks of zirconium ore, totaling 14,507 | Springs, FL. E.I. du Pont de Nemours & 

hafnium fluoride glasses were used in | metric tons, were classified as excess to | Co. Inc. operated two mines near Starke 

fiber optics. goal. Zircon was produced in the | and Lawtey in northeastern Florida that 

United States, and there were no stock- | produced zircon and other heavy miner- 

i} pile “objectives for zirconium and | als. Heritage Minerals Inc. and Nord 

LEGISLATION AND hafnium materials. Ilmenite Corp. produced zircon from 

GOVERNMENT PROGRAMS Zircon was used in important defense | tailings that were previously generated 

eee eeeeeerrssum_ | related applications. Investment cast- | during processing for ilmenite at Lake- 

ing molds of zircon and zirconia were | hurst and Jackson, NJ, respectively. 

Teledyne Wah Chang Albany | used to cast superalloy components of Molycorp Inc., a wholly-owned sub- 

(TWCA) requested Federal and State | jet engines. Zirconia was used to form | sidiary of Unocal Corp., and the Mes- 

permission to dispose of low-level ra- | the crucibles in which superalloys were | calero Apache Tribe announced a joint 
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venture agreement to develop a deposit CONSUMPTION AND USES TABLE 2 
on the tribe’s reservation in New Mexico, | ————_—"_—— YEAREND STOCKS OF 
The deposit, identified by Molycorp in - ZIRCONIUM AND HAFNIUM 
1985, contains the mineral eudialyte, a Apparent consumption of zircon in MATERIALS IN THE 
zirconium- and yttrium-bearing silicate | 1988 and 1989 was calculated by ad- UNITED STATES 
mineral. Reported reserves were 2.4 mil- | justing domestic production for net — 
lion metric tons grading 1.2% zirconium | trade and changes in stocks. Prior to (Metric tons) 
oxide and 0.18% yttrium oxide. Initial | 1988, production data were withheld to a 
metallurgical tests by Molycorp indicated | avoid revealing proprietary data and Item 1988" 1989 
that the ore could be processed with | consumption was estimated, based ona | Zircon concentrate held by 
conventional heap-leach technology, a | survey of the industry. The zircon con- dealers and consumers 
low-cost process presently used by many | sumption pattern, shown in the follow- | _&luding foundries 31,522 26,966 
gold and copper operations. Although | ing table, was estimated based on sur- ee Zircon held by 
Molycorp was engaged in the production | vey data and were adjusted to equal calers and consumers . . | ; excluding foundries 2,848 5,999 and processing of yttrium and other rare | total apparent consumption as rounded i 
earths for the past 20 years, zirconium | for 1988 and 1989. These data were not Oxide 1383 76 
would be a new addition to its product | consistent with end use data published | —-“®® SEBS 707 
line. A schedule for development was not | by the Bureau of Mines in prior years. Sponge, ingot, scrap, | 
set.° alloys 2,206 2,452 

- . ee eS Refractories 6,202 5,383 Piedmont Mining Company, Inc. End use 1988" 1989 | Hafnium:Sponseand~=~=~CS~S 
was repor tedly investigating occur- Zircon refractories ' 29,000 23,000 crystal bar® 7 07 
rences of titanium minerals and zircon | —~.—..——.3 —_ . h lj AZS refractories 15,000 12,000 | ¢Estimated. ' Revised. 
in Nort Caro ina. . Zirconia and tt” ‘Excludes material held by zirconium sponge metal producers. 

TAM Ceramics Inc., a subsidiary of AZ abrasives? WwW W 
the United Kingdom-based Cookson | ——,——_—_ 

. Alloys W W 
Group, began construction of a new Foundry applications «50.000 41.000 a 
facility at Niagara, NY, to produce One? 50.000 50000 | WORLD REVIEW | 
zirconia using a recently developed | Ve 88000 50,000 | 
chemical precipitation process. The | Total s77,000_ 145,000 
new process, developed by Cookson ee aed to avoid disclosing company proprietary World capacity to produce zirconium 

Research, reportedly yields ultra-high | 1p.°.. and pressed zircon brick and shapes. minerals, shown in table 7, lagged de- 
purity zirconia using selective precipita- * Fused cast and bonded alumina-zirconia-silica-based refractories. | mand by approximately 5%. Because 

. . Le * Alumina-zirconia-based abrasives. | : tion on an industrial scale. Completion 4 Excludes alloys above 90% zirconium. of the strong and persistent demand for 
of the new plant was scheduled for late >Includes chemicals, zirconium metal, welding rods, sandblast- | ZITCOnluM in both natural and proc- 
1990.* ing, and other miscellaneous uses. essed forms, several deposits were in 

either the exploration, pilot plant, or 
TABLE 1 development stage. The additional sup- 

SALIENT U.S. ZIRCONIUM STATISTICS plies provided by anticipated new and 
; expanded operations should substan- 

(Metric tons) . . 
tially ease the worldwide shortage of 

1985 1986 1987 1988 19g9_ | Zircon. 

Zircom) Australia 
_Production: The Nissho Iwai Corp. of Japan 

Concentrates Whi, 606 118,388 | purchased RZ Mines (Newcastle) Ltd. 
Milled zircon 42,744 46,970 42,394 64,393 54,994 | and Cable Sands Pty. Ltd. for A$240 

Exports 15,291 15,852 20,054 "21,794 48,176 | million from Pioneer International 
Imports for consumption 39,723 68,764 67,917 76,331 73,196 | Ltd. Nissho had been importing rutile 
Consumption, apparent! 2 117,934 143,335 132,800 "176,991 144,813 | and zircon produced by RZ Mines for 
Stocks, Dec.31: Dealers and 20 years prior to the purchase. The 
consumers? 26,570 28,074 39,218 "34,370 32,965 | company anticipated growth in de- 

Zirconium oxide: mand for zircon resulting from Japan’s 
Production‘ 4 8,322 7,148 5,226 4,438 10,179 | increase in steel production and from 
Exports 951 1,648 1,206 1,809 NA | the expanding European markets for 
Imports for consumption 1,332 464 1,274 1,089 NA fine ceramics. combined eo op 0. ‘to 

Consumption, apparent 6,804 6,078 3,800 3,548 NA 5. 000 ton ot vhcon ver oa, about 
Stocks, Dec. 31: Producers ®* 4 1,383 2,002 1,213 1,383 1,767 , ; per eat, 

“Estimated. ‘Revised. NA Not available. W Withheld t id disclosi ietary dat 3% of world production. 
. . . 1 € O avol Isciosing compan roprieta ata. . 

' Includes insignificant amounts of baddeleyite. © Sombany proprsany Cable Sands continued development 
? Please refer to the text under “Consumption and Uses” for a discussion of the apparent consumption of zircon. of the Jangardup deposit in the south- 
3 Excludes foundries. : 

* Excludes oxide produced by zirconium metal producers. west of Western Australia. The heavy 
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TABLE 3 mineral mine was expected to begin 

PUBLISHED PRICES OF AUSTRALIAN ZIRCON operation in 1990 or 1991, with an 
| estimated capacity of 10,000 tons per 

(U.S. dollars per metric ton) year of zircon concentrate. 
Production from Australmin Hold- 

Date of publication Standard Intermediate Premium ings Ltd. mine at Newrybar, New South 

grade grade grade | Wales, was postponed because of an 
December 1988: 265-316 299-342 367-641 | appeal by environmentalists to the 

December 1989 395-474 395-474 474-790 | Land and Environment Court. The ap- 

Source: Industrial Minerals (London). No. 225, Dec. 1988, p. 83; and No. 267, Dec. 1989, p. 75. peal was not upheld and the company 

: expected production to begin early in 
1990. Processing of the 30,000 tons of 

| concentrate expected to be produced 
annually will reportedly yield 10,000 

TABLE 4 tons of zircon and 12,000 tons of 
rutile. 

PUBLISHED YEAREND PRICES OF ZIRCONIUM AND HAFNIUOUM Associated Minerals Consolidated 

MATERIALS (AMC) Mineral Sands Ltd. began de- 
| velopment of the Eneabba West de- 

Specification of material 1988 1989 posit. The deposit, due to come on- 

Zircon: | stream in 1990 or 1991, reportedly 

Domestic, standard-grade, f.o.b. Starke, FL, bulk, contains 230 million tons of sand with 
per short ton! | $242.00 $320.00 | a heavy mineral grade of 3.1%. Pro- 

Domestic, 75% minimum quantity zircon and jected annual production of zircon 
aluminum silicates, Starke, FL, bulk, per short ton! 161.00 204.00 | from Eneabba West was expected to . 

Imported sand, containing 65% ZrO., f.o.b., bulk, reach 70,000 tons. 
per metric ton? 237.00- 259.00 435.00- 452.00 Two companies investigated heavy 

Domestic, granular, bags, bulk rail, from works, per mineral deposits in the Scott River area 
3 . . 

_ Shortton® 0 300.00= 350.00 300.00- 600.00 | Of Western Australia. BHP-Utah Min- 
Domestic, milled, 200- and 325-mesh, rail, from erals International indicated that the 

__works, bags, per shortton® —3'50,00- 450.00 350.00- 800.00 Beenup deposit would be capable of 

Baddeleyite, imported concentrate;* dredging upwards of 500,000 tons of 
96% to 98% ZrO,, minus 100-mesh, c.i.f. Atlantic | heavy mineral-bearing sand per year. 

__Ports,perpound SBS iOS | The environmental impact on agricul- 
99% + ZrO,, minus 325-mesh, c.i.f. Atlantic ports, tural activity nearby was studied. A 

——Per pound TO joint venture comprised of Golden Pla- 
Zirconium oxide: teau NL, Kingsgate Consolidated Ltd., 

Powder, commercial grade, drums, 2,000-pound and Wynarde Pty. Ltd. found encour- 

ini .80- . 00-7. . : oe : __finimum, per pound SBI SBS 2,00" 7-00 | aging concentrations of ilmenite (39% 
_ Electronic, same basis, per pound S880 | ty G 4.0%), rutile (3% to 8%), and zircon 
__Insulating, stabilized, 325° F, same basis, per pound 450 450 | (0.5% to 2%) On leases held in the 

Insulating, unstabilized, 325° F, same basis, per vicinity. The overburden on the concen- 

— pound iO *S | trated zones and slimes generated dur- 
__ Dense, stabilized, 30° F, same basis, perpound 8003-00 | ing the treatment phases were expected 
Zirconium oxychloride: Crystal, cartons, 5-ton lots, to present difficulties. ’ 

_from works, perpound® OHI 4 | Ngtth Broken Hill Peko Ltd. was eval- 
Zirconium acetate solution:® uating the feasibility of the King Island, 

25% ZrO.,, drums, carlots, 15-ton minimum, from Naracoopa, mineral sand project. Total 

__works, perpound TT reserves were estimated to contain 25 
__ 22% ZrO2, same basis, perpound —BCC78-| million tons grading 5.2% heavy miner- 
Zirconium hydride: Electronic-grade, powder, drums, als. King Island is situated midway be- 

3 e . ° 100-pound lots, from works, per pound 31- 75 31- 75 tween Victoria and Tasmania near the 

Zirconium: > Bass Strait .® 

Powder, per pound 70.00— 150.00 70.00- 150.00 The Coolj arloo mineral sand deposit 

Sponge, per pound 12.00- 18.00 12.00- 18.00 | near Catabay, Western Australia, was 

Sheets, strip, bars, per pound 16.00- 45.00 16.00- 45.00 | expected to begin production near the 

Hafnium: Sponge, per pound> 75.00- 135.00 75.00- 135.00 | end of the year. With reserves contain- 

'E. I. du Pont de Nemours & Co. Inc. price lists. Oct. 1, 1988 and 1989 respectively. Ing Over 18 million tons of heavy min- 

2 Industrial Minerals (London). No. 255, Dec. 1988, p. 83; and No. 267, Dec. 1989, p. 75. erals grading 12% zircon, the estimated 
3 Chemical Marketing Reporter. V. 234, No. 26, Dec. 26, 1988 p. 26; and v. 236, No. 26, Dec. 29, 1989, p. 40. : 

4 American Vermiculite Corp., Atlanta, GA. Baddeleyite price lists; and Ronson Metals Corp. price lists (effective Jan. 1, 1990). 80% recovery rate should bring about 

5 American Metal Market. V. 96, No. 253, Dec. 30, 1988, p. 6; and v. 97, No. 252, Dec. 30, 1989, p. 6. one and three-quarter million tons of 
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zircon to market during the life of the | als comprised the largest portion of the | to develop a deposit to produce 27,000 
mine. Zircon production expected in | heavy minerals.'? 7 tons of zircon per year. Drilling and | 

| 1990 and 1991 was 31,000 and 67,000 seismic data on the heavy mineral sand 
tons, respectively. The Oklahoma City- | Madagascar deposit in the Transkei at Wavecrest, near 
based Kerr-McGee Chemical Corp. had | QIT-Fer et Titane Inc. (QIT) indicated | the southeast coast, indicated reserves of 
a 50% interest in the venture through | that problems mounting against the de- | 200 million tons grading 5% heavy min- 
its Australian subsidiary KMCC West- | velopment of a mineral sand deposit, on | erals. Approval of the mining lease by the 
ern Australia Pty. Ltd. The Australian | the southeast coast in the Mandena re- | Department of Commerce, Industry, and 
firm Minproc Holdings Ltd. had equal | gion near Toalagnaro (formerly Fort | Tourism was uncertain at yearend.'® 
equity in the project through its subsid- | Dauphin), would delay production until The Anglo American Corp. of South 
iary Minproc Chemicals Pty. Ltd. 1995. The ilmenite project, with reserves | Africa Ltd. studied the feasibility of 

Mineral Deposits Ltd. planned to | of 145 million tons, was a joint venture | developing heavy mineral sand deposits 
have a new mine near Bundaberg, | between QIT-Madagascar Mineral (49%) | in Namaqualand. The deposits were on 
Queensland, in operation by 1991. Ini- | and the National Military Office for | lands owned by De Beers Consolidated 
tial output of zircon from this heavy | Strategic Industries (OMNIS), 51%. | Mines near the west Cape coast, 30 
mineral deposit, on the coast north of | OMNIS reportedly initiated pilot plant | miles north of the Olifants River. A wet 
Rocky Point at Agnes Water, was pro- | construction, further exploration, and | concentration pilot plant was operated 
jected to be 30,000 tons per year.” related industrial activity at the outset of | during the year. If a decision is made to 

The offshore portion of the Eastern | the year. Annual zircon production of | proceed with the project, production was 
Australian Rutile Province, encom- | 24,000 tons was expected when fully | planned to commence in 1992, with ex- 
passing the nearshore from Sydney | operational.‘ pected annual zircon output of 100,000 
north to the Queensland border, was tons per year. Rutile and monazite pro- 
found to contain over 2 million tons of | Mozambique duction were expected to be 25,000 and 
zircon and rutile in noneconomic de- Kenmare Resources PLC of Ireland | 1,000 tons per year, respectively.!? _ 

posits as surveyed in the mid-1960’s. | began the preconstruction and finance Severin Mining and Development 
New exploration for heavy minerals in | sourcing stage of its Congolone project | Co. (Pty.) Ltd. conducted pilot plant 
the Province began in June on the | after receiving approval from the Minis- | tests in Australia on samples taken 
nearshore of the continental shelf off | try of Mineral Resources to mine the | from a deposit it was exploring, 30 
the coast of New South Wales. The new | deposit. Proven reserves of 167 million | miles south of Richards Bay at Mitun- 
marine geophysical survey includes si- | tons grading 3.25% heavy minerals were | zini. The deposit was reported to have a 
descan sonar mapping and seismic re- | estimated to contain 373,000 tons of | 10% heavy mineral grade resembling 
flection and magnetometer profiling; | premium zircon. Beginning in early | the Richards Bay Minerals deposit and 

all data were to be digitized for high- | 1992, 37,000 tons per year of zircon were | a tentative mine life of 20 years. A 
resolution processing.!° expected to be produced. Kenmare held a | decision was expected in early 1990, 

| 71.25% equity in project, the Mozam- | following completion and analysis of 
bican Government held 25%, and the | pilot plant tests.2° 

Bangladesh geologic survey of Yugoslavia, Geoloski Richards Bay Minerals delayed ex- 
The Government was reported to | Zavod, which first explored the deposit, | ploration and development work on its 

have begun a mineral sands project | held 3.75%.'> project at Lake St. Lucia in the Natal 
which was previously discontinued. A Province because of environmental 
survey of 240 square kilometers (km”) | New Zealand concerns. Although the company had 
of beach sands indicated heavy mineral In December, Fletcher Titanium | reclamation practices which, according 
resources totaling 420,000 tons. Miner- | Products Ltd. brought on stream a | to the parent company QIT, “meet the | 
als identified included titanium miner- | pilot mine located on the west coast of | highest standards for such operations 
als, monazite, and zircon.?! South Island. Combined production of | anywhere in the world,” environmen- 

400 tons per year of monazite, rutile, | talists asked the International Union 
and zircon was expected.'® The possi- | for Conservation of Nature to officially 

Denmark bility of more zircon production from | protect the area.”! 
Morstral Minerals conducted explor- | South Island was to be decided upon Richards Bay Minerals received ap- 

atory drilling on an extensive (100 km’) | the completion of a A$4 million feasibil- | proval for the construction of a second 
beach sand deposit exhibiting anomalous | ity study funded by Nissho Iwai Corp. of | dry mill which would double its zircon 
concentrations of zircon and other heavy | Japan, to be completed by May 1990. | production to 300,000 tons per year by 

minerals. The sands are located on the | The study concerned a proposed tita- | 1991-1992. The increase in raw feed 
Thy Coast of the Jutland Peninsula in | nium slag and pig iron plant at a 17- | material for the plant arises from the 
the vicinity of the Hanstholm Harbor.'? | million-ton ilmenite deposit at Westport. | addition of two dredges in the past few 

Zircon, monazite, and gold would be | years for a total of four. The company 
Guyana byproducts of the operation.!” also planned to upgrade more of the 

An estimated 450 river-based dia- standard grade zircon produced to an 
mond and gold dredges were reportedly improved prime grade having a lower 
processing heavy mineral-containing | Republic of South Africa iron content than the prime grade pre- 
resources. Zircon and titanium miner- Rhombus Mining (Pty.) Ltd. planned | viously produced.”” 
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Sierra Leone TABLE 5 

Australian mining companies, Inter- U.S. EXPORTS OF ZIRCONIUM, BY CLASS AND COUNTRY* 
continental Gold & Minerals NL and , 

MC Mining NL, expected to begs praq | 

duction of a heavy mineral deposit at — 988 

Rotifunk in late 1990. Exploration of Class and country wou (th Value 4 ceric th Value 4 

the deposit in the mid-1970’s delineated a 
reserves measuring 146 million tons Ore and concentrates; | 

grading 0.06% zircon’ (87,000 tons). _Argentina 840 $451 650 $679 

The joint venture estimated production | Australia 155 261 1,893 

of 6,000 tons of zircon per year for 13 Belgium 468 450 1,945 1,394 

years. Rutile and ilmenite were to be Brazil — — 538 943 

the primary coproducts.”° Canada 386 157 2,979 1,456 
Sierra Rutile Ltd. expected to begin Chile — — 90 200 

zircon production of 15,000 tons per | Colombia © «41,244 852 1,950 2,562 
year in late 1990. Production is eX-  CostaRica =»=»=—ti(<i‘i‘C ;7 732 COOS”*W _ _ 140 93 
pected from stockpiled, zircon-rich tail- | “Dominican Republic _ _ 201 176 

ings, and from a rutile deposit at Pe-| —Zujgrst=<“<i=CSsSCSsS 376 369 779 457 

jebu. Parent company Nord Resources | —JJYN}}TH]—————_ 

Corp. recovered zircon from heavy Beye 7 7 319 308 

mineral-rich tailings in New Jersey, in the _Framce 305 232 781 314 

United States. Following completion of | _Germany, Federal Republic of 8,938 5,741 9,414 6,291 

the New Jersey project, operated by sub- Guatemala 58 37 — — 

sidiary Nord Ilmenite Corp., the com- Guinea 88 29 — — 

pany tentatively planned to dismantle Hungary — _ 306 389 

and ship the separation plants to Sierra India 5 5 12 6 

Leone to support these operations.” "Indonesia si(‘i‘(SOt;*;*é‘sSOSCOOC~™; _ — 99 40 
Ireland 18 3 38 9 

United Kingdom Italy 14 6 5,874 1,623 

Butte Mining PLC, a precious and Sapam 77 il 3,388 1,748 

base metals producer, purchased Gram- _Korea, Republic of 302 228 331 367 

col Zircon Ltd. for $6.6 million (e4 | Meco 6,346 2,662 8,327 4,760 

million).25 Gramcol produced milled zir- | Netherlands 103 1,041 759 

con for use as opacifiers in the ceramic Pakistan — — 53 102 . 

industry. The company was reported to Peru — — 18 45 

have a mill capacity of 1,500 tons per Portugal — — 78 61 

year.7© Spain = _ 1,773 1,878 
In a move to increase zirconium chem- Taiwan _ _ 2,187 1,563 

ical production by one-third, Magnesium Thailand ......«&8 65 18 34 

Elektron Inc. allocated $49 million (30|"UssR. _ _ 1,234 610 

million) for new plant construction and | “VjiitedKinglom Ss=t=<“—t~*sSS~S~=«SS 33 2,147 809 
expansion of existing facilities at its nan—-_ |_| ££ _.. 

ufacturing complex in Manchester. The | —7™8¥@% ——_ — _ 18 41 

company provided a full line of zirco- _Venezuela BS 384 315 576 

nium chemicals processed from raw zir- | _New Zealand — — 31 63 
con sand. Expansions were also planned | _ Other 162 13700 4 
for the company’s facility in Flemington, Total 21,794 212,339 48,176 33,159 

NJ, in the United States.”’ ‘Unwrought zirconium and waste and scrap: 

British Petroleum exited the mining Belgium 36 321 36 394 

business upon its sale of subsidiary BP Canada 9 89 14 316 

Minerals Development Ltd. to the Ri0 | France t—“‘C; O#*~*~*~*~™ 7 64 _ — 
Tinto Zinc Corp. PLC for $3.9 billion Germany, Federal Republicof 3 50 6 54 

(£2.4 billion).7* Rio Tinto Minerals De-_ |] << 
: Japan 61 2,704 83 3,050 

velopment Ltd. acquired total owner- | <2 

ship of Ol'T-Fer et Titane Inc., which | Netherlands 48 — — 
: held 50% interest in a zircon producer, _ Sweden il 250 30 680 

Richards Bay Minerals, in the Republic | _Switzerland 2 14 3 41 

of South Africa. QIT tentatively Taiwan — — 2 63 

planned to develop an ilmenite deposit Thailand — — 7 179 

in Madagascar.. See footnotes at end of table. 
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COMPANY LOCATION 

UNITED STATES | | 
1. E.l. du Pont de Nemours & Co. Inc. Starke and Lawtey, Florida 

2. Associated Minerals (USA) Inc. Green Cove Springs, Florida . 

3. Heritage Minerals Inc. Lakehurst, New Jersey 

AUSTRALIA 
4. Associated Minerals Consolidated Ltd. Capel and Eneabba, Western Australia 

5. Consolidated Rutile Ltd. Amity, Bayside, Gordon, Dunwich, and Pinkenba, 
Queensland 

6. Currumbin Minerals Pty. Ltd. Kirra, Kingscliff, Gympie, Goid Coast, Rainbow 
Beach, Cudgen, and Currumbin, Queensland 

7. Cable Sands (WA) Pty. Ltd. North Capel, Waroona, and Bunbury, Western 
Australia 

8. Mineral Deposits Ltd. Stockton, Durness, Hawks Nest, New South 
Wales 

9. RZ Mines (Newcastle) Pty. Ltd. Tomago and Nabiac, New South Wales 

10. Westralian Sands Ltd. North Capel, Yoganup, Yoganup North, and 
North Capel, Western Australia 

11. TiO2 Corp. (Kerr-McGee Corp. and Minproc Cooljarioo, Western Australia (planned 1991) 
Holdings) 

ec 

BRAZIL 

12. Nuclebras de Monazita e Associados Ltda. Aracruz/Guarapari,; Espirito Santo; Sao Joao da 

(NUCLEMON) Barra, Rio de Janeiro; Usina de Santo Amaro, 
Sao Paulo 

13. MINEGRAL Aguas da Prata, Sao Paulo; Caldas and Pocos 
de Caldas, Minas Gerais 

14. Rutilo e Ilmenita do Brasil Ltda. Mataraca, Paraiba 

15. Grupo Paranapanema Presidente Figueiredo, Amazonas 
rr gr 

CHINA 

16. State-owned Yangjiang (Nanshanhai), Xitou, Dianbai, Zhan- 
jiang, and Haikeng, Guangdong Province 

17. State-owned Nangang, Guangdong Province 
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7 Baddeleyite 
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— COMPANY LOCATION 

CHINA (cont'd) 7 
18. State-owned Qinzhou and Beihai, Guangxi Province 

19. State-owned Sai-Lao, Wuzhaung, and Xinglong, Hainan Island 
stn 

INDIA 

20. Indian Rare Earths Ltd. Chavara, Alwaye, Kerala 

21. Indian Rare Earths Ltd. Manavalakuruchi, Tami! Nadu | 

22. Indian Rare Earths Ltd. Chatrapur, Orissa 

23. Kerala Minerals & Metais Ltd. Chavara, Kerala | ee ne 

MALAYSIA 

24. Malaysian Mining Corp. Berhad Various locations in Perak and Selangor States 

25. Beh Minerals Sendirian Berhad Lahat, Perak 

26. Others Various locations 
eer 

SOUTH AFRICA 

27. Richards Bay Minerals Richards Bay, Natal 

28. Palabora Mining Co. Palabora, Transvaal 

29. Phosphate Development Corp. (Foskor) Palabora, Transvaal 
rt tet ak 

SRI LANKA 

30. Ceylon Mineral Sands Corp. Pulmoddai 
Tr 

TAIWAN 

31. Pacific Ocean Rare Earth Industry Yuanlin and Chiai Counties 

THAILAND 

32. Various companies Prachuap Khiri Khan, Chumphon, Phuket, and 
Takua Pa 

U.S.S.R. 

33. State-owned Verkhnedneprovskiy complex Dnepropetrovsk 
Oblast 
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U.S. EXPORTS OF ZIRCONIUM, BY CLASS AND COUNTRY! a 

C—O The increased use of zinc-coated and 

Class and country Maio Value Meio Valo oe aie steois oy ue automo” 

ile industry crea r more 
| jan En Se *-§ errr ve durable electrodes such as resistance 

scrap—Continued spot welding (RSW) electrodes on as- 
United Kingdom SsS=~=~CS 50 100 43 1,011 sembly line welding robots. When spot 
“Ohe 3 - 18 300 welding zinc-coated steel, the coating 
“Teal ze <7 a —s007 melts and brass tends to form on the 

| copper-based electrode surface, thus 
comparable t “ ose of previous y a the Harmonized Tariff System in Jan. 1989, export categories for 1989 are not necessarily affecting integrity and service life. Sim- 

2 Data do not add to total because of independent rounding. ilar affects occur when spot welding 

Source: Bureau of the Census. galvanized steels because of the higher 
. current and longer welding times re- 

, | , quired to weld these metals. Tests con- 
ducted on various compositions of 
RSW electrodes by an Outokumpu | 

TABLE 6 Copper subsidiary, the Nippert Com- | | 
pany, and the Edison Welding Institute 

U.S. IMPORTS FOR CONSUMPTION OF ZIRCONIUM AND HAFNIUM found that copper-zirconium electrodes 

IN 1989, BY CLASS AND COUNTRY’ | showed “superior performance” in the 
conventional electrode life test.2° 

Class and country Metric Value The National Aeronautics and Space 
tons (thousands) | Administration contracted Basic Indus- 

Zirconium ore and concentrates: ? try Research Laboratory of North- 

Australia — | 51,445 $21,149 western University, Evansville, IL, to 
Belgium 18 13 evaluate wear characteristics on coating 
Canada (tstst—<(itsis—sSOOOC CS Wi 24 | materials for eventual use on the main- 

~ Germany, Federal Republicof. 8 51 | 43 engine bearings of the space shuttle. 
“Malaysia. s=S=*=<“‘S”S”S”SOSS 250 263 Among the many materials to be tested. 

South Africa, Republic of 20,832 11,840 | 

United Kingdom 416 569 

Other 73 a’) 

_— Tota 73,196 __ 33,958 _ TABLE 7 
Zirconium, unwrought and waste and scrap: WORLD ANNUAL ZIRC ONIUM 

—_ 0 - MINERAL PRODUCTION 
eS CAPACITY, DECEMBER 31, 1989 

Germany, Federal Republic of 35 352 

Japan sss 57 446 (Thousand metric tons) 

United Kingdom 39 387 a 

US.S.R. 71 | 740 Country capacity’ Other 26 12000 | ——— 
Total 268 2,110 | Austeala 550 

Hafnium, unwrought and waste and scrap: Pat 22 

France 4 806 Chimay 35 

Germany, Federal Republic of (*) 151 Meigg@a - 
: 4 

—_—_e —— South Africa, Republic of? 190 

‘Because of the implementation of the Harmonized Tariff System in Jan. 1989, import categories for 1989 are not necessarily Srilanka 6 

comparable to those of previous years. Thailand 2 

Excluding Australia, Malaysia, and the Republic of South Africa, countries are believed to be point of shipment rather than point of United States 130 

Data may not add to totals shown because of independent rounding. U.S.S.R.*° ; 30 

4 Less than 1/2 unit. Total (rounded) 1,000 

Source: Bureau of the Census. CEetimated. 

' Capacity for the zirconium minerals, zircon, baddeleyite, and 

caldasite. 

2 Includes 500 tons of capacity for caldasite. 

3 Includes 20,000 tons of capacity for baddeleyite. 

1182 ZIRCONIUM AND HAFNIUM MINERALS YEARBOOK—1989



a 

| TABLE 8 | 

ZIRCONIUM MINERAL CONCENTRATES: WORLD PRODUCTION, BY COUNTRY’ 

(Metric tons) 

cn 
Country 1985 - 1986 1987 1988? 1989° 

Australia 501,440 451,824 456,590 480,049 546,000 

Brazil? 21,039 15,116 18,140 r £19,000 : 19,000 

China‘ | 15,000 15,000 15,000 15,000 15,000 

India® 314,800 16,000 ¥ 10,000 F 15,000 16,000 

Malaysia 11,652 12,633 17,828 25,671 19,700 

South Africa, Republic of ° 4 3 160,533 140,000 140,000 150,000 160,000 

Sri Lanka® 34,061 4,000 4,000 4,000 4,000 

Thailand 1,292 1,705 1,532 5,098 5,000 

| US.S.R.° 85,000 85,000 90,000 90,000 90,000 

United States | WwW WwW WwW 117,606 3118,388 

Total 814,817 741,278 753,081 921,424 993,088 

Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data; excluded from “Total.” 

‘Includes data available through May 9, 1990. 
2 Includes production of zircon and caldasite. , 

3 Reported figure. 

‘Includes production of zircon and baddeleyite. 

are zirconium- and hafnium-nitride Sumitomo Metal Industries, Ltd. of OUTLOOK | 

| hard film coatings and nitride alloys of | Japan produced zirconium-manganese ~~ #@#_____—______ 

titanium and zirconium. The coatings | alloys for hydrogen storage. The high- 

were to be developed via a high-rate | frequency melted, coarse alloy powders Exploration and development of 

reactive sputtering process and depos- | absorb and desorb hydrogen between | heavy mineral deposits in recent years 

ited in vacuo within a reactor vessel.2° | 200° C and 300° C and perform effec- | was expected to lead to development of 
A new mill developed by Metprotech, | tively after many cycles. The new alloy | several new zircon mines by the early 

based in the Republic of South Africa, | was reported to work faster and cost | 1990’s. The increase in production from 

for increasing the recovery of gold from | less than lanthanum-nickel alloys.°* planned, new, and expanded operations 

refractory ores was reported to reduce A new zirconia-based thermal bar- | was expected to ease the supply shortages 

the milling time required to mill zircon. | rier coating was developed by Woking, | experienced in the late 1980’s. An in- 

The mill, which has a throughput range | United Kingdom-based Metco Ltd. | crease in world production of about 

of 2 to 4.5 tons per hour, incorporates a | which reportedly outperformed stan- | 100,000 tons, or 10% of current world 

horizontal central arm which stirs both | dard yttria-stabilized zirconia thermal | production, was expected by 1991. The 

feed material and grinding balls within | coatings. Incorporating 24% to 26% | near-term affect on zircon prices will 

a cylindrical drum.*! cerium, 2% to 3% yttria, and the bal- | likely be downward; however, it also was 

The Bureau of Mines sponsored re- | ance zirconia, the coating was claimed | possible that increased availability of 

search which identified a zirconium- | to have more resistance to cyclic ther- | processed materials could create new de- 

nickel compound that may possibly | mal fatigue, less susceptibility to hot | mand pressures and prices could remain 

substitute for the platinum-group met- | corrosion and erosion, lower thermal | high. 

als catalysts currently used in automo- | conductivity, and more predictable per- New uses for zirconia grew dramati- 

bile emission control systems.*7 formance. Standard stabilized zirconia | cally in recent years. Substantial in- 

A new zirconia-alumina ceramic was | coatings (i.e., calcia-, magnesia-, and | creases in consumption of this material 

developed by Diamonite Products of W. | yttria-stabilized) have proven to be ef- | in end products, ranging from scissor 

R. Grace & Co. The flexural strength was | ficient thermal barriers in clean fuel | and knife blades to wear-resistant bear- 

reported to be twice that of 87% alu- | environments; however, fuel contami- | ings and oxygen sensors, are expected 

mina, accompanied by a five-fold in- | nated with chlorine, sodium, sulphur, | in the next few years. Growth of wear- 

crease in wear resistance. These qualities | and/or vanadium adversely affect the | resistant ceramics and composites for 

combined with its resistance to chemical | performance of the coating. The com- | the coming decade have been estimated 

attack made it an ideal candidate for | pany used its own plasma spray process | at 18% to 23%.*° Certain niches of the . 
industrial applications including mineral | to apply hollow, spherical particles to | tungsten cutting tool market have al- 

handling and processing. The ceramic | form the coating. This development | ready been penetrated by ceramics and 

was said to be capable of fabrication by | was related to work initiated by U.S. | ceramic-metal composites, some of 

many different processes.* parent company Perkin-Elmer Corp.*° | which contain zirconia. Stabilized zir- 
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conia thermal barrier coatings are be- | grade zircon has a typical analysis of Placer deposits begin forming when 
coming the mainstay of commercial | 65.5% zirconium dioxide-hafnium.di- | chemical and mechanical weathering lib- 
and military turbine engine compo- | oxide, 0.03% maximum titanium diox- | erates minerals from the source rock. 
nents. The added costs of manufacture | ide, and 0.1% maximum iron oxide. | This is followed by transport of the min- 
are negligible considering the added |; Premium grade zircon has a typical | erals to the sea by water, wind, and 
performance and extended service life. | analysis of 66% minimum zirconium | gravity. Upon reaching the sea, deposits 
A multimillion dollar expansion be- | dioxide-hafnium dioxide, 0.1% maxi- | of economic value form primarily by 

ing implemented by one of the largest | mum titanium dioxide, and 0.05% | hydraulic sorting. Heavy minerals, in- 
zirconium chemical producers fore- | maximum iron oxide. cluding zircon, are concentrated by ma- 
shadowed growth in this area. Zirconium metal for the chemical proc- | rine currents and wave action. Mechani- 

The supply side outlook for zircon is | ess industry is available in three Ameri- | cal sorting by the sea and wind further 
rather encouraging. The demand for | can Society for Testing and Materials | sorts the grains to produce well-sorted 
other heavy minerals, such as ilmenite | (ASTM)-approved grades: R60702 for | beach deposits. 
and rutile to make titanium dioxide | unalloyed zirconium, R60704 for the tin- With distance from the source, zircon 
(white pigment) and metal, is very | iron alloy, and R60705 for the niobium | undergoes varying degrees of rounding, 
strong and expected to remain so. Also, | alloy. Zirconium alloys for the nuclear | but because of its hardness typically re- 
there is no slack in demand foreseen | industry, the compositions of which are | tains an elongate shape with rounded 
regarding the rare earths and hence the | specified, are designated as Zircaloy-2, | edges and high relief. If sufficient source 
source mineral monazite. As these min- | Zircaloy-4, or Zr-2.5 Cb. material exists, an economic heavy min- 
erals are the marketable products of Hafnium metal as produced by the | eral deposit forms. Zircon and other 

_ | most heavy mineral mining operations, | Kroll process is called hafnium sponge | heavy minerals are primarily recovered as 
there appears to be adequate incentive | or “Kroll-process” sponge or metal. | sand ranging in size from very fine to 
for mining companies to fully exploit | After refining by the iodide process, the | coarse. 
existing deposits and to continue with | metal is called crystal bar. 
exploration and development efforts. Technology 

The world reserve base for zircon was | Industry Structure Economic concentrations of zircon are 
conservatively estimated to be about 75 Zirconium ore minerals are sold by | found in association with other heavy 
million metric tons. At the current rate | mine producers directly to processors, | minerals such as ilmenite, rutile, and 
of production this is ample supply for | consumers, and commodity brokers. Pri- | monazite. Heavy mineral sand deposits 
nearly 75 years. | mary ore concentrate of zircon and bad- | are usually mined by floating cutterhead- 

| | | deleyite may be used in certain industrial | or bucketwheel-dredges that handle up to - 
uses with little or no processing, but | 2,800 metric tons of sand per hour. Sand 

BACKGROUND | _ | most applications require additional proc- recovered by these techniques is sent to a 
HH. | essing. Processors grind the concentrates | wet mill and treated by wet-gravity meth- 

. en | ae to specification for certain applications | ods, using spirals, cones, sluices, or jigs, 
Definition, Grades, and Specifications | 9, convert zircon and baddeleyite to re- | to produce a mixed heavy mineral con- 

Zirconium and hafnium are chemi- | fined products such as zirconium metal, | centrate containing zircon. The mixed 
cally similar elements with atomic | hafnium metal, alloys, high-purity zirco- | concentrate typically contains other eco- 
numbers 40 and 72, respectively. Both | nia, and other compounds. Extensive | nomic minerals such as the titanium min- 
elements are classified in the periodic | processing is required to produce ultra- | erals (ilmenite, rutile, and leucoxene) and 
table as members of Group 4b, and | purity powders and nuclear-grade met- | oftentimes smaller amounts of the rare- 
have only one oxidation state, +4, and | als. Processors producing oxide and | earth mineral monazite. In southeast 
have similar ionic radii. Owing to these | metal are often partially integrated, and | Asia, heavy mineral sand deposits con- 
Similar properties, zirconium and | market fabricated and semi-fabricated taining zircon are mined primarily for the 
hafnium are usually found together in | products directly to manufacturers. The | tin minerals cassiterite and stannite. 
nature. worldwide distribution of the mining in- The mixed heavy mineral concentrate 

Zircon purity is commonly measured | dustry is illustrated in figure 1. is scrubbed, dried, and screened, and 
by the combined zirconium dioxide : _ | the individual heavy minerals are sepa- 
(zirconia) and hafnium dioxide (haf- rated by electrostatic, electromagnetic, 
nia) content. Hafnium occurs in zircon | Geology-Resources magnetic, and gravity processes. Zir- 
in a typical ratio of 1 part hafnium to Zircon is acommon accessory mineral | con, in contrast to ilmenite, rutile, and 
50 parts zirconium. Commercially | in igneous rocks. It is frequently found | many other heavy minerals, is noncon- 
available zircon typically grades 64.5% | associated with silicic rocks, including | ductive and can be separated along 
to 66% combined zirconia-hafnia. Zir- | granite, granodiorite, syenite, monzo- | with monazite, by electrostatic meth- 
con grades are similar on a worldwide | nite, and nepheline syenite. Zircon is also | ods. Monazite, which is slightly mag- 
basis, but no standard requirement ex- | found in pegmatites, crystalline lime- | netic and may be slightly higher in 
ists. Standard grade zircon has a typical | stone, and the metamorphic rocks gneiss specific gravity, can be separated from 
analysis Of 65% minimum zirconium | and schist. One occurrence of zircon is | zircon by electromagnets or by addi- 
dioxide-hafnium dioxide, 0.25% maxi- | reported from a meteorite. From an eco- | tional gravity methods. | 
mum titanium dioxide, and 0.12% | nomic viewpoint, sedimentary placer de- To obtain premium grade zircon, the 
maximum iron oxide. Intermediate | posits are the most significant. zircon concentrate from the electrostatic- 
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*° Page 58 of work cited in footnote 30. OTHER SOURCES OF INFORMATION | Other Sources 
*4Japan Material News. Zr-Mn Hydrogen-Storing Encyclopedia of Minerals. | 

_ | Alloy Absorbs, Desorbs at 200-300° C. V. 2, No. 11, | Bureau of Mines Publications Elements of Mineralogy. — 
Now. 1988, P 12. Hafnium. Ch. in Mineral Commodity Manual of Mineralogy. 
Coatines Sphere wa 5. May-June 1988. 03 Ceramic Summaries, annual. CRC Practical Handbook of Physical 

36 American Metal Market. Matrix Composites Win Zirconium. Ch. in Mineral Commodity Properties of Rocks and Minerals. 
Ground. V. 97, No. 154, Aug. 9, 1989, p. 4. Summaries, annual. Science and Technology of Zirconia. 

Hafnium. Ch. in Nonferrous Metal ASTM Manual on Zirconium and 
Prices in the United States through | Hafnium. 

| 1988. CRC Handbook of Chemistry and 
| Zirconium. Ch. in Nonferrous Metal Physics. 

Prices in the United States through ASM Metals Handbook. 
1988. 

Zirconium and Hafnium. Ch. in | 
Mineral Facts and Problems, 1985 ed. 
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