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Foreword

This edition of the Minerals Yearbook discusses the performance of the worldwide minerals and materials
industry during 1993 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 survey methods with a statistical summary of nonfuel minerals, and
a chapter on trends in mining and quarrying in the metals and industrial mineral industries are also included.

Volume II, Area Reports: Domestic, contains chapters on the minerals industry of each of the 50 States, and
Puerto Rico. This volume also has a chapter on survey methods used in data collection, including a statistical
summary of domestic nonfuel minerals.

Volume III, International Review, contains the latest available mineral data on more than 175 foreign countries
and discusses the importance of minerals to the economies of these nations. The reports also incorporate location
maps, industry structure tables, and an outlook section.

The annual international review is presented as five area reports and one world overview: Mineral Industries
of Africa, Mineral Industries of Asia and the Pacific, Mineral Industries of Latin America and Canada, Mineral
Industries of Europe and Central Eurasia, Mineral Industries of the Middle East, and Minerals in the World
Economy. Due to budget constraints detailed mineral trade statistics by country will no longer be included in this
publication. However, in the future abbreviated trade data for the major mineral trading countries will be made
available by electronic or other means. For information on trade statistics call the Chief, Section of International
Data at (202) 501-9700.

The U.S. Bureau of Mines continually strives to improve the value of its publications to users. Constructive
comments and suggestions by readers of the Yearbook are welcomed.
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SURVEY METHODS AND STATISTICAL SUMMARY
OF NONFUEL MINERALS

By Jacqueline A. McClaskey and Stephen D. Smith

Ms. McClaskey, an operations research analyst with 8 years of Government experience, has been with the U.S. Bureau of
Mines Branch of Statistics and Methods Development since 1990.
Mr. Smith, industry data analyst in the Section of Industry Data Analysis and Coordination, was assisted in the preparation
of the Statistical Summary by Imogene P. Bynum, Chief, Section of Metals Data; Maria Arguelles and Christopher Lindsay,
co-chiefs, Section of Industrial Minerals Data; Ivette E. Torres, Chief, Section of International Data; and Raymond L.
Cantrell, physical scientist, Branch of Industrial Minerals.

SURVEY METHODS

The U.S. Bureau of Mines (USBM)
Information and Analysis Directorate
collects worldwide data on virtually every
commercially important nonfuel mineral
commodity. These data form the base
for tracking and assessing the health of
the minerals sector of the U.S. economy.

The USBM’s data collection activity
was instituted by the 47th Congress in an
appropriations act of August 7, 1882 (22
Stat. 329), which placed the collection of
mineral statistics on an annual basis. The
most recent authority for the USBM
survey activity is the National Materials
and Minerals Policy, Research and
Development Act of 1980 (Public Law
96-479, 96th Congress). This act
strengthens protection for proprietary data
provided to the U.S. Department of the
Interior by persons or firms engaged in
any phase of mineral or mineral-material
production or consumption.

Data Collection Surveys

The USBM begins the collection of
domestic nonfuel minerals and materials
statistics by appraising the information
requirements of Government and private
organizations of the United States.
Requirements that can be met by
collecting data from minerals
establishments are posed as questions on
USBM surveys. Figure 1 shows a typical
survey form.

Specific questions about the
production, consumption, shipments, etc.,

of mineral commodities are structured in
the survey forms to provide meaningful
aggregated data. Thus, the entire mineral
economic cycle from production through
consumption is covered by 149 monthly,
quarterly, semiannual, and annual
surveys.

After the survey form has been
designed, a list of the appropriate
establishments to be canvassed is
developed. Many sources are used to
determine which companies, mines,
plants, and other operations should be
included on the survey mailing list.
USBM State Mineral Officers, State
geologists, Federal organizations (e.g.,
Mine Safety and Health Administration),
trade associations, industry representatives,
and trade publications and directories are
some of the sources that are used to
develop and update survey listings. With
few exceptions, a complete canvass of the
list of establishments is employed rather
than a sample survey. The iron and steel
scrap industry is one of the exceptions
where a sample survey is conducted.

The Paperwork Reduction Act requires
that any Government agency wishing to
collect information from 10 or more
individuals or establishments first obtain
approval from the Office of Management
and Budget (OMB). OMB approves the
need to collect the data and protects
industry from unwarranted Government
paperwork.

Survey Processing

The USBM surveys approximately
25,000 establishments. Each year the
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USBM mails about 43,500 forms that
gather information for 149 different
surveys. Each completed survey form
returned to the USBM undergoes
extensive scrutiny to ensure the highest
possible accuracy of the mineral data.
The statistical staff monitors all surveys
to ensure that errors are not created by

| reporting in physical units different from

the units requested on the form.
Relationships between related measures,
such as produced crude ore and
marketable crude ore, are analyzed for
consistency. Engineering relationships,
such as recovery factors from ores and
concentrates, are also employed. The
totals for each form are verified, and
currently reported data are checked
against prior reports to detect possible
errors or omissions.

For the majority of the surveys, which
are automated, the forms are reviewed to
ensure that data are complete and correct
before entering into the computer. The
computer is programmed to conduct a
series of automated checks to verify
mathematical consistency and to identify
discrepancies between the data reported
and logically acceptable responses.

The USBM is modernizing and
automating all of its survey processing
and data dissemination functions.
Automated commodity data system
functions include computerized
preparation of statistical tables; the use of
desktop publishing to integrate text and
tables; and the implementation of a
microcomputer bulletin board, known as
MINES-DATA, for electronic




dissemination of minerals data. Also,
information on minerals and mineral-
related publications is now available
through an easy-to-use automated
facsimile (fax) response system known as
MINES FaxBack.

Survey Responses.—To enable the
reader to better understand the basis on
which the statistics are calculated, each
commodity annual report includes a
section entitled "Domestic Data
Coverage." This section briefly describes
the data sources, the number of
establishments surveyed, the response
percentage, and the method of estimating
the production or consumption for
nonrespondents.

To produce reliable aggregated data,
the USBM employs efficient procedures
for handling instances of nonresponse.
Failure to return the initial survey form
results in a second mailing of the form.
If the second form is not returned,
telephone calls are made to the
nonrespondents.  The followup calls
provide the necessary data to complete
the survey forms and/or verify
questionable data entries. Periodic visits
to important minerals establishments are
also made by USBM commodity
specialists or State Mineral Officers to
gather missing data and to explain the
importance of the establishment’s
reporting. By describing the use of the
published statistics and showing the
impact of nonresponse, the USBM strives
to encourage respondents to give a
complete and accurate reply.

The OMB "Guidelines for Reducing
Reporting Burden" stipulates that the
minimum acceptable response rate shall
be 75% of the panel surveyed. In
addition, the USBM strives for a
minimum reporting level of 75% of the
quantity produced or consumed
(depending on the survey) for certain key
statistics. Response rates are periodically
reviewed. For those surveys not meeting
the minimum reporting level, procedures
are developed and implemented to
improve response rates.

Estimation for Nonresponse.—When

efforts to obtain a response to a survey
fail, it becomes necessary to employ
estimation or imputation techniques to
account for missing data. These
techniques are most effective when the
response rate is relatively high. Some of
the estimation methods depend on
knowledge of prior establishment
reporting, while other techniques rely on
external information to estimate the
missing data. When survey forms are
received after the current publication has
been completed, the forms are edited,
necessary imputations- are made for
missing data, and the survey data base is
updated. The revised data are reported in
later publications.

Protection of Proprietary Data.—The
USBM relies on the cooperation of the
U.S. minerals industry to provide the
mineral data that are presented in this and
other USBM publications. Without a
strong response to survey requests, the
USBM would not be able to present
reliable statistics. The USBM in turn
respects the proprietary nature of the data
received from the individual companies
and establishments. To ensure that
proprietary rights will not be violated, the
USBM analyzes each of the aggregated
statistics to determine if the data reported
by an individual establishment can be
deduced from the aggregated statistics.
If, for example, there are only two
significant producers of a commodity in a
given State, the USBM will not publish
the State total because either producer
could readily estimate the production of
the other. It is this obligation to protect
proprietary information that results in the
"Withheld" or "W" entries in the
published tables. However, if a company
gives permission in writing, the USBM
will publish the data as long as the data
from other respondents are protected
from disclosure.

International Data

International data are collected by
country specialists in the USBM Division
of International Minerals with assistance
from the Section of International Data.
The data are gathered from various

sources, including published reports of
foreign Government mineral and
statistical agencies, international
organizations, the U.S. Department of
State, the United Nations, the
Organization of Petroleum Exporting
Countries, and personal contact by
specialists traveling abroad. Each
February an annual "Minerals
Questionnaire” is sent through the
Department of State to more than 70 U.S.
Embassies asking them to provide
estimates of mineral production for the
host country for the preceding year.
Missing data are estimated by USBM
country specialists based on historical
trends and specialists’ knowledge of
current production capabilities in each
country.

Publications

The USBM disseminates current and
historical minerals information through a
broad range of printed publications.

The Minerals Yearbook summarizes
annually, on a calendar-year basis, the
significant economic and technical
developments in the mineral industries.
Three separate volumes are issued each
year: Volume I, Metals and Minerals;
Volume II, Area Reports, Domestic; and
Volume III, Area Reports, International.
Chapters in Volumel are issued
separately as annual reports before the
bound volume is available. Chapters in
Volume II are issued separately as
Mineral Industry Surveys before the
bound volume is available. Volume III
country reports appear in bound volume
only.

Volume I of the Minerals Yearbook
presents, by mineral commodity, salient
statistics on  production, trade,
consumption, reserves, and other
measures of economic activity.

Volume II of the Minerals Yearbook
reviews the U.S. minerals industry by
State and island possessions.

Volume III of the Minerals Yearbook
contains the latest available mineral data
for the year of review on more than 180
foreign countries and discusses the
importance of minerals to the economies
of these nations. Volume III is presented
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as five area reports and one world
overview: Mineral Industries of Africa,
Mineral Industries of Asia and the
Pacific, Mineral Industries of Latin
America and Canada, Mineral Industries
of Europe and Central Eurasia, Mineral
Industries of the Middle East, and
Minerals in the World Economy.

Mineral Industry Surveys contain
timely statistical and economic data on
minerals. The surveys are designed to
keep Government agencies and the
public, particularly the mineral industry
and the business community, informed of
trends in the production, distribution,
inventories, and consumption of minerals.
Frequency of issue depends on the
demand for current data.  Mineral
Industry Surveys are released monthly,
quarterly, semiannually, or annually.

Mineral Commodity Summaries, an
up-to-date summary of about 80 nonfuel
mineral commodities, is the earliest
Government publication to furnish
estimates covering the previous year’s
nonfuel mineral industry data. It contains
information on the domestic industry
structure, Government programs, tariffs,
S-year salient statistics, and a summary of
international mining news.

State Mineral Summaries provide
estimated data and summaries of mineral
activities at the State level for the
previous year. These summaries have
been prepared in cooperation with State
geological surveys or related agencies.

Metal Industry Indicators, published
monthly, contains indexes that measure
the current and future performance of
four U.S. minerals industries. For each
of the four industries, a composite
coincident index and a composite leading
index have been developed based on
procedures and data similar to those used
to construct the U.S. Department of
Commerce’s coincident and leading
cyclical indicators for the national
economy.

Information Circulars are primarily
concerned with USBM economic reviews
and interpretative analyses. The series
also includes surveys of mining and
operating activities, guides to marketing
of mineral commodities, and compilations
of historical information and statistical

and economic data on minerals.

Order free copies of the Mineral
Industry Surveys or the Metal Industry
Indicators from Publication Distribution,
U.S. Bureau of Mines, Cochrans Mill
Road, P.O. Box 18070, Pittsburgh, PA
15236, (412) 892-4338.

To purchase Annual Commodity
Reports, Minerals Yearbook, Mineral
Commodity Summaries, and State
Mineral Summaries, order from the
Superintendent of Documents, U.S.
Government Printing Office, Washington,
DC 20402, (202) 783-3238.

Information  Circulars, Mineral
Commodity Summaries, and State
Mineral Summaries also may be

purchased from the National Technical
Information Service, Springfield, VA
22161, 1-800-553 NTIS (in Virginia and
foreign countries: 1-703-487-4650).

Electronic Data Dissemination
In addition to the USBM’s printed

publications, current Mineral Industry
Surveys for all commodities and 85

annual reports from the Minerals
Yearbook are now available through the
USBM’s MINES-DATA computer

bulletin board. Using this system, the
public may obtain information up to 4
weeks before published copies of the
reports would arrive in the mail. The
MINES-DATA system may be accessed
by calling (202) 501-0373 using a modem
set to 1200 or 2400 baud, 8 data bits, no
parity, and 1 stop bit. Further
information on how to use the MINES-
DATA system may be obtained from the
system operator by calling (202) 501-
0406.

Also, current information on minerals
and mineral-related publications from the
USBM is now available through an easy-
to-use automated fax response system.
The MINES FaxBack service allows
callers to retrieve information and order
some publications for delivery to their fax
machines in minutes, 24 hours per day, 7
days per week. MINES FaxBack makes
monthly and quarterly Mineral Industry
Surveys publications available to the
public at the same time they are
forwarded to the printer.
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MINES FaxBack works from any
Group Ill-compatible fax machine
equipped with a touch-tone telephone
(either a built-in handset with touch-tone
capability or a separate touch-tone
telephone plugged into the fax machine’s
phone jack).  After calling MINES
FaxBack, the requestor is guided by a
series of voice messages that assist the
caller in ordering the desired documents.
The caller pays for the phone call that
also includes the time needed to deliver
the requested document to the caller’s fax
machine.

To access the MINES FaxBack
System, use a touch-tone handset attached
to a fax machine or connect a touch-tone
telephone to the fax machine’s telephone
jack and dial (202) 219-3644. Listen to
the menu options and select an option
using the touch-tone telephone. After
completing a selection, press the start
button on the fax machine.

STATISTICAL SUMMARY

This annual report summarizes data on
crude nonfuel mineral production for the
United States, its island possessions, and
the Commonwealth of Puerto Rico. Also
included are tables that show the principal
nonfuel mineral commodities exported
from and imported into the United States
and that compare world and U.S. mineral
production. The detailed data from
which these tables were derived are
contained in the individual annual reports
of Volume I and in the State reports of
Volume II of this edition of the Minerals
Yearbook.

Although crude mineral production
may be measured at any of several stages
of extraction and processing, the stage of
measurement used in this annual report is
what is termed "mine output.” It usually
refers to minerals or ores in the form in
which they are first extracted from the
ground, but customarily includes the
output from auxiliary processing at or
near the mines.

Because of inadequacies in the
statistics available, some series deviate
from the foregoing definition. For
copper, gold, lead, silver, tin, and zinc,
the quantities are recorded on a mine




basis (as the recoverable content of ore
sold or treated). However, the values
assigned to these quantities are based on
the average selling price of refined metal,
not the mine value. Mercury is measured
as

recovered metal and valued at the average
New York price for the metal.

The weight or volume units shown are
those customarily used in the particular

TABLE 1

industries producing the commodities.
Values shown are in current dollars, with
no adjustments made to compensate for
changes in the purchasing power of the
dollar.

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES

1991 1992 1993
Mineral . Value . Value . Valu
Quantity (thouaslands) Quantity (thousands) Quantity (tho:sla:ds)
METALS

Beryllium concentrates metric tons 4,339 $S° 4,826 $5 4,939 $s
Copper® do. 1,631,078 3,931,305 1,764,756 4,178,942 1,801,382 3,636,188
Gold? kilograms 295,957 3,456,786 330,212 3,662,390 331,013 3,840,876
Iron ore (usable) thousand metric tons 56,775 1,674,100 55,569 1,732,416 56,251 1,642,842
Iron oxide pigments (crude) metric tons 40,220 4,485 39,272 4,669 35,842 5,021
Lead® do. 465,931 343,948 397,076 307,337 355,185 248,540
Magnesium metal do. 131,288 336,577 136,947 359,534 132,144 377,287
Mercury do. 58 206 64 376 w w
Molybdenum? do. 53,607 249,909 49,554 208,657 39,208 165,096
Nickel ore* do. 5,523 NA 6,671 w 2,464 w
Palladium kilograms 6,050 16,923 6,470 18,097 6,500 25,287
Platinum do. 1,730 20,635 1,840 21,060 1,800 21,412
Silver? metric tons 1,855 240,908 1,804 228,563 1,645 227,378
Zinc? do. 517,804 602,426 523,430 673,686 488,283 496,795

Combined value of antimony, bauxite, manganiferous
ore (5% to 35%), rare-earth metal concentrates, tin,
titanium concentrates (ilmenite and rutile), tungsten,
vanadium, zircon concentrates, and values indicated

by symbol W XX 143,298 XX 151,091 XX 130,199
Total® XX 11,022,000 XX 11,547,000 XX 10,817,000
INDUSTRIAL MINERALS (EXCLUDING FUELS)
Abrasives® metric tons 2,205 161 1,732 239 528 330
Asbestos do. w w 15,573 6,138 13,404 5,957
Barite thousand metric tons 448 21,310 326 19,633 315 19,265
Boron minerals (B,0;) metric tons 1,240,158 442,531 1,008,889 338,700 1,054,615 372,839
Bromine® do. 170,000 167,000 171,000 170,000 177,000 123,000
Cement:
Masonry thousand metric tons 2,392 °187,679 2,658 195,000 2,962 228,893
Portland do. %62,344 3,343,223 66,058 3,500,150 71,570 3,915,736
Clays do. 44,092 1,505,088 40,712 1,481,893 41,074 1,487,474
Diatomite metric tons 609,652 139,857 595,122 141,097 598,931 150,133
Feldspar do. 580,000 26,000 726,000 28,500 770,000 731,400
Garnet (abrasive) do. 50,860 7,534 54,139 4,842 w w
Gemstones NA 84,386 NA 66,195 NA 57,681
Gypsum (crude) thousand metric tons 14,021 94,199 14,759 100,583 15,812 106,539

See footnotes at end of table.
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TABLE 1—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES

1991 1992 1993
Mineral Vi
Quantity (tho:sl::ds) Quantity (th(‘:sl::ds) Quantity (mr:sl::ds)
INDUSTRIAL MINERALS
(EXCLUDING FUELS)—Continued
Helium:
Crude million cubic meters w w w w 29 $25,763
Grade-A do. 88 $174,706 94 $187,179 96 189,492
Iodine metric tons 1,999 31,389 1,995 20,877 1,935 15,443
Lime thousand metric tons 15,667 890,482 16,199 949,674 16,932 977,079
Mica (scrap) do. 103 5,542 85 4,638 88 4,453
Peat do. 705 17,887 652 16,747 612 16,841
Perlite metric tons 514,047 15,086 541,164 16,368 568,581 17,425
Phosphate rock thousand metric tons 48,096 1,030,913 46,965 1,058,393 35,494 758,983
Potash (K,O equivalent) do. 1,709 304,500 1,767 334,407 1,636 286,002
Pumice metric tons 401,376 9,190 480,855 14,903 469,030 12,045
Salt thousand metric tons 35,902 801,507 34,784 802,563 38,665 892,979
Sand and gravel:
Construction do. 828,713 °$3,267,500 833,975 $3,341,300 868,700  °$3,530,100
Industrial do. 23,224 390,477 25,195 *434,474 26,220 454,431
Sodium compounds:
Soda ash do. 9,005 835,577 9,379 836,431 8,959 734,157
Sodium sulfate (natural) do. 354 30,903 337 26,262 w w
Stone:®
Crushed do. 1,000,514 5,186,821 °1,053,695 5,593,700 1,116,000 5,915,500
Dimension metric tons 1,152,343 209,611 °980,604 180,942 1,231,864 215,574
Sulfur (Frasch) thousand metric tons 3,119 271,598 2,600 158,727 1,904 100,664
Tripoli metric tons 88,642 3,27 84,924 3,256 93,988 4,093
Vermiculite do. 167,923 13,410 190,052 15,062 187,121 14,869
Zeolites do. NA NA w NA 41,002 NA
Combined value of aplite,” brucite, calcium chloride
[natural® (1991-92)], emery, fluorspar, greensand
marl, kyanite, lithium minerals, magnesite,
magnesium compounds, olivine, pyrites, staurolite,
wollastonite, and values indicated by symbol W XX 571,075 XX 524,763 XX 429,702
Total® XX 20,080,000 XX 20,574,000 XX 21,095,000
Grand total® XX 31,102,000 XX 32,121,000 XX 31,912,000

°Estimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included with "Combined value" data. XX Not
applicable.

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

2Recoverable content of ores, etc.

*Content of ore and concentrate.

“The Riddle nickel smelter uses lateritic ore mined on Nickel Mountain, lateritic ore imported from New Caledonia, and small tonnages of recycled
Ni-bearing catalysts. In 1989, the Glenbrook Nickel Co. purchased the idled mining and smelting complex and restarted the operation. Production of
ferronickel on a contained Ni basis has been as follows: 1991—7,065 metric tons (mt) valued at $57.6 million; 1992—8,962 mt valued at $62.7 million; and
1993—4,878 mt valued at $28.0 million.

SRounded.

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

"Beginning in 1992; aplite is combined with feldspar.

*Excludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table.

°Canvassing discontinued beginning 1993.
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TABLE 2

TOTAL U.S. NONRENEWABLE ORGANIC MATERIALS PRODUCTION,

BY QUANTITY AND VALUE!

(Million metric tons, unless otherwise specified)

1991 1992° 1993¢
Catego
it Quantity (rr:l‘:::s) Quantity (n:i,l::::s) Quantity (n:;:z:s)

Asphalt and road oil 25.85 $2,979 25.28 $2,798 27.18 $2,693
Lubricants, waxes, and miscellaneous products f13.42 1,748 12.43 1,534 12.67 1,373
Petrochemical industries '64.03 7,470 66.61 7,540 66.00 6,824
Petroleum coke and coal 8.77 754 12.71 1,113 12.89 986

Total 112.07 12,951 117.03 12,986 118.74 11,877
PPreliminary. "Revised.
1Quantities valued at the fossil fuel prices given in the Department of Energy, Energy Information Administration, Annual Energy Review 1992, June 1993, p. 71.
Note: Nonrenewable organic materials rep t all nonfuel uses in physical structure applications. The petrochemical industries category includes feedstocks for the prod of

lastics, syntheti

) 4

bber, synthetic fibers, pesticides, coatings, solvents, fertilizers, and other petrochemicals.

TABLE 3
NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND
PRINCIPAL PRODUCING STATES IN 1993

Principal producing States,

Mineral in order of quantity Other producing States

Abrasives' AR, WI, OH

Antimony? ID

Asbestos CA and VT

Barite GA, NV, MO, MT IL.

Bauxite AL and GA

Beryllium concentrate uT

Boron minerals CA

Bromine® AR

Brucite NV

Calcium chloride (natural) ®

Cement:

Masonry FL, IN, AL, PA All other States except AK, CT, DE, IL, LA, MA,
MN, MS, MT, NV, NH, NJ, NC, ND, OR, RI,
VT, WI, WY.
Portland CA, TX, MI, PA All other States except AK, CT, DE, LA, MA, MN,

NM, NJ, NC, ND, RI, VT, WL

Clays GA, AL, WY, NC All other States except AK, DE, HI, RI, VT, WL

Copper® AZ, UT, NM, MI CO, ID, IL, MO, MT, NV, OR, TN, and WL

Diatomite CA, NV, WA, OR

Emery NY and OR

Feldspar NC, VA, CA, OK GA, ID, SD.

Fluorspar IL, TX, NV

Garnet (abrasive) NY and ID

Gemstones (natural)* TN, ME, AZ, AR All other States.

Gold? NV, CA, UT, SD AK, AZ, CO, ID, MT, NM, SC, WA, WL

Greensand marl NJ

See footnotes at end of table.
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TABLE 3—Continued

NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND
PRINCIPAL PRODUCING STATES IN 1993

Mineral

Principal producing States,
in order of quantity

Other producing States

Gypsum (crude)

OK, MI, IA, TX

AR, AZ, CA, CO, IN, KS, LA, NM, NV, NY, OH,
SD, UT, VA, WY.

Helium (crude and Grade-A)

KS, WY, TX, CO

Iodine

OK

Iron ore (usable)®

MN, M], MO, UT

CA, MI, MO, MT, NM, SD, TX.

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

Kyanite VA

Lead® MO, AK, ID, MT CO, IL, NY, TN, WA,

Lime TX, OH, MO, PA All other States except AK, CT, DE, FL, GA, HI,

KS, ME, MD, MS, NH, NJ, NM, NY, NC, Rl,
SC, VT.

SURVEY METHODS STATISTICAL SUMMARY OF NONFUEL MINERALS—1993

Lithium minerals NC and NV
Magnesite NV
Magnesium compounds MI, CA, DE, UT FL and TX.
Magnesium metal TX, UT, WA
Manganiferous ore sC
Mercury NV, UT, CA
Mica (scrap) NC, NM, GA, SC SD.
Molybdenum AZ, CO, UT, MT NM.
Nickel ore OR
Olivine WA and NC
Palladium metal MT
Peat MI, FL, MN, IL CO, IA, IN, MA, ME, MT, NC, ND, NJ, NY, OH,
PA, SC, WA, WI, WV,
Perlite NM, AZ, CA, NV CoO.
Phosphate rock FL, NC, ID, UT MT.
Platinum metal MT
Potash NM, UT, CA, MI
Pumice CA, OR, AZ, N\M ID and KS.
Pyrites (ore and concentrate) AZ
Rare-earth metal concentrates CA and FL
Salt NY, OH, LA, MI AL, AZ, CA, KS, NM, NV, OK, TX, UT, WV.
Sand and gravel:
Construction CA, OH, TX, NY All other States.
Industrial IL, CA, WI, NJ All other States except AK, DE, HI, KY, ME, NH,
NM, OR, SD, UT, VT, WY.
Silver? NV, AZ, ID, UT AK, CA, CO, IL, MI, MO, MT, NM, NY, SC, SD,
TN, WA, WI.
Sodium compounds:
Soda ash WY and CA
Sodium sulfate (natural) CA, TX, UT
Staurolite FL
Stone:
Crushed PA, IL, FL, NC All other States except DE.
Dimension VT, IN, MA, GA All other States except AK, DE, FL, HI, , LA,
MS, NE, NV, NJ, ND, OR, RI, WV, WY.
See footnotes at end of table.




TABLE 3—Continued
NONFUEL MINERALS PRODUCED IN THE UNITED STATES AND
PRINCIPAL PRODUCING STATES IN 1993

Principal producing States,

Mineral in order of quantity Other producing States
Sulfur (Frasch) TX and LA
Talc and pyrophyllite MT, NY, TX, VT AR, CA, NC, OR, VA,
Tin AK
Titanium concentrates FL and CA
Tripoli IL, WI, AR, OK PA.
Tungsten® CA
Vanadium? ID
Vermiculite (crude) SC and VA
Wollastonite NY
Zeolites TX, NM, OR, AZ ID.
Zinc? AK, TN, NY, MO CO, ID, IL, MT, WA.
Zircon concentrates FL

“Estimated.
Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
Content of ores, etc.

3Canvassing discontinued.

“Principal producing States based on value.

No production reported.

‘Includes byproduct material.

TABLE 4
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES
AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 1993
State (th(Y:sl::ds) Rank l:;'r;f':: ::’ Principal minerals, in order of value

Alabama $561,776 18 1.76 Cement (portland), stone (crushed and broken),
lime, sand and gravel (construction).

Alaska 377,616 29 1.18 Zinc, sand and gravel (construction), gold, lead.

Arizona 2,775,840 2 8.70 Copper, sand and gravel (construction), cement
(portland), molybdenum.

Arkansas 347,081 30 1.09 Bromine, stone (crushed and broken), sand and
gravel (construction), cement (portland).

California 2,440,234 3 7.65 Sand and gravel (construction), gold, boron.

Colorado 399,485 25 1.25 Sand and gravel (construction), cement (portland),
stone (crushed and broken), gold.

Connecticut 90,676 44 28 Stone (crushed and broken), sand and gravel
(construction), sand and gravel (industrial), clays.

Delaware! 10,301 50 .03 Sand and gravel (construction), magnesium
compounds, gemstones.

Florida 1,310,623 8 4.11 Phosphate rock, stone (crushed and broken), cement
(portland), sand and gravel (construction).

Georgia 1,431,718 6 4.49 Clays, stone (crushed and broken), cement

—_— (portland), barite.

Hawaii 138,704 41 43 Stone (crushed and broken), cement (portland), sand
and gravel (construction), cement (masonry).

Idaho 274,210 35 .86 Phosphate rock, sand and gravel (construction),

gold, silver.

See footnotes at end of table.
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TABLE 4—Continued

VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES
AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 1993

Value Percent of s . .
State (thousands) Rank U.S. total Principal minerals, in order of value

Illinois $734,305 16 2.30 Stone (crushed and broken), sand and gravel
(construction), cement (portland), sand and gravel
(industrial).

Indiana 472,994 22 1.48 Stone (crushed and broken), cement (portland), sand
and gravel (construction), lime.

Towa 397,526 26 1.25 Stone (crushed and broken), cement (portland), sand
and gravel (construction), gypsum.

Kansas 442,112 24 1.39 Helium (Grade-A), salt, stone (crushed and broken),
cement (portland).

Kentucky 387,503 28 1.21 Stone (crushed and broken), lime, cement (portland),
sand and gravel (construction).

Louisiana 231,609 37 73 Salt, sand and gravel (construction), sulfur (Frasch),
sand and gravel (industrial).

Maine 60,128 45 .19 Sand and gravel (construction), cement (portland),
stone (crushed and broken), gemstones.

Maryland 313,519 32 .98 Stone (crushed and broken), cement (portland), sand
and gravel (construction), cement (masonry).

Massachusetts 160,212 39 .50 Stone (crushed and broken), sand and gravel
(construction), stone (dimension), lime.

Michigan 1,504,245 4 4.71 Iron ore (usable), cement (portland), sand and gravel
(construction), magnesium compounds.

Minnesota 1,298,724 9 4.07 Iron ore (usable), sand and gravel (construction),
stone (crushed and broken), sand and gravel
(industrial).

Mississippi' 103,651 43 32 Sand and gravel (construction), clays, cement
(portland), stone (crushed and broken).

Missouri 855,424 12 2.68 Stone (crushed and broken), cement (portland), lead,
lime.

Montana 484,030 21 1.52 Gold, copper, cement (portland), sand and gravel
(construction).

Nebraska 126,176 42 .40 Cement (portland), sand and gravel (construction),
stone (crushed and broken), lime.

Nevada 2,828,551 1 8.86 Gold, sand and gravel (construction), silver,
diatomite.

New Hampshire 37,193 47 12 Sand and gravel (construction), stone (dimension),
stone (crushed and broken), clays.

New Jersey 262,347 36 .82 Stone (crushed and broken), sand and gravel
(construction), sand and gravel (industrial), clays.

New Mexico 804,049 15 2.52 Copper, potash, sand and gravel (construction),
cement (portland).

New York 851,507 13 2.67 Stone (crushed and broken), salt, sand and gravel
(construction), cement (portland).

North Carolina 617,390 17 1.93 Stone (crushed and broken), phosphate rock,
lithium minerals, sand and gravel (construction).

North Dakota 25,043 48 .08 Sand and gravel (construction), lime, sand and
gravel (industrial), clays.

Ohio 850,634 14 2.67 Stone (crushed and broken), sand and gravel
(construction), salt, lime.

Oklahoma 298,339 34 .93 Stone (crushed and broken), cement (portiand), sand
and gravel (construction), sand and gravel
(industrial).

Oregon 226,108 38 1 Stone (crushed and broken), sand and gravel

(construction), cement (portland), diatomite.

See footnotes at end of table.
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TABLE 4—Continued
VALUE OF NONFUEL MINERAL PRODUCTION IN THE UNITED STATES
AND PRINCIPAL NONFUEL MINERALS PRODUCED IN 1993

State (mz:::: ds) Rank l:;f;?‘&:: Principal minerals, in order of value

Pennsylvania $913,162 10 2.86 Stone (crushed and broken), cement (portland), lime,
sand and gravel (construction).

Rhode Island! 23,152 49 .07 Sand and gravel (construction), stone (crushed and
broken), sand and gravel (industrial), gemstones.

South Carolina 391,047 27 1.23 Stone (crushed and broken), cement (portland), gold,

S clays.

South Dakota 337,156 31 1.06 Gold, cement (portland), sand and gravel
(construction), stone (crushed and broken).

Tennessee 509,665 19 1.60 Stone (crushed and broken), zinc, cement (portland),
sand and gravel (construction).

Texas 1,448,113 5 4.54 Cement (portland), stone (crushed and broken), sand
and gravel (construction), magnesium metal.

Utah 1,313,537 7 4.12 Copper, gold, magnesium metal, cement (portland).

Vermont! 52,706 46 17 Stone (dimension), stone (crushed and broken),
sand and gravel (construction), talc and
pyrophyllite.

Virginia 464,747 23 1.46 Stone (crushed and broken), cement (portland), sand
and gravel (construction), lime.

Washington 505,193 20 1.58 Sand and gravel (construction), magnesium metal,
gold, stone (crushed and broken).

West Virginia 149,452 40 47 Stone (crushed and broken), cement (portland), sand
and gravel (construction), salt.

Wisconsin 313,312 33 .98 Stone (crushed and broken), sand and gravel
(construction), copper, sand and gravel
(industrial).

Wyoming 856,485 11 2.68 Soda ash, clays, helium (Grade-A), cement
(portland).

Undistributed 102,530 - 32

Total 31,912,000 XX 100.00

XX Not applicable.

1Partial total, excludes values that must be concealed to avoid disclosing company proprietary data. Concealed values included with "Undistributed” figure.

2Rounded.
TABLE §
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE MILE IN 1993,
BY STATE
Area . Total i i
State (aquacs (l::g::::::) value Per square mile Per capita

miles) (thousands) Dollars Rank Dollars Rank
Alabama 51,705 4,136 $561,776 10,865 25 136 17
Alaska 591,004 587 377,616 639 49 643 5
Arizona 114,000 3,832 2,775,840 24,349 5 724
Arkansas 53,187 2,399 347,081 6,526 31 145 15
California 158,706 30,867 2,440,234 15,376 17 79 31
Colorado 104,091 3,470 399,485 3,838 42 115 19
Connecticut 5,018 3,281 90,676 18,070 13 28 47
Delaware 2,044 689 110,301 5,040 37 15 50
Florida 58,664 13,488 1,310,632 22,341 7 97 24
Georgia 58,910 6,751 1,431,718 24,303 6 212 11
Hawaii 6,471 1,160 138,704 21,435 8 120 18
Idaho 83,564 1,067 274,210 3,281 44 257 10

See footnotes at end of table.
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TABLE 5—Continued
VALUE OF NONFUEL MINERAL PRODUCTION PER CAPITA AND PER SQUARE MILE IN 1993,

BY STATE
s Area Population Total Per square mile Per capita
tate (square value
miles) (thousands) (thousands) - Dollars Rank Dollars Rank

Illinois 56,345 11,631 $734,305 13,032 19 63 38
Indiana 36,185 5,662 472,994 13,072 18 84 28
Iowa 56,275 2,812 397,526 7,064 29 141 16
Kansas 82,277 2,523 442,112 5,373 36 175 12
Kentucky 40,409 3,755 387,503 9,590 26 103 21
Louisiana 47,751 4,267 231,609 4,850 38 54 40
Maine 33,265 1,235 60,128 1,808 47 49 41
Maryland 10,460 4,908 313,519 29,973 2 64 37
Massachusetts 8,284 5,998 160,212 19,340 11 27 48
Michigan 58,527 9,437 1,504,245 25,702 3 159 14
Minnesota 84,402 4,480 1,298,724 15,387 16 290 9
Mississippi 47,689 2,614 103,651 2,173 45 40 42
Missouri 69,697 5,193 855,424 12,273 21 165 13
Montana 147,046 824 484,030 3,292 43 587 6
Nebraska 77,355 1,606 126,176 1,631 48 79 32
Nevada 110,561 1,327 2,828,551 25,584 4 2,132 1
New Hampshire 9,279 1,111 37,193 4,008 41 33 46
New Jersey 7,787 7,789 262,347 33,690 1 34 45
New Mexico 121,593 1,581 804,049 6,613 30 509 7
New York 49,107 18,119 851,507 17,340 14 47 43
North Carolina 52,669 6,843 617,390 11,722 23 90 27
North Dakota 70,703 636 25,043 354 50 39 44
Ohio 41,330 11,016 850,634 20,582 9 77 33
Oklahoma 69,956 3,212 298,339 4,265 40 93 25
Oregon 97,073 2,977 226,108 2,329 46 76 35
Pennsylvania 45,308 12,009 913,162 20,155 10 76 34
Rhode Island 1,212 1,005 123,152 19,102 12 23 49
South Carolina 31,113 3,603 391,047 12,569 20 109 20
South Dakota 77,116 711 337,156 4,372 39 474 8
Tennessee 42,144 5,024 509,665 12,093 22 101 22
Texas 266,807 17,656 1,448,113 5,428 35 82 30
Utah 84,899 1,813 1,313,537 15,472 15 725 3
Vermont 9,614 570 152,706 5,482 34 92 26
Virginia 40,767 6,377 464,747 11,400 24 73 36
‘Washington 68,138 5,136 505,193 7,414 28 98 23
West Virginia 24,231 1,812 149,452 6,168 32 82 29
Wisconsin 56,153 5,007 313,312 5,580 33 63 39
Wyoming 97,809 466 856,485 8,757 27 1,838 2
Undistributed XX XX 102,530 XX XX XX XX

TotaF or average 3,618,700 254,472 31,912,000 8,819 XX 125 XX
XX Not applicable.
'Partial total, excludes values that must be concealed to avoid disclosing company proprietary data. C led values included with "Undistributed" figure.
?Excludes Washington, DC (which has no mineral production), with an area of 69 square miles and a population of 589,000.
SRounded.
Sources: U.S. Bureau of Mines and Bureau of the Census.
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TABLE 6

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1991 1992 1993
Miner! Quantity (mz::::ds) Quantity (thz::::ds) Quantity (mz::::ds)
ALABAMA
Cement:
Masonry thousand metric tons 216 °$14,042 193 $11,105 277 $21,908
Portland do. 3,572 °181,102 3,721 180,763 3,748 190,770
Clays® do. 2,124 22,103 2,381 20,914 2,492 23,195
Lime do. 1,370 75,506 1,454 82,619 1,625 89,457
Sand and gravel:
Construction do. 11,521 45,700 11,153 42,038 °10,300 39,100
Industrial do. 482 6,133 605 6,768 559 6,802
Stone: .
Crushed® do. 27,057 173,864 25,945 175,600 28,863 175,607
Dimension metric tons 8,665 2,449 w w w w
Combined value of bauxite, clays [bentonite, kaolin
(1991-92)], gemstones, salt, stone [crushed dolomite
and granite (1991-92)}, talc and pyrophyllite (1991),
and values indicated by symbol W XX 31,037 XX 22,907 XX 14,937
Total XX 551,936 XX 542,714 XX 561,776
ALASKA
Gemstones NA 5 NA 10 NA 10
Gold* kilograms 3,200 37,376 5,003 55,492 2,777 32,223
Sand and gravel (construction) thousand metric tons 12,701 39,200 13,613 43,335 °13,100 *42,600
Stone (crushed)® do. 1,011 74,788 2,722 °13,400 2,425 11,294
Combined value of cement [portland (1991-92)], lead,
silver, stone [crushed sandstone (1992-93)], tin, and zinc XX 412,840 XX 413,875 XX 291,489
Total XX 494,209 XX 526,112 XX 377,616
ARIZONA
Clays thousand metric tons 228 3,830 2102 2463 297 2451
Copper* ) metric tons 1,024,066 2,468,255 1,152,878 72,730,015 1,158,759 2,339,018
Gemstones NA 3,173 NA 5,416 NA 5,626
Gold* kilograms 6,195 72,362 6,656 73,818 2,711 31,459
Iron oxide pigments (crude) metric tons 18 22 77 62 71 62
Sand and gravel (construction) thousand metric tons 20,412 79,400 30,701 123,517 35,000 138,300
Silver* metric tons 148 19,212 165 20,873 200 27,684
Stone (crushed) thousand metric tons 6,405 32,842 4,990 26,300 6,430 36,823
Combined value of cement, clays [bentonite (1992-93)],
gypsum, iron ore [usable (1991)], lead (1991-92), lime,
molybdenum, perlite, pumice, pyrites, salt, sand and gravel
(industrial), stone (dimension), and tin (1992) XX 198,230 XX 184,337 XX 196,417
Total XX 2,877,326 XX 3,164,801 XX 2,775,840
ARKANSAS
Abrasives® metric tons w 154 w w w w
Bromine*® - thousand kilograms 170,000 167,000 171,000 170,000 177,000 123,000
Clays? thousand metric tons 857 8,048 837 2,972 1,026 2,357
Gemstones NA 1,846 NA 1,493 NA 5,532
Sand and gravel:
Construction thousand metric tons 7,530 31,100 9,896 39,627 °10,100 40,900
Industrial do. 677 7,738 806 10,458 642 7,597

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
M Quantity (thc‘)l:sl::ds) Quantity (mz:s]:;ds) Quantity (th(\):s]::ds)
ARKANSAS—Continued
Stone (crushed)® thousand metric tons 120,084 *$101,428 22,861 °$118,900 21,706 $102,555
Combined value of cement, clays [fire, kaolin (1992-93)],
gypsum, lime, stone [crushed dolomite and quartzite
(1993), crushed dolomite and traprock (1991-92),
dimension], talc and pyrophyllite (1993), tripoli, and values
indicated by symbol W XX 43,676 XX 60,372 XX 65,140
Total XX 360,990 XX 403,822 XX 347,081
CALIFORNIA
Asbestos metric tons w w 10,998 4,452 10,043 4,426
Boron minerals’ do. 1,240,158 442,531 1,008,889 338,700 1,054,615 372,839
Cement (portland) thousand metric tons 7,894 °522,120 7,289 428,016 8,511 468,349
Clays? do. 2,075 27,464 1,906 26,173 1,961 26,482
Gemstones NA 10,450 NA 9,916 NA 673
Gold* kilograms 30,404 355,125 33,335 369,723 35,763 414,977
Lime thousand metric tons 279 20,389 254 18,072 193 14,751
Mercury metric tons V) 1 © @) A w
Pumice do. 61,237 4,372 w w w w
Rare-earth metal concentrates do. 16,465 w 20,699 w 17,754 w
Sand and gravel:
Construction thousand metric tons 92,442 489,100 102,410 522,108 °96,300 475,700
Industrial do. 1,909 41,690 1,915 42,512 1,797 41,668
Silver* metric tons w w 18 2,259 14 2,002
Stone:
Crushed thousand metric tons 41,546 216,052 37,013 °198,300 38,167 294,740
Dimension metric tons 40,603 5,254 21,130 °4,148 29,082 6,299
Combined value of calcium chloride’ (1991-92), cement
(masonry), clays (fuller’s earth), copper (1991), diatomite,
feldspar, gypsum, iron ore (usable), magnesium
compounds, mica (1991), molybdenum (1991-92), perlite,
potash, salt, silver (1991), soda ash, sodium sulfate, talc
and pyrophyllite, titanium (ilmenite), tungsten, and values
indicated by symbol W XX 403,592 XX 402,975 D.0.¢ 362,328
Total XX 72,538,140 XX 22,367,354 XX 2,440,234
COLORADO
Clays thousand metric tons 2264 21,964 242 21,796 281 2,158
Gemstones NA 287 NA 225 NA 258
Gold* kilograms 3,181 37,154 3,763 41,741 w w
Peat thousand metric tons w 396 w 333 w w
Sand and gravel (construction) do. 23,950 88,200 26,721 105,281 29,000 117,500
Silver* metric tons 20 2,565 w w w w
Stone:
Crushed thousand metric tons 7,621 41,022 10,886 *60,400 10,338 61,950
Dimension metric tons w w 5,855 252 4,315 1,374
Combined value of cement, clays [bentonite (1991), fire
(1992)}, copper, gypsum, helium, lead, lime, molybdenum,
perlite, sand and gravel (industrial), stone [dimension
(1991)], zinc, and values indicated by symbol W XX 166,817 XX 174,761 XX 216,245
Total XX 338,405 XX 384,789 XX 399,485
See footnotes at end of table.
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TABLE 6—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

14

1991 1992 1993
Mineral . Valu . .
Quantity (lhouasla:ds) Quantity (mz::::ds) Quantity (mz::::ds)
CONNECTICUT
Gemstones NA $62 NA $s NA $5
Sand and gravel (construction) thousand metric tons *4,899 24,800 5,466 30,107 6,400 *34,900
Stone:
Crushed® do. 5,328 52,701 5,352 54,500 4,599 39,525
Dimension metric tons 15,009 1,739 w w w w
Combined value of clays (common), feldspar (1991), mica
[scrap (1991)], [1990-91]), sand and gravel (industrial),
stone (crushed dolomite and other), and values indicated by
symbol W XX 11,531 XX 13,451 XX 16,246
Total XX 90,833 XX 98,063 XX 90,676
DELAWARE
Gemstones NA 1 NA 1 NA 1
Sand and gravel (construction) thousand metric tons 1,451 5,100 2,257 8,574 2,500 *10,300
Total® XX 5,101 XX 8,575 XX 10,301
FLORIDA
Cement:
Masonry thousand metric tons ‘194 °13,482 310 22,424 351 27,264
Portland do. 2,742 °142,081 2,898 161,969 4,195 210,762
Clays* do. 363 39,150 367 37,201 407 52,699
Gemstones NA 6 NA 1 NA w
Peat thousand metric tons 221 3,991 191 3,158 219 3,781
Sand and gravel:
Construction do. °14,515 51,400 21,107 66,141 22,800 73,100
Industrial do. 500 5,989 433 5,167 504 5,911
Stone (crushed)® do. 55,005 264,847 53,796 266,900 64,926 313,270
Combined value of clays (common), magnesium compounds,
phosphate rock, rare-earth metal concentrates, staurolite,
stone [crushed dolomite and limestone (1993), crushed marl
(1991-92)], titanium concentrates (ilmenite and rutile),
zircon concentrates, and value indicated by symbol W XX 879,164 XX 876,799 XX 623,845
Total XX 1,400,110 XX 1,439,760 XX 1,310,632
GEORGIA
Clays thousand metric tons 9,518 949,737 28,962 2970,905 29,759 2995,013
Gem stones NA 10 NA 645 NA 51
Sand and gravel:
Construction thousand metric tons 4,264 *14,500 4,409 15,581 *4,600 *16,600
Industrial do. w w 533 8,783 491 7,941
Stone:
Crushed do. 37,502 £3222,901 339,916 *2244,200 49,353 292,144
Dimension® metric tons 196,803 21,282 °144,327 13,138 176,291 18,746
Combined value of barite, bauxite, cement, clays [fire
(1992-93)], felspar, iron oxide pigments (crude), mica
(scrap), stone [crushed marl, marble and miscellaneous
(1991-92), dimension marble], and value indicated by
symbol W XX 97,116 XX 93,002 XX 101,223
Total XX 1,305,546 XX 1,346,254 XX 1,431,718
See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
Hinere Quantity (th::sl::ds) Quantity (ch::::ds) Quantity (th:,:sl::ds)
HAWAII
Cement:
Masonry thousand metric tons 9 °$600 7 $1,421 7 $880
Portland do. *496 *47,589 520 53,936 451 48,269
Gemstones NA 60 NA w NA w
Sand and gravel (construction) thousand metric tons 363 2,300 w w w w
Stone (crushed)® do. 10,025 95,990 9,525 93,500 8,456 81,412
Combined value of other industrial minerals and values
indicated by symbol W XX (¥) XX (@) XX 8,143
Total XX 146,539 XX 148,857 b 0.4 138,704
IDAHO
Clays thousand metric tons 21 w w w w w
Gemstones NA 426 NA 390 NA 566
Gold* kilograms 3,348 39,107 4,037 44,774 w w
Lime thousand metric tons ) 136 9,124 w w w w
Phosphate rock do. 5,921 86,328 5,208 84,000 4,355 78,432
Pumice metric tons 36,868 267 55,525 401 43,438 327
Sand and gravel:
Construction thousand metric tons °10,523 31,300 13,522 40,728 13,600 *44,900
Industrial do. w w 728 9,214 w w
Silver® metric tons 337 43,807 254 32,131 190 26,232
Stone:
Crushed thousand metric tons 2,701 12,614 3,629 19,200 4,602 20,770
Dimension metric tons 9,873 970 w w w w

Combined value of antimony, cement, clays, [common, kaolin
(1991)}, copper, feldspar, garnet (abrasive), lead,
molybdenum (1991-92), perlite (1991-92), vanadium ore,

zinc, and values indicated by symbol W XX 71,147 XX 78,980 XX 102,983
Total XX 295,090 XX 309,818 XX 274,210
ILLINOIS
Cement (portland) thousand metric tons 2,408 °108,814 2,595 118,982 2,430 122,779
Clays do. 935 38,877 2535 22,362 2477 21,086
Gemstones NA 547 NA 715 NA 328
Sand and gravel:
Construction thousand metric tons 23,859 *90,400 32,382 123,720 °34,500 137,300
Industrial do. 3,761 57,210 4,241 57,454 4,224 61,734
Stone (crushed)® do. 58,133 309,610 65,952 322,800 61,487 315,149

Combined value of barite, cement [masonry (1991-92)], clays
fuller’s earth (1992-93)], copper (1992-93), fluorspar, lead
1992-93), lime, peat, silver (1992-93), stone [crushed
sandstone (1993), crushed sandstone and limestone

(1991-92), dimension], tripoli, and zinc XX 82,081 XX 108,252 XX 95,929
Total XX 687,539 XX 734,285 XX 734,305
INDIANA

Cement:
Masonry thousand metric tons *288 24,092 337 24,822 w w
Portland do. 2,043 105,844 2,237 110,737 2,065 108,702
Clays® do. 930 3,516 842 3,016 600 2,540
Gemstones NA 561 NA 720 NA 47
Peat thousand metric tons 24 w 24 512 24 w

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

1991 1992 1993

Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)

INDIANA—Continued

Sand and gravel:

Construction thousand metric tons *16,420 *$60,400 26,183 $95,889 27,000 *$102,600

Industrial do. w w 107 1,278 w w
Stone:

Crushed do. 32,752 144,298 39,009 *178,000 36,862 165,861

Dimension metric tons 171,467 327,596 172,739 26,767 3155,616 322,876

Combined value of clays (ball), gypsum (crude), lime, stone
[crushed limestone and dolomite (1991), dimension
limestone and sandstone (1991), dimension sandstone

(1993)}, and values indicated by symbol W XX 36,988 XX 35,145 XX 70,368
Total XX 403,295 XX 476,886 XX 472,994
IOWA
Cement:
Masonry thousand metric tons 31 3,264 45 4,120 w w
Portland do. 2,087 112,749 2,562 116,477 2,302 136,316
Clays do. 530 2,226 389 1,612 358 1,667
Gemstones NA 8 NA 1,606 NA 46
Gypsum (crude) thousand metric tons 1,961 12,285 1,989 11,626 1,988 12,280
Sand and gravel (construction) do. 15,785 *55,800 15,263 58,382 °16,600 *64,700
Stone (crushed) do. 328,903 r3151,690 *234,473 *2186,200 30,500 168,597
Combined value of lime, peat, sand and gravel [industrial
(1992-93)], stone [crushed dolomite and sandstone
(1991-92), dimension], and value indicated by symbol W XX 9,897 XX 11,140 XX 13,920
Total XX 347,919 XX 391,163 XX 397,526
KANSAS
Cement:
Masonry thousand metric tons 27 °1,530 31 1,914 35 2,408
Portland do. °1,330 65,970 1,551 79,464 1,383 73,914
Clays do. 607 2,828 544 3,921 2513 21,965
Gemstones NA 527 NA w NA w
Helium:
Crude million cubic meters A\ w w w 23 20,378
Grade-A do. 39 76,540 w w 52 103,949
Salt'® thousand metric tons 2,101 97,713 1,852 98,620 2,316 103,019
Sand and gravel (construction) do. 8,709 22,100 10,867 27,289 °11,900 30,700
Stone:
Crushed® do. 15,242 67,249 °15,331 *69,600 18,847 90,663
Dimension metric tons 327,948 33,128 w w 24,728 2,539
Combined value of clays [fuller’s earth (1993)], gypsum
(crude), pumice, salt (brine), sand and gravel (industrial),
stone [crushed quartzite (1991-92), crushed sandstone
(1993), dimension sandstone (1991, 1993)], and values
indicated by symbol W XX 29,156 XX 124,274 XX 12,577
Total XX 366,741 XX 405,082 XX 442,112
KENTUCKY
Clays? thousand metric tons 708 2,942 760 3,711 768 3,057
Gemstones NA 548 NA W NA w
Sand and gravel (construction) thousand metric tons 6,985 27,200 6,710 24,412 7,700 29,900

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993

Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)

KENTUCKY—Continued )
Stone (crushed) thousand metric tons 41,972 $191,893 °53,342 *$251,100 349,028 3§226,058

Combined value of cement, clays (ball), lime, sand and
gravel [industrial (1991)], stone [crushed sandstone

(1993)], and values indicated by symbol W XX 120,541 XX 121,285 XX 128,488
Total XX 343,124 XX 400,574 XX 387,503
LOUISIANA
Clays thousand metric tons 360 3,646 384 3,589 375 496
Gemstones NA 27 NA 3,960 NA 141
Salt thousand metric tons 13,240 130,587 12,054 112,334 12,374 115,464
Sand and gravel:
Construction do. °12,066 48,900 11,489 48,698 °11,900 51,500
Industrial . do. w w 47 9,267 465 9,359
Sulfur (Frasch) do. 1,063 w 1,105 w 740 w
Combined value of gypsum (crude), lime, stone [crushed
limestone, shell, and miscellaneous (1993), crushed
miscellaneous (1991), shell and miscellaneous (1992)], and
values indicated by symbol W XX 168,642 XX 131,432 XX 54,649
Total XX 351,802 XX 309,280 XX 231,609
MAINE
Gemstones NA 174 NA 108 NA 9,685
Sand and gravel (construction) thousand metric tons 3,538 °14,800 6,081 26,932 °4,400 *18,900
Stone:
Crushed do. 1,548 9,899 1,724 11,400 1,832 10,359
Dimension metric tons 66 88 w w w w
Combined value of cement, clays (common), peat, and
values indicated by symbol W XX 16,343 XX 17,479 XX 21,184
Total XX 41,304 XX 55,919 XX 60,128
MARYLAND
Cement (portland) thousand metric tons 1,433 *80,580 1,514 84,191 1,634 81,639
Clays do. 259 1,141 227 980 294 705
Gemstones NA 3 NA 1 NA 1
Sand and gravel (construction) thousand metric tons °11,793 72,800 10,875 69,297 °11,200 72,200
Stone:
Crushed do. 23,174 150,887 221,591 *180,400 23,051 152,273
Dimension metric tons 11,208 1,067 °10,310 *1,024 19,345 2,024
Combined value of other industrial minerals XX 4,720 XX 3,473 XX 4,677
Total XX 311,198 XX 339,366 XX 313,519
MASSACHUSETTS
Gemstones NA 1 NA 1 NA w
Sand and gravel:
Construction thousand metric tons 9,163 39,400 10,916 48,671 10,800 *51,300
Industrial do. 27 401 8 151 2 42
Stone:
Crushed do. 6,469 51,362 *9,435 77,200 39,455 376,267
Dimension metric tons 62,897 11,646 *59,725 9,292 152,536 21,323

See footnotes at end of table.
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TABLE 6—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
Minera Quantity (mxsl::ds) Quantity (mz:sl::ds) Quantity (mﬁll’ﬁds)
MASSACHUSETTS—Continued
Combined value of clays (common), lime, peat, and stone
[crushed dolomite and miscellaneous (1993)], and value
indicated by symbol W XX $8,787 XX $12,086 XX $11,280
Total XX 111,597 XX 147,401 XX 160,212
MICHIGAN
Cement:
Masonry thousand metric tons 204 22,440 212 20,381 216 17,376
Portland do. °4,477 222,075 4,998 262,063 5,116 313,246
Clays do. 2,062 8,770 1,265 4,345 1,234 4,848
Gemstones NA 10 NA 1 NA 1
Gypsum (crude) thousand metric tons 1,561 13,052 1,606 13,889 1,687 14,230
Iron ore (usable) do. *12,662 w 12,881 w 12,940 w
Lime do. 556 30,959 577 31,253 596 30,926
Peat do. 226 6,442 181 5,894 186 6,114
Sand and gravel:
Construction do. *°40,642 *132,200 43,539 143,107 45,000 *157,500
Industrial do. 1,899 18,464 1,954 122,585 2,567 25,129
Stone (crushed) do. 30,737 105,254 35,017 125,500 31,019 111,763
Combined value of calcium chloride [naturaP (1991-92)],
copper, iron oxide pigments (crude), magnesium
compounds, potash, salt, silver, stone [crushed marble and
miscellaneous (1991), (dimension), and values indicated by
symbol W XX 920,005 XX 961,038 XX 823,112
Total XX 1,479,671 XX 1,590,056 XX 1,504,245
MINNESOTA
Gemstones NA 62 NA 686 NA 65
Iron ore (usable) thousand metric tons 42,966 1,157,920 42,348 1,180,563 42,459 1,126,576
Peat do. 32 1,910 36 2,764 33 1,931
Sand and gravel (construction) do. 22,226 58,800 34,114 98,673 30,500 85,400
Stone:
Crushed do. 1,601 30,624 9,525 39,500 9,423 7,736
Dimension metric tons 41,545 13,962 32,833 11,436 33,466 11,766
Combined value of clays (common, kaolin), lime, and sand
and gravel (industrial) XX 25,607 XX 30,364 XX 35,250
Total XX 1,288,885 XX 1,363,986 XX 1,298,724
MISSISSIPPI
Clays thousand metric tons 1,172 234,382 21,120 238,090 1,100 38,228
Gemstones NA 1 NA 1 NA 1
Sand and gravel (construction) thousand metric tons 8,981 *33,000 10,403 44,124 °14,500 *57,300
Stone (crushed) do. 1,481 6,603 22,268 *10,400 2,102 8,122
Combined value of cement [masonry (1992), portland], clays
[ball (1991-92), kaolin (1991)], and sand and gravel
(industrial) XX 27,873 XX 28,780 XX ®
Total XX 101,859 XX 121,395 XX 103,651
MISSOURI
Cement (portland) thousand metric tons 3,879 *171,040 4,286 196,073 4,057 201,016
Clays? do. 2,002 11,060 1,195 8,327 1,184 7,737
Copper* metric tons w w 10,766 25,497 6,982 14,094

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
Hinere Quantity (mz::::ds) Quantity (ch:sI::ds) Quantity (chJ:l'.fd,)
MISSOURI—Continued
Gemstones NA w NA $862 NA $46
Iron ore (usable) thousand metric tons 224 w 19 w 287 w
Lead* metric tons 351,995 $259,841 299,741 231,946 277,427 194,129
Sand and gravel:
Construction thousand metric tons *6,713 *20,100 8,186 26,457 *6,400 19,800
Industrial do. w w 644 10,931 520 9,389
Silver* metric tons 35 4,483 32 4,084 40 5,578
Stone (crushed) thousand metric tons 44,091 169,419 °47,355 187,400 53,368 239,297
Zinc* metric tons 42,506 49,453 44,031 56,670 40,171 40,872
Combined value of barite, cement (masonry), clays (fuller’s
earth), iron oxide pigments (crude), lime, stone
(dimension), and values indicated by symbol W XX 197,141 XX 148,286 XX 123,466
Total XX 882,537 XX 896,533 XX 855,424
MONTANA
Clays thousand metric tons 363 11,332 235 2101 w w
Gemstones NA 2,796 NA 674 NA 281
Gold* kilograms 13,715 160,197 13,994 155,210 14,325 166,219
Palladium metal do. 6,050 16,923 6,470 18,097 6,500 25,287
Platinum metal do. 1,730 20,635 1,840 21,060 1,800 21,412
Sand and gravel (construction) thousand metric tons °4,354 13,700 10,078 31,375 *10,000 *32,000
Silver* metric tons 222 28,893 197 24,990 127 17,566
Stone (crushed) thousand metric tons 1,912 5,725 *1,996 6,200 2,816 10,375
Talc and pyrophyllite metric tons w w 407,657 16,162 349,559 11,892
Zinc* do. w w 20,588 26,498 w w
Combined value of barite, cement [masonry (1991-92),
portland], clays [bentonite (1992-93), common (1993), fire
(1993)], copper, iron ore (usable), lead, lime,
molybdenum, peat, phosphate rock, sand and gravel
(industrial), stone (dimension), vermiculite (1991-92), and
values indicated by symbol W XX 274,082 XX 238,787 XX 198,998
Total XX 534,283 XX 539,154 XX 484,030
NEBRASKA
Clays thousand metric tons 198 909 183 879 192 932
Gemstones NA 1 NA 645 NA w
Lime thousand metric tons w w 26 1,741 24 1,233
Sand and gravel (construction) do. 9,163 27,300 11,980 38,108 °12,900 *41,900
Stone (crushed) do. 4,410 23,328 5,352 29,100 6,763 38,871
Combined value of cement, sand and gravel (industrial), and
values indicated by symbol W XX 37,854 XX 44,317 XX 43,240
Total XX 89,392 XX 114,790 XX 126,176
NEVADA
Barite thousand metric tons 374 11,933 w w 242 9,100
Clays? do. 16 3,204 51 7,722 16 3,434
Gemstones NA 958 NA 661 NA 660
Gold* kilograms 180,382 2,106,866 203,393 2,255,837 210,763 2,445,590
Mercury metric tons 57 202 64 3713 w w

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE
1991 1992 1993
Minere! Quantity (mz:sl::ds) Quantity (mr::::ds) Quantity (th:::::ds)
NEVADA—Continued
Sand and gravel: )
Construction thousand metric tons °18,416 °$69,000 22,020 $93,585 24,900 *$107,600
Industrial do. 495 w 482 w 430 w
Silver* metric tons 578 75,050 614 77,724 713 98,546
Stone (crushed) thousand metric tons 986 6,527 1,089 *6,700 1,067 12,529
Combined value of brucite, cement (portland), clays [fuller’s
earth (1991, 1993), kaolin], copper, diatomite, fluorspar
(1993), gypsum (crude), lead (1991), lime, lithium minerals,
magnesite, molybdenum (1991), perlite, salt, zinc (1991),
and values indicated by symbol W XX 155,018 XX 148,181 XX 151,092
Total XX 2,428,758 XX 2,590,783 XX 2,828,551
NEW HAMPSHIRE
Clay (common) thousand metric tons w w w w 3 16
Gemstones NA 31 NA 4 NA 9
Sand and gravel (construction) thousand metric tons *4,264 16,200 5,839 25,570 *4,800 20,700
Stone:
Crushed do. 1,131 6,818 1,542 *11,000 1,390 7,794
Dimension metric tons 31,573 5,013 34,153 *5,460 53,106 8,674
Combined value of other industrial minerals and values
indicated by symbol W XX () XX é XX —
Total XX 828,062 XX $42,034 XX 37,193
NEW JERSEY
Gemstones NA 3 NA 1 NA 1
Peat thousand metric tons w 541 w w w w
Sand and gravel:
Construction do. 9,344 *47,900 14,892 79,993 *14,700 *80,100
Industrial do. 1,482 23,738 1,377 24,727 1,826 28,640
Stone (crushed)® do. 15,132 119,286 °15,513 126,000 16,702 137,872
Combined value of clays (common, fire), greensand marl,
stone (crushed sandstone and other), titanium concentrates
[ilmenite and rutile (1991-92)]}, zircon concentrates
(1991-92), and values indicated by symbol W XX 13,520 XX 9,718 XX 15,734
Total XX 204,988 XX 240,439 XX 262,347
NEW MEXICO
Clays? thousand metric tons 28 74 33 79 33 101
Copper* metric tons 252,859 609,454 211,337 500,504 224,305 452,771
Gemstones NA 100 NA 34 NA 10
Gold* kilograms w w w w 995 11,550
Iron ore (usable) thousand metric tons w w - - 12 165
Lead* metric tons 193 142 w w - -
Potash thousand metric tons 1,469 250,900 1,436 256,620 1,311 215,858
Sand and gravel (construction) do. °8,346 35,900 10,170 46,176 11,100 *51,100
Silver* metric tons w w A\ w 22 3,089
Stone (crushed) thousand metric tons 2,541 13,089 2,722 14,400 33,503 318,411
See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE
1991 1992 1993
Hinere Quantity (thll:sl::ds) Quantity (ch:sl::ds) Quantity (thov:sl;l:ds)
NEW MEXICO—Continued
Combined value of cement, clays (fire), gypsum (crude),
helium [Grade-A (1990-91)], mica (scrap), molybdenum,
perlite, pumice, salt, stone [crushed quartzite (1993),
dimension], zinc (1993), and values indicated by symbol W XX $75,851 XX $53,466 XX $50,994
Total XX 985,510 XX 871,279 XX 804,049
NEW YORK
Cement:
Masonry thousand metric tons w w w w 75 5,422
Portland do. w w w w 2,966 149,491
Clays do. 421 2,417 415 2,412 508 9,250
Gemstones NA 125 NA 170 NA w
Peat thousand metric tons 1 21 w w w w
Salt do. 4,534 173,837 4,703 164,729 5,619 191,491
Sand and gravel (construction) do. 21,500 95,500 28,538 130,379 34,900 *161,500
Stone:
Crushed do. 31,634 195,639 *33,384 212,700 38,448 223,293
Dimension metric tons 16,292 3,162 °16,526 2,779 19,275 3,436
Combined value of emery (1993), garnet (abrasive), gypsum
(crude), lead, sand and gravel (industrial), silver, stone
[crushed traprock (1993)], talc and pyrophyllite,
wollastonite, zinc, and values indicated by symbol W XX 228,142 XX 252,578 XX 107,624
Total XX 698,843 XX 765,747 XX 851,507
NORTH CAROLINA
Clays? thousand metric tons 2,064 9,015 2,120 9,775 2,381 11,165
Feldspar metric tons 402,448 13,027 438,624 15,498 471,879 16,687
Gemstones ‘NA 785 NA 1,219 NA 546
Mica (scrap) thousand metric tons 64 3,747 51 2,967 51 2,696
Peat do. 19 w w 108 w 162
Sand and gravel:
Construction do. 8,981 35,000 9,283 42,717 °11,100 *53,800
Industrial do. 1,065 15,565 1,088 17,533 1,344 18,597
Stone:
Crushed® do. 42,196 243,919 °44,089 262,400 47,787 297,657
Dimension metric tons 33,617 10,568 23,014 *7,469 31,733 12,268
Combined value of clays (kaolin), lithium minerals, olivine,
phosphate rock, stone [crushed quartzite, slate, and
volcanic cinder (1993), volvanic cinder (1991-92)], talc and
pyrophyllite, and values indicated by symbol W XX 221,712 XX 235,962 XX 203,812
Total XX 553,338 XX 595,648 XX 617,390
NORTH DAKOTA
Clays thousand metric tons 28 w w w w w
Gemstones NA 6 NA 643 NA w
Lime thousand metric tons 89 5,360 101 4,288 w 4,512
Peat do. - — w w © w
Sand and gravel (construction) do. *4,536 °12,000 7,929 20,609 *7,700 ©20,400
Stone (crushed) do. 10 w 10 w A w
See footnotes at end of table.
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TABLE 6—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
Hinert Quantity (ﬂlov:sl::ds) Quantity (ﬂ\Z:sl.::ds) Quantity (mz::::ds)
NORTH DAKOTA—Continued
Combined value of other industrial minerals and values
indicated by symbol W XX e XX $210 XX $131
Total XX 8$17,366 XX 25,750 XX 25,043
OHIO
Cement:
Masonry thousand metric tons °99 9,591 103 10,260 93 11,305
Portland do. °1,230 °69,156 1,320 77,053 1,494 90,305
Clays do. 2,205 11,015 2,288 12,062 22,161 212,023
Gemstones NA 57 NA 5 NA 5
Lime thousand metric tons 1,618 85,976 1,670 96,739 1,699 100,721
Peat do. 8 222 w w w w
Sand and gravel:
Construction do. *38,374 *160,100 42,874 177,508 *46,400 202,900
Industrial do. 1,174 23,462 1,276 26,445 1,360 27,533
Stone:
Crushed do. 343,221 r3184,159 343,998 *3194,500 52,167 228,364
Dimension metric tons 342,666 32,443 31,805 2,244 325,738 31,207
Combined value of abrasives, clays [ball (1993)], gypsum
(crude), salt, stone [crushed limestone and dolomite
(1991-92), dimension limestone (1991, 1993)], and values
indicated by symbol W XX 137,549 XX 145,087 XX 176,271
Total XX 683,730 XX 741,903 XX 850,634
OKLAHOMA
Cement:
Masonry thousand metric tons w w W w 85 6,719
Portland do. °1,470 63,180 931 39,280 1,696 77,624
Clays do. 824 4,178 622 3,296 613 2,938
Gemstones NA w NA 1,863 NA w
Gypsum (crude) thousand metric tons 2,137 12,925 2,361 14,915 2,651 15,434
ITodine (crude) thousand kilograms 1,999 31,389 1,995 20,877 1,935 15,443
Sand and gravel:
Construction thousand metric tons 8,165 ©22,300 8,985 24,204 9,700 *27,300
Industrial do. 1,126 20,918 972 19,011 1,208 23,155
Stone:
Crushed do. 325,676 r3104,481 ©324,948 *3105,300 27,055 113,958
Dimension metric tons 33,426 3596 4,701 *706 32,350 3838
Tripoli do. 15,885 141 w w w w
Combined value of feldspar, lime, salt, stone (crushed stone
[dolomite (1991), crushed granite [1992], dimension
limestone and sandstone (1993), dimension sandstone
(1991)}, tripoli (1992), and values indicated by symbol W XX 24,390 XX 23,144 XX 14,930
Total XX 284,498 XX 252,596 XX 298,339
OREGON
Cement (portland) thousand metric tons 226 °18,675 w w w w
Clays do. 213 1,086 2203 2326 221 1,410
Copper* metric tons w w 152 361 703 1,420

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993

Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)

OREGON—Continued

Gemstones NA $2,758 NA $2,723 NA $2,143
Nickel ore™ metric tons 5,523 NA 6,671 w 2,464 w
Sand and gravel (construction) thousand metric tons *14,152 62,800 14,958 69,536 15,800 *74,800
Silver* metric tons — — ® 1 - —
Stone (crushed) thousand metric tons *318,773 389,847 315,241 374,900 18,891 84,655
Talc and pyrophyllite metric tons 63 67 64 67 64 67
Zinc* do. 751 873 — — — -

Combined value of cement [masonry (1992)], clay [bentonite
(1992)], diatomite, emery, gold (1992), lime, pumice,
stone [crushed slate (1991-92)],and values indicated by

symbol W XX 22,347 XX 66,256 XX 61,613
Total XX 198,453 XX 214,170 XX 226,108
PENNSYLVANIA
Cement:
Masonry thousand metric tons 230 °18,975 296 21,924 248 18,741
Portland do. *4,428 248,931 5,016 258,887 5,365 282,630
Clays do. 701 22,890 649 3,455 765 3,777
Gemstones NA 5 NA 1 NA 1
Lime thousand metric tons 1,538 95,328 1,506 94,543 1,535 95,377
Peat do. 9 207 15 250 9 249
Sand and gravel (construction) do. °16,601 87,800 17,540 94,643 16,100 83,900
Stone:
Crushed® do. 65,366 366,360 64,954 380,200 69,361 405,346
Dimension metric tons 38,086 10,459 37,855 10,822 35,665 9,892

Combined value of clays [kaolin (1991)], mica [scrap(1991)],
sand and gravel (industrial), stone [limestone, dolomite,

and quartzite (1991-92), quartzite (1993)], and tripoli XX 13,428 XX 16,218 XX 13,249
Total XX 844,383 XX 880,943 XX 913,162
RHODE ISLAND
Gemstones NA 1 NA 1 NA 1
Sand and gravel (construction) thousand metric tons °1,179 6,000 2,227 11,964 2,500 *13,900
Stone (crushed) do. 1,077 7,262 1,361 *9,500 1,291 9,251
Total® XX 13,263 XX 21,465 XX 23,152
SOUTH CAROLINA
Cement (portland) thousand metric tons *2,009 *99,675 2,083 93,385 2,132 109,369
Clays do. 1,709 25,662 1,608 27,694 1,539 31,304
Gemstones NA 10 NA 641 NA w
Gold* kilograms w w 6,747 74,832 w w
Sand and gravel:
Construction thousand metric tons *5,987 *18,900 6,256 19,923 6,800 21,800
Industrial do. 746 16,348 770 17,316 749 18,964
Stone:
Crushed do. 316,525 384,260 315,966 383,800 19,765 120,939
Dimension metric tons 8,010 854 w w w w
Combined value of cement (masonry), manganiferous ore,
mica (scrap), peat, silver, stone [crushed dolomite
(1991-92)], vermiculite, and values indicated by symbol W XX 94,364 XX 29,305 XX 88,671
Total XX 340,073 XX 346,896 XX 391,047

See footnotes at end of table.
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TABLE 6—Continued

NONFUEL MINERAL PRODUCTION' IN THE UNITED STATES, BY STATE

24

1991 1992 1993
Miners! Quantity (th:)l:sl::ds) Quantity (mr::::ds) Quantity (ﬂlov::::ds)
SOUTH DAKOTA
Gemstones NA w NA $967 NA $163
Gold* kilograms 16,371 $191,217 18,681 207,195 19,241 223,267
Sand and gravel (construction) thousand metric tons *7,893 20,800 7,511 22,187 8,300 25,000
Silver* metric tons 7 944 6 802 5 651
Stone (crushed) thousand metric tons 4,376 19,657 °4,082 °18,900 34,227 318,684
Combined value of cement, clays (common), feldspar,
gypsum (crude), iron ore (usable), lime, mica (scrap),
stone (dimension), and values indicated by symbol W XX 57,304 XX 50,619 XX 69,391
Total XX 289,922 XX 300,670 XX 337,156
TENNESSEE
Clays® thousand metric tons 829 44,572 574 24,097 607 25,703
Gemstones NA w NA 23,347 NA 21,795
Sand and gravel:
Construction thousand metric tons °6,078 21,100 7,691 35,077 *7,200 34,000
Industrial do. w w 614 10,665 644 11,736
Stone:
Crushed do. 39,996 223,561 42,366 243,800 43,534 226,521
Dimension metric tons 3,139 260 3,084 320 4,553 552
Combined value of cement, clays [bentonite (1992-93),
common, fuller’s earth (1992-93), kaolin (1991)}, copper,
lead, lime, silver, zinc, and values indicated by symbol W XX 258,294 XX 238,498 XX 189,358
Total XX 547,787 XX 575,804 XX 509,665
TEXAS
Cement:
Masonry thousand metric tons w w w w 245 18,365
Portland do. *6,802 289,341 6,840 308,749 8,127 397,600
Clays® do. 2,266 13,247 2,237 12,610 2,183 17,441
Gemstones NA w NA 3,834 NA 400
Gypsum (crude) thousand metric tons 1,460 9,240 1,624 9,920 1,756 10,088
Helium (crude) million cubic meters w w w w 6 5,385
Lime thousand metric tons 1,246 69,400 1,337 83,359 1,604 103,274
Salt do. 8,106 73,117 7,985 76,125 8,253 76,054
Sand and gravel:
Construction do. 35,199 135,800 41,404 166,362 *47,100 195,000
Industrial do. 1,412 27,002 1,392 26,501 1,433 28,558
Stone (crushed) do. 59,964 225,664 64,682 253,100 70,772 279,245
Sulfur (Frasch) do. 2,056 w 1,495 w 1,164 w
Talc and pyrophyllite metric tons 212,887 4,561 235,919 5,720 235,857 5,662
Combined value of clays [ball, bentonite, fuller’s earth,
kaolin), fluorspar (1993), helium (Grade-A), iron ore
(usable), magnesium compounds, magnesium metal,
sodium sulfate (natural), stone (dimension), and values
indicated by symbol W XX 417,067 XX 357,458 XX 311,041
Total XX 1,264,439 XX 1,303,738 XX 1,448,113
UTAH
Beryllium concentrates metric tons 4,339 5 4,826 5 4,939 5
Clays? thousand metric tons 210 1,028 243 2,714 216 3,129
Gemstones NA 489 NA 634 NA 1,156
See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE
1991 1992 1993
Hinerd Quantity (u,ﬁsl:;fds) Quantity (m(\::sI::ds) Quantity (mz:;l:ds)
UTAH—Continued
Lime thousand metric tons 295 $18,634 w w w w
Potash do. w w w w 210 $49,690
Salt do. 1,310 29,959 1,367 $44,498 2,251 46,759
Sand and gravel (construction) do. °13,063 °48,200 16,037 54,819 °16,000 °56,000
Silver* metric tons w w w w 135 18,703
Stone:
Crushed thousand metric tons 4,037 18,259 *4,808 22,400 4,555 29,400
Dimension metric tons 20,937 1,429 —_ —_ w w
Combined value of cement, clays [bentonite, fuller’s earth
(1992-93)], copper, gold, gypsum (crude), iron ore (usable),
magnesium compounds, magnesium metal, mercury
(1992-93), molybdenum, phosphate rock, sodium sulfate
(natural), and values indicated by symbol W XX 1,067,184 XX 1,221,160 XX 1,108,695
Total XX 1,185,187 XX 1,346,230 XX 1,313,537
VERMONT
Asbestos metric tons w w 4,575 1,686 3,661 1,531
Gemstones NA 5 NA 1 NA 1
Sand and gravel (construction) thousand metric tons 2,722 9,900 3,152 11,291 3,000 °10,400
Stone:
Crushed do. 2,291 11,616 2,268 12,200 2,520 12,899
Dimension metric tons 84,058 31,013 113,398 34,639 97,352 27,875
Combined value of other industrial minerals XX 7,286 XX e XX )
Total ) XX 59,820 XX 59,817 XX 52,706
VIRGINIA
Clays? thousand metric tons 723 3,248 754 3,367 775 2,950
Gemstones NA 70 NA w NA w
Lime thousand metric tons 748 39,612 764 40,271 756 40,039
Sand and gravel (construction) do. 8,800 °36,900 8,659 37,336 9,000 °40,500
Stone:
Crushed do. 44,378 262,577 43,001 261,300 50,998 292,345
Dimension metric tons 10,021 3,061 w w w w
Combined value of aplite'? (1991), cement, clays [bentonite
(1992-93), fuller’s earth], feldspar,® gypsum (crude), iron
oxide pigments (crude), kyanite, sand and gravel
(industrial), talc and pyrophyllite, vermiculite, and values
indicated by symbol W XX 84,188 XX 119,589 XX 88,913
Total XX 429,656 XX 461,863 XX 464,747
WASHINGTON
Clays thousand metric tons 263 2,633 306 21,889 2238 21,373
Gemstones NA 85 NA 379 NA 24
Gold* kilograms 9,954 116,260 8,802 97,619 7,108 82,469
Lime thousand metric tons w w w w 213 w
Sand and gravel (construction) do. 36,469 140,700 37,134 140,994 40,200 158,000
Silver* metric tons w w w w 14 1,939
See footnotes at end of table.
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TABLE 6—Continued

NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993
st Quantity (mf\fifﬁdg Quantity (mz::::ds) Quantity (m:::::ds)
WASHINGTON—Continued
Stone (crushed) thousand metric tons 11,945 $59,751 °12,247 *$63,200 13,204 $68,648
Combined value of cement, clays [fire (1992-93)], diatomite,
gypsum [crude (1991)], lead, magnesium metal, olivine,
peat, sand and gravel (industrial), stone (dimension), zinc,
and values indicated by symbol W XX 163,395 XX 164,958 XX 192,740
Total XX 482,824 XX 469,039 XX 505,193
WEST VIRGINIA
Clays thousand metric tons 134 322 80 221 115 334
Gemstones NA 2 NA 1 NA 1
Sand and gravel (construction) thousand metric tons 2,812 °14,300 1,256 5,730 *1,400 6,700
Stone (crushed) do. 9,354 50,768 °10,342 *57,800 310,313 79,661
Combined value of cement, lime, peat, salt, sand and gravel
(industrial), and stone [crushed dolomite (1993)] XX 51,802 XX 47,846 XX 62,756
Total XX 117,194 XX 111,598 XX 149,452
WISCONSIN
Gemstones NA 542 NA 5 NA 45
Lime thousand metric tons 486 23,225 473 26,579 511 30,880
Peat do. 8 227 56 553 w w
Sand and gravel:
Construction do. 26,853 *77,500 26,415 77,066 27,600 82,800
Industrial do. w w 1,303 26,026 1,479 31,399
Stone:
Crushed do. 321,478 r380,476 *323,133 *389,300 26,248 98,026
Dimension metric tons 355,238 %,221 32,809 4,227 121,573 13,098
Combined value of other industrial minerals and values
indicated by symbol W XX 27,533 XX é XX 57,064
Total XX 215,724 XX $223,756 XX 313,312
WYOMING
Cement (portland) thousand metric tons w w 438 30,182 w w
Clays® do. 2,496 81,573 2,535 83,094 2,407 73,399
Gemstones NA 61 NA 12 NA 13
Lime thousand metric tons 34 2,729 w w w w
Sand and gravel (construction) do. 3,175 °11,900 2,855 11,438 3,400 *15,000
Stone (crushed) do. 12,626 13,595 °4,082 °19,900 3,456 19,837
Combined value of cement [masonry (1992-93)], clays
(common), gypsum (crude), helium (Grade-A), soda ash,
and values indicated by symbol W XX 820,268 XX 806,131 XX 748,236
Total XX 930,126 XX 950,757 XX 856,485

See footnotes at end of table.
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TABLE 6—Continued
NONFUEL MINERAL PRODUCTION! IN THE UNITED STATES, BY STATE

1991 1992 1993

Mineral . Value . Value . Value
Quantity (thousands) Quantity (thousands) Quantity (thousands)

UNDISTRIBUTED

Delaware, Hawaii (1991-92), Mississippi (1993), New

Hampsire (1991-92), North Dakota (1991), Rhode Island,

Vermont, Wisconsin (1991-92), and Undistributed (1991) XX $77,972 XX r$94,923 XX $102,530
‘Estimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data, value included with "Combined value® data. XX Not applicable.
'Production as measured by mine shipments, sales, or marketable production (including ¢ ption by prod )
2Excludes certain clays; kind and value included with "Combined value" data.
3Excludes certain stones; kind and value included with "Combined value” data.

“Recoverable content of ores, etc.

*Grindstones, pulpstones, and sharpening stones; excludes mill liners and grinding pebbles.
SLess than 1/2 unit.
"Calcium chloride ( )] ing discontinued beginning 1993.

*Partial total, excludes valucs that must be concealed to avoid disclosing company proprietary data. Values excluded from partial total lncluded with "Undistributed States.”

Value excluded to avoid disclosing company proprietary data.

PExcludes salt in brines; value included with "Combined value" data.

"'The Riddle nickel smelter uses lateritic ore mined on Nickel Mountain, lateritic ore imported from New Caledonia, and small tonnages of recycled Ni-bearing catalysts. In 1989,
the Glenbrook Nickel Co. purchased the idled mining and smelting complex and restarted the operation. Production of ferronickel on a contained Ni basis has been as follows:
1991—7,060 metric tons (mt) valued at $57.6 million; 1992—8,962 mt valued at $62.7 million; and 1993—4,878 mt valued at $28.0 million.

2Aplite combined with feldspar beginning 1992.

TABLE 7
NONFUEL MINERAL PRODUCTION' IN THE COMMONWEALTH OF PUERTO RICO AND ISLANDS
ADMINISTERED BY THE UNITED STATES

1991 1992 1993
Hiners Quantity (m\;:ls:id) Quantity (thc‘::;::ds) Quantity (:h:::::ds)
PUERTO RICO

Cement (portland) thousand metric tons 1,254 *$110,560 1,298 $119,643 1,310 $72,619
Clays do. 145 355 w 527 155 508
Lime do. 27 4,440 27 3,717 — —_
Sand and gravel (industrial) do. 50 825 w w 58 1,396
Stone:

Crushed do. 8,008 49,839 NA NA 7,845 51,059

Dimension metric tons - - — - w w

Total XX 166,019 XX 123,887 XX 125,582
ADMINISTERED ISLANDS

American Samoa: Stone (crushed) thousand metric tons w w — - 83 w
Guam: Stone (crushed) do. w 18,038 - — 1,373 15,095
Virgin Island: Stone (crushed) do. -— - - - w w

Total XX r218,038 XX - XX 215,095
°Estimated. NA Not available. W Withheld to avoid disclosing company proprietary data; not mcluded in 'Total ® XX Not applicable.
'Production as measured by mine shipments, sales, or marketable production (including ption by prod )

2Total does not include value of item withheld.

SURVEY METHODS STATISTICAL SUMMARY OF NONFUEL MINERALS—1993 27



TABLE 8
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1992 1993
Miner! Quantity (mz::::ds) Quantity (mz::::ds)
METALS
Aluminum:
Aluminum oxide (alumina, includes hydroxide [calcined equivalent])
thousand metric tons 1,143 $306,513 1,237 $305,829
Crude and semicrude metric tons 1,452,695 2,680,202 1,206,539 2,228,744
Manufactures do. 774,755 231,190 98,510 270,200
Speciality compounds (aluminum sulfate, aluminum chloride,
aluminum oxide abrasives, and various fluorine-based compounds) do. NA NA 52,200 NA
Antimony:
Metal, alloys, waste and scrap do. 947 1,619 315 871
Oxide (antimony content) do. 4,817 10,443 3,896 8,889
Arsenic metal do. 94 783 364 1,208
Baukxite (dried and calcined) thousand metric tons 63 NA 90 NA
Beryllium (alloys, wrought or unwrought, and waste and scrap) kilograms 41,109 5,277 19,714 1,763
Bismuth (metal, alloys, waste and scrap) do. 90,320 577 70,070 790
Cadmium (alloys, dross, flue dust, metal, residues, and scrap) metric tons 178 244 11 137
Chromium:
Chemicals do. 22,820 29,325 20,001 34,919
Chromite ore and concentrate do. 7,042 1,602 10,011 2,136
Metal and alloys do. 11,122 14,909 15,734 18,413
Pigments do. 2,554 10,413 2,312 9,403
Cobalt:
Metal (unwrought, powders, waste and scrap, and mattes and other
intermediate products of metallurgy) do. 485 20,180 435 10,928
Metal (wrought and cobalt articles) do. 405 13,200 249 11,400
Ores and concentrates do. 6 83 9 78
Oxides and hydroxides do. 999 11,797 308 6,081
Other forms (acetates and chlorides) do. 897 71,729 563 4,096
Columbium:
Ferrocolumbium thousand kilograms 902 8,254 815 7,313
Ores and concentrates do. — — 6 46
Copper:
Scrap (alloyed and unalloyed) metric tons 246,636 281,882 262,102 279,786
Semimanufactures (bare wire [includes wire rod], bars, cable [stranded],
foil, hydroxides, oxides, pipes, plates, sheets, tubing, and wire
[stranded]) do. 108,734 400,522 348,192 407,514
Sulfate do. 1,049 NA 334 NA
Unmanufactured (anodes, ash, blister, ore, concentrate, matte,
precipitates, and refined) do. 472,571 791,697 468,195 727,975
Gold:
Bullion (refined) kilograms 256,845 2,877,377 658,120 7,611,318
Doré and precipitates do. 51,008 518,661 64,797 685,506
Ores and concentrates do. 30 221 216 1,880
Waste and scrap do. 60,968 548,873 66,847 615,689
Iron ore and agglomerates thousand metric tons 5,055 186,864 5,061 166,904
Iron and steel:
Direct-reduced iron metric tons 14,105 6,233 22,541 5,173

See footnotes at end of table.
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TABLE 8—Continued

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

SURVEY METHODS STATISTICAL SUMMARY OF NONFUEL MINERALS—1993

1992 1993
Miner Quantity (lhov::::ds) Quantity (mz:::ds)
METALS—Continued
Iron and steel—Continued:
Ferroalloys not elsewhere listed:
Ferrophosphorous metric tons 2,142 $1,470 1,806 $1,035
Ferrozirconium do. 88 130 20 54
Ferroalloys (n.e.c.) do. 2,217 3,497 2,028 2,821
Pig iron do. 32,742 3,196 27,111 3,035
Products:
Cast (granules-shot, grinding balls, grit, fittings, pipe, rolls, and other)
thousand metric tons 201 403,831 180 348,099
Fabricated steel do. 609 1,938,148 631 1,961,142
Steel mill do. 3,890 3,032,072 3,600 2,494,548
Other steel do. NA NA 57 44,288
Scrap:
Borings, bundles, heavy melting, iron, shredded, shovelings, stainless,
turnings, and other steel do. 9,262 1,099,802 9,805 1,316,104
Ships, boats, and other vessels for scrapping do. 92 7,622 162 13,213
Used rails for rerolling and other uses (contains used plus new rails)
do. 22 5,998 43 11,760
Lead:
Ash and residues (lead content) do. 2,141 1,031 1,728 1,326
Ore and concentrate (lead content) do. 72,323 22,202 41,766 7,839
Scrap do. 63,212 15,165 54,101 14,431
Unwrought metal and alloys (lead content) do. 64,340 44,624 51,443 32,240
Wrought metal and alloys (lead content) do. 5,251 19,637 7,141 19,703
Magnesium:
Alloys do. 1,473 5,365 1,953 8,219
Metal do. 35,824 96,221 26,518 71,852
Powder, sheets, tubing, ribbons, wire, and other forms do. 12,158 24,367 8,337 18,772
Waste and scrap do. 2,496 5,907 2,007 4,636
Manganese:
Ferromanganese (all grades) do. 13,404 12,996 18,040 14,842
Metal (including alloys, waste, and scrap) do. 5,005 11,946 3,835 9,397
Ore and concentrates do. 13,086 2,295 15,923 1,791
Silicomanganese do. 9,171 6,500 9,420 6,717
Mercury do. 977 2,760 389 1,229
Molybdenum (molybdenum content):
Ferromolybdenum do. 320 4,404 224 2,958
Ore and concentrates do. 33,439 125,405 28,280 74,225
Oxides and hydroxides do. 557 2,890 1,042 5,611
Molybdates (all) do. 1,030 4,976 958 4,783
Powder do. 350 5,811 226 4,191
Unwrought do. 74 640 52 801
Wire do. 356 14,972 260 10,266
Wrought do. 144 5,772 93 4,791
See footnotes at end of table.
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1992 1993
Minere Quantity @Zﬂl’ﬁds) Quantity (ch::::ds)
METALS—Continued
Nickel (nickel content):
Alloyed (bars, foil, ingot [unwrought], pipes, profiles, rods, sheets,
strip, tubes, wire, and other articles) metric tons 15,184 $208,105 14,941 $230,359
Unwrought:
Primary (briquets, cathodes, chemicals [catalysts and salts], ferronickel,
flakes, oxide (metallurgical grade), pellets, powder, and shot) do. 8,560 84,175 7,183 80,137
Secondary (scrap [stainless steel and waste]) do. 25,307 187,797 26,016 187,904
Wrought (bars, foil, pipes, profiles, rods, sheets, strips, tubes,
and wire) do. 47 7,955 551 5,755
Platinum-group metals (concentrates, iridium, ores, osmium, palladium,
platinum, rhodium, ruthenium, and waste and scrap) kilograms 57,830 382,016 78,521 441,053
Rare-earth metals (rare-earth oxide content):
Cerium compounds do. 1,935,021 10,089 1,621,942 11,717
Compounds (inorganic and organic) do. 1,306,463 12,771 1,087,584 14,123
Ferrocerium and pyrophoric alloys do. 2,737,342 15,842 4,806,785 20,382
Metals (includes scandium and yttrium) do. 36,452 1,098 161,421 2,395
Selenium (metal, waste and scrap, selenium content) do. 174,788 1,658 261,393 2,195
Silicon:
Ferrosilicon metric tons 55,996 45,825 39,506 36,759
Metal do. 8,531 93,813 10,618 133,297
Silver: .
Bullion (refined) kilograms 910,587 125,531 705,225 100,191
Doré and precipitates do. 88,894 16,104 103,289 16,032
Ores and concentrates do. 8,505 1,503 2,269 395
Waste and scrap do. 745,221 110,381 892,407 141,921
Tantalum:
Ores and concentrates (includes synthetic) thousand kilograms 19 50 11 111
Unwrought (alloys, metal, powders, and waste and scrap) do. 131 24,329 242 24,876
Wrought do. 66 22,668 50 18,674
Thorium:
Compounds kilograms 93 12 189 68
Ore (monazite concentrate) do. 5,000 11 w w
Tin:
Ingots and pigs metric tons 1,888 8,957 2,598 11,377
Tin scrap and other tin bearing material (except tinplate scrap, includes
bars, rods, profiles, wire, powders, flakes, tubes, and pipes) do. 127,191 89,298 92,585 63,240
Tinplate and terneplate do. 272,549 162,302 200,794 120,068
Titanium:
Metal:
Scrap do. 2,770 7,201 3,892 9,074
Sponge do. 178 1,102 104 748
Other unwrought (billet, blooms and sheet bars, ingots, etc.) do. 2,640 43,372 1,511 27,113
Wrought (bars, rods, etc.) do. 2,431 81,027 2,386 72,678
Ores and concentrates do. 34,665 10,566 15,202 4,893
Pigments (dioxides and oxides) do. 270,422 420,372 290,192 405,165

See footnotes at end of table.
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1992 1993
e Quantity (mr:sl:ﬁds) Quantity (mr:::ds)
METALS—Continued
Tungsten (tungsten content):
Ammonium paratungstate metric tons 470 $3,354 166 $2,211
Carbide powder do. 715 18,098 1,250 22,484
Metal and alloy powder do. 316 8,380 416 7,859
Miscellaneous tungsten-bearing materials (ferrotungsten and
ferrosilicon tungsten, unwrought, wire [metal and alloy],
wrought, other compounds [other tungstates], and other metal) do. 684 28,332 550 24,029
Ore and concentrate do. 38 284 63 309
Vanadium:
Aluminum-vanadium master alloy kilograms 545,198 9,564 865,291 10,757
Compounds (pentoxide [anhydride], and other [excludes vanadates],
vanadium content) do. 1,138,653 4,921 1,020,590 5,255
Ferrovanadium do. 325,656 3,727 290,845 2,776
Zinc:
Compounds (chloride, lithopone, oxide, sulfate, sulfide, and
compounds n.s.p.f.) metric tons 16,081 59,593 17,270 50,400
Ore and concentrates do. 307,118 212,203 311,278 117,137
Zirconium:
Ore and concentrates . do. 27,853 14,323 35,932 13,177
Unwrought and waste and scrap do. 389 13,070 248 6,145
Total! XX 18,450,000 XX 22,387,000
INDUSTRIAL MINERALS
Abrasive materials (includes reexports):
Natural XX 177,542 XX 202,549
Manufactured XX 205,732 XX 218,741
Asbestos (includes reexports):
Manufactured XX 134,102 XX 141,087
Unmanufactured metric tons 24,860 6,724 27,643 8,435
Barite: Natural barium sulfate do. 12,469 1,806 18,486 2,608
Boron:
Boric acid thousand metric tons 80 53,652 74 50,498
Sodium borates do. 489 159,492 481 181,310
Bromine:
Compounds (contained bromine) thousand kilograms 16,946 26,445 13,351 21,750
Elemental do. 5,320 5,542 6,013 7,441
Calcium chloride metric tons 38,365 8,808 (@) (@)
Cement: Hydraulic and clinker thousand metric tons 747 48,720 625 47,772
Clays:
Ball do. 49 3,120 60 3,197
Bentonite do. 591 53,652 606 55,392
Fire clay do. 228 23,537 148 14,842
Fuller’s earth ) do. 27 4,022 63 7,632
Kaolin do. 3,000 490,869 2,984 488,053
Other (includes chamotte or dinas earth, activated clays and earths,
and artificially activated clays) do. 262 88,278 293 100,404
See footnotes at end of table.
SURVEY METHODS STATISTICAL SUMMARY OF NONFUEL MINERALS—1993
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TABLE 8—Continued
U.S. EXPORTS OF PRINCIPAL MINERALS AND PRODUCTS, EXCLUDING MINERAL FUELS

1992 1993
Mineral .
Quantity (thov:sl::ds) Quantity (mz::::ds)
INDUSTRIAL MINERALS—Continued
Diatomite thousand metric tons 163 $50,704 165 $49,874
Feldspar metric tons 17,700 2,212 17,669 1,835
Fluorspar do. 13,646 1,983 12,739 2,126
Gemstones (includes reexports):
Diamonds (excludes industrial diamond) carats 1,924,578 1,361,400 1,630,447 1,499,100
Other precious stones (cut but unset, or rough other than diamonds, pearls,
and synthetics) XX 241,200 XX 103,100
Synthetic XX 21,200 XX 19,300
Natural, cultured, and imitation pearls (not set or strung) XX 6,700 XX 7,300
Graphite:
Artifical (includes artifical, and colloidal or semicolloidal)® metric tons 34,487 32,689 17,358 11,149
Natural (amorphous, crystalline flake, lump or chip, and natural n.e.c.) do. 20,217 12,244 35,039 30,851
Gypsum:
Boards thousand metric tons 137 39,177 91 24,618
Crude do. 98 3,946 69 3,640
Plasters do. 137 22,303 156 21,173
Other do. XX 31,557 XX 28,198
Helium (Grade-A) million cubic meters 31 72,108 28 67,000
Iodine:
Crude-resublimed thousand kilograms 1,625 15,139 1,016 8,557
Potassium iodide do. 182 402 ' 203 1,178
Iron oxide pigments:
Pigment grade metric tons 21,117 32,173 22,368 32,022
Other grade do. 172,162 115,935 139,461 92,539
Lime do. 58,513 7,540 69,045 7,825
Lithium compounds:
Carbonate kilograms 8,225,957 27,008 6,255,942 22,238
Hydroxide do. 2,911,116 13,183 3,058,801 13,176
Metal do. 62,232 NA NA NA
Magnesium compounds:
Calcined dolomite metric tons 19,584 3,314 13,744 2,818
Caustic-calcined magnesia I do. 5,262 2,404 4,453 2,459
Compounds (chlorides, hydroxide and peroxide, and sulfates) do. 9,586 8,253 9,892 7,932
Dead-burned and fused magnesia do. 56,758 22,257 59,847 21,807
Magnesite (crude) do. 5,926 4,218 7,390 2,911
Other magnesia do. 19,075 11,540 22,014 11,148
Mica:
Scrap and flake:
Powder do. 3,954 2,054 4,614 2,604
Waste do. 475 204 335 99
Sheet:
Unworked do. 170 307 292 511
Worked do. 436 7,180 617 9,019
Nitrogen compounds (major):
Anhydrous ammonia thousand metric tons 431 NA 460 NA
See footnotes at end of table.
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TABLE 8—Continued

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

ICommodity coverage discontinued beginning 1993.
SArtificial graphite includes large amounts of materials made from petroleum coke.

SURVEY METHODS STATISTICAL SUMMARY OF NONFUEL MINERALS—1993

1992 1993
Minere Quantity @Zﬁfﬁdg Quantity (dll‘::;ds)
INDUSTRIAL MINERALS—Continued
Nitrogen compounds (major)—Continued:
Fertilizer materials thousand metric tons 12,205 NA 10,877 NA
Industrial chemicals : do. 142 $120,731 149 $119,075
Peat do. 22 NA 8 NA
Perlite (crude) metric tons 29,000 825 26,000 1,000
Phosphorus:
Diammonium and monoammonium phosphates thousand metric tons 9,161 NA 8,459 NA
Elemental phosphorous metric tons 17,880 32,784 18,353 32,188
Phosphate rock:
Ground thousand metric tons 288 NA 107 NA
Unground do. 3,689 NA 3,464 NA
Phosphoric acid do. 602 NA 498 NA
Superphosphates do. 1,114 NA 762 NA
Potash:
Potassium chloride (all grades) metric tons 708,474 NA 361,193 NA
Potassium magnesium sulfate do. 292,630 NA 332,855 NA
Potassium nitrate do. 18,597 NA 8,002 NA
Potassium sulfate do. 309,812 NA 223,180 NA
Pumice and pumicite thousand metric tons 11 341 °18 *462
Quartz crystal (cultured) thousand kilograms 15 1,278 24 2,264
Salt thousand metric tons 992 32,193 688 34,806
Sand and gravel:
Construction:
Gravel do. 550 5,364 534 4,995
Sand do. 870 12,599 597 10,599
Industrial do. 1,337 90,403 1,751 90,990
Sodium compounds: :
Soda ash do. 2,955 433,606 2,798 376,206
Sodium sulfate do. 155 11,865 89 8,540
Stone:
Crushed metric tons 3,656,800 43,400 4,824,400 39,300
Dimension NA 54,904 NA 57,888
Strontium compounds (precipitated carbonate, oxide, hydroxide, and peroxide)
kilograms 1,186,259 2,193 427,871 451
Sulfur:
Elemental thousand metric tons 966 69,662 656 39,726
Sulfuric acid (100% H,SO,) metric tons 139,456 11,867 141,800 11,169
Talc (excludes talcum in packages, face, and compact) thousand metric tons 175 30,070 135 27,167
Vermiculite do. ‘8 NA 7 NA
Total' XX 4,619,000 XX 4,517,000
—=== 3 ]
Grand total' XX 23,069,000 XX 26,904,000
Revised. NA Not available. XX Not applicable.
'Rounded.
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TABLE 9
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,

EXCLUDING MINERAL FUELS
1992 1993
Hinerd Quantity (mz::::ds) Quantity (mz:::ds)
METALS
Aluminum:
Aluminum oxide (alumina) thousand metric tons 4,701 $886,613 3,936 $754,452
Crude and semicrude metric tons 1,724,624 2,462,070 2,544,954 3,260,523
Manufactures do. 47,204 147,566 55,977 162,959
Antimony:
Metal do. 15,100 26,077 14,364 25,594
Ore and concentrate (antimony content) do. 1,923 3,710 543 1,066
Oxides (antimony content) do. 14,181 22,619 16,037 24,847
Arsenic:
Acid do. 40 34 — -
Metal do. 740 2,550 767 2,401
Sulfides do. ) 31 - —_
Trioxide do. 30,671 16,342 27,530 15,871
Bauxite:
Calcined thousand metric tons 346 23,289 237 16,998
Crude and dried do. 10,939 NA 11,621 NA
Beryllium:
Beryl metric tons 61 NA 58 NA
Metal and compounds kilograms 108,392 1,237 116,102 1,694
Bismuth metals and alloys do. 1,620,534 7,681 1,334,647 6,252
Cadmium metal metric tons 1,958 3,842 1,415 1,689
Chromium:
Chemicals do. 9,948 20,278 15,464 21,733
Chromite ore do. 219,474 15,299 254,802 16,506
Ferrochromium (all grades) do. 410,798 235,140 387,015 183,816
Metals and alloys (metal [waste and scrap and other], and
ferrochroumim-silicon) do. 14,830 44,027 14,921 44,082
Pigments and preparations based chromium do. 6,943 15,308 4,981 12,693
Cobalt:
Metal (alloys, articles, matte, wrought, and waste and scrap) do. 805 19,200 752 16,900
Metal (unwrought, excluding alloys and waste and scrap) do. 5,274 246,393 5,388 166,284
Oxide and hydroxides do. 431 18,651 444 12,612
Other forms (acetates, carbonates, chlorides, and sulfates) do. 629 71,779 842 7,315
Columbium:
Ferrocolumbium thousand kilograms 3,767 31,075 3,367 28,997
Ores and concentrates do. 2,428 8,764 2,348 8,614
Oxide do. 792 13,473 301 5,392
Unwrought (alloys, metals, and powders) do. 1 101 111 2,381
Copper:
Scrap (alloyed and unalloyed) metric tons 168,750 284,144 199,847 307,186
Semimanufactures (bare wire [includes wire rod], bars, cable
[stranded], foil, hydroxides, oxides, pipes, plates, tubing,
sheets, and wire [stranded]) do. 67,507 275,504 73,774 266,836

See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,

EXCLUDING MINERAL FUELS
1992 1993
Minere Quantity (mz:sl::ds) Quantity (th:u.:::ds)
METALS—Continued
Copper—Continued:
Sulfate metric tons 8,290 NA 9,431 NA
Unmanufactured (anode, ash, blister, concentrates, matte, ore,
precipitates, and refined, copper content) do. 457,233 $923,815 480,251 $919,870
Gallium (unwrought, waste and scrap) kilograms 8,479 3,126 15,585 4,128,242
Germanium materials do. 13,229 4,871 15,499 5,295
Gold:
Bullion (refined) do. 141,251 1,568,186 130,045 1,495,434
Doré and precipitates do. 17,092 175,542 12,539 134,904
Ore and concentrates do. 351 3,877 1,240 13,531
Waste and scrap do. 15,649 66,376 25,480 65,360
Hafnium (unwrought, and waste and scrap) metric tons 2 431 3 669
Indium (unwrought, and waste and scrap) kilograms 54,417 10,824 73,426 11,464
Iron ore:
Pellets thousand metric tons 8,880 314,372 9,794 332,973
Usable (agglomerates, byproduct ore, concentrates, and direct-
shipping ore, [less than 5% manganese]) do. 12,504 395,791 14,097 420,799
Iron and steel:
Direct-reduced iron ‘ metric tons 544,715 56,445 924,046 90,796
Ferroalloys not elsewhere listed: )
Ferrophosphorus do. 7,492 1,920 9,973 2,325
Ferrotitanium and ferrosilicon-titanium do. 1,357 3,202 45,428 8,068
Ferrozirconium do. 1 2 267 506
Ferroalloys (n.e.c.) do. 16,518 23,830 16,521 34,909
Pig iron do. 496,547 72,784 828,168 116,736
Products:
Cast thousand metric tons 191 196,428 228 217,478
Fabricated do. 1,762 2,887,517 2,054 3,756,072
Steel mill do. 15,490 7,892,621 17,691 8,626,028
Other steel do. NA NA 28 59,709
Scrap:
Iron and steel do. 1,316 147,616 1,545 175,825
Ships, boats, and other vessels for scrapping do. Q) 31 ® 82
Used rails for rerolling and other uses do. 78 15,583 70 13,571
Stainless steel (bars, pipe, plate, semifinished, shapes, sheet, strip,
tube, wire and wire rods) metric tons 400,077 NA 611,030 NA
Lead: ’
Base bullion (lead content) do. 218 94 18 62
Ore and concentrates (lead content) do. 5,310 3,422 483 347
Pigments and compounds do. 30,239 36,197 30,892 33,640
Pigs and bars (lead content) do. 190,723 106,433 195,572 85,100
Scrap (reclaimed, includes ash and residues, lead content) do. 236 65 90 39
Wrought (all forms, including wire and powders, gross weight) do. 7,094 10,548 6,889 10,288
See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,

EXCLUDING MINERAL FUELS
1992 1993
Miners Quantity (mz::::ds) Quantity (mZ:::ds)
METALS—Continued
Magnesium:
Alloys (magnesium content) metric tons 3,839 $14,545 8,084 $27,544
Metal do. 4,244 11,030 24,236 53,100
Powder, sheets, tubing, ribbons, wire, and other forms (magnesium
content) do. 1,336 4,281 1,469 4,622
Waste and scrap do. 2,425 2,821 3,459 4,522
Manganese:
Chemicals (manganese dioxide and potassium permanganate) do. 22,193 33,024 25,397 38,200
Metal ) do. 13,952 21,991 15,124 22,476
Ore and concentrates (manganese content) do. 240,800 59,934 231,540 49,855
Ferromanganese (all grades, manganese content) do. 476,940 333,631 541,939 335,190
Silicomanganese (manganese content) do. 169,047 118,464 208,266 133,413
Mercury (metal, mercury-bearing waste and scrap) do. 92 403 40 143
Molybdenum (molybdenum content):
Ferromolybdenum do. 1,096 6,974 2,190 12,725
Molybdates (all) do. 86 763 317 2,634
Ore and concentrates do. 831 4,081 3,398 16,976
Oxides and hydroxides (gross weight) do. 1,032 3,928 622 2,875
Powder do. 52 1,784 52 2,086
Unwrought do. 46 1,437 136 1,753
Wire (gross weight) do. 1 177 3 308
Wrought (gross weight) do. 46 3,004 49 3,426
Other (inorganic compounds, orange, waste and scrap, and other,
gross weight) do. 1,029 4,476 1,879 5,549

Nickel (nickel content):
Alloyed (bars, foil, ingot [unwrought], pipes, profiles, rods, sheets,

strips, tubes, wires, and other articles) do. 5,944 72,517 7,049 80,827
Ore do. 3,584 w 2,966 w
Unwrought:

Primary (briquets, cathodes, chemicals [catalysts and salts],
ferronickel, flakes, oxide [metallurgical grade], pellets, powder

and shot) do. 118,760 871,086 126,352 739,305
Secondary (scrap [stainless steel and waste]) do. 9,506 47,791 6,713 39,305
Wrought (bars, foil, pipes, profiles, rods, sheets, strips, tubes, and

wire) do. 951 15,319 991 15,436

Platinum-group metals (iridium, ores, osmium, palladium, platinum,
rhodium, ruthenium, ores, and waste and scrap) kilograms 132,006 1,483,680 153,165 1,310,895

Rare-earth metals (rare-earth oxide content):

Cerium compounds (includes chlorides, hydroxides, nitrates, oxides,

oxilate, and sulfates) do. 806,241 8,010 1,267,784 10,025
Compounds (includes hydroxides, nitrates, oxides, and others,

except chlorides) do. 4,132,819 34,572 4,976,002 39,401
Chloride mixtures (except cerium chloride) do. 1,583,402 7,692 2,355,802 8,088
Ferrocerium and other pyrophoric alloys do. 105,630 1,613 118,082 1,654
Oxide mixtures (except cerium oxides) do. 294,971 14,853 249,493 10,557
Rare-earth metals (whether intermixed or alloyed) do. 293,093 3,167 195,866 2,644

See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,

EXCLUDING MINERAL FUELS
1992 1993
Hinere Quantity (mov:sl::ds) Quantity (thuasl::ds)
METALS—Continued
Rhenium:
Ammonium perrhenate kilograms 5,694 $2,833 3,168 $1,601
Metal do. 6,385 7,522 2,698 3,333
Selenium: (selenium content)
Selenium dioxide do. 9,484 196 14,518 143
Unwrought, and waste and scrap do. 361,043 6,776 367,195 6,884
Silicon:
Ferrosilicon metric tons 247,601 113,911 20,014 110,528
Metal do. 32,716 92,734 72,232 125,613
Silver:
Bullion (refined) kilograms 2,661,622 340,898 2,183,146 296,716
Doré and precipitates do. 528,715 102,118 281,217 78,590
Ore and concentrates do. 25,352 3,885 35,692 6,405
Waste and scrap do. 1,774,085 54,492 1,270,486 46,036
Tantalum:
Ores and concentrates (includes synthetic) thousand kilograms 1,367 35,600 1,294 32,740
Unwrought (alloys, metal, powders, and waste and scrap) do. 103 5,757 165 14,770
Wrought do. 2 768 3 547
Tellurium (unwrought, and waste and scrap) kilograms 48,384 3,700 44,997 3,183
Thallium (unwrought waste and scrap) do. 838 NA 273 35
Thorium:
Compounds do. 13,505 526 18,330 479
Ore metal (excludes monazite) do. 186,803 36 - —
Tin:
Compounds metric tons 510 3,883 431 3,145
Metal (unwrought) do. 27,314 163,023 33,682 174,497
Miscellaneous tin and tin manufactures (alloys [n.s.p.f.], dross,
flitters, foil, metallics, powder, residues, scrap, skimmings, and
manufactures [n.s.p.f.]) do. XX 60,208 XX 30,305
Tinplate and terneplate do. 295,231 200,534 237,356 160,714
Tinplate scrap do. 28,500 7,070 12,559 1,424
Titanium:
Concentrates:
Ilmenite do. 294,585 20,414 301,447 18,426
Rutile (natural and synthetic) do. 317,399 129,758 371,481 135,028
Titaniferous iron ore do. 32,381 1,564 66,253 2,854
Titanium slag do. 537,118 155,943 475,522 150,401
Metal:
Ingots and billets do. 241 2,062 272 3,034
Powder do. 50 886 37 813
Unwrought do. 684 5,363 2,163 10,473
Waste and scrap do. 6,257 19,436 5,519 18,105
Wrought (bars, castings, foil, pipes, plates, profiles, rods, sheet,
strip, tubes, wire, and other) do. 456 12,830 600 17,237
Other (includes bars, blooms, sheet, slabs, and other unwrought)
do. 78 491 131 761
Pigments (dioxides and oxides) 169,260 284,843 171,939 284,046

See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,
EXCLUDING MINERAL FUELS

1992 1993
Miners Quantity (dlll:sl::ds) Quantity (th;,:sl::ds)
METALS—Continued
Tungsten (tungsten content):
Ammonium paratungstate metric tons 378 $2,647 1,176 $6,481
Ferrotungsten do. 414 2,194 652 2,827
Miscellaneous tungsten-bearing materials (carbide, chlorides, oxides,
unwrought, tungstates [calcium and sodium], waste and scrap,
wrought, and other tungsten-bearing material) do. 3,375 50,152 3,960 42,306
Ore and concentrates do. 2,477 16,265 1,721 7,843
Vanadium:
Ferrovanadium (vanadium content) kilograms 592,490 7,038 1,627,897 12,235
Pentoxide (anhydride, vanadium content) do. 205,956 1,364 69,830 381
Vanadium-bearing materials (ash, residues, slag, other [includes spent
catalyst], pentoxide content) do. 1,495,199 3,500 2,594,973 3,316
Zinc:
Compounds (chloride, lithopone, oxide, sulfate, sulfide, and
compounds n.s.p.f.) metric tons 49,072 59,594 48,572 53,210
Zirconium:
Ore and concentrates do. 37,439 6,906 70,035 9,323
Unwrought and waste and scrap do. 115 821 121 1,164
TotalP XX 24,938,000 XX 30,989,000
INDUSTRIAL MINERALS
Abrasive materials (natural and artificial) XX 482,134 XX 529,003
Asbestos (unmanufactured) metric tons 31,602 7,210 30,840 6,956
Barite:
Barium chemicals do. 32,173 24,322 30,347 24,520
Crude and ground do. 353,665 17,324 803,766 34,180
Boron (contained boric oxide):
Borax thousand metric tons 16 5,328 40 1,226
Boric acid do. 6 4,337 17 11,910
Colemanite do. 30 16,050 90 48,600
Ulexite do. 42 11,340 149 40,677
Bromine:
Compounds (contained bromine) thousand kilograms 14,646 32,559 18,399 47,741
Elemental do. 851 522 850 513
Calcium:
Metal kilograms 815,264 4,452 Q) @)
Chloride (crude) metric tons 128,253 17,653 Q) Q)
Other compounds do. 69,818 32,825 (@) (@)
Cement: Hydraulic and clinker thousand metric tons 6,166 297,174 7,060 331,337
Clays:
Kaolin (China clay) do. 4,221 2,122 7,622 3,461
Fire clay do. 8,089 937 1,096 282
Fuller’s earth and decolorizing earths do. 160 31 101 29
Bentonite do. 2,527 1,257 1,994 664
Ball and common blue clay do. 753 262 687 228
Other (chamotte or dina’s earth, artifically activated clay and
activated earth) do. 25,553 10,926 27,930 12,900
See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,
EXCLUDING MINERAL FUELS
1992 1993
Hiner! Quantity (m:),:sl::ds) Quantity (mr::zds)
INDUSTRIAL MINERALS—Continued
Diatomite metric tons 182 $128 1,882 $338
Feldspar do. 12,965 923 7,054 514
Fluorspar:
Aluminum fluoride do. 32,274 29,268 39,397 31,119
Cryolite do. 4,067 3,897 3,780 3,070
Fluorspar do. 407,239 42,505 398,322 38,761
Hydrofluoric acid do. 67,135 67,051 62,949 59,977
Gemstones (diamonds, emeralds, coral and similar materials, jade, rubies
and sapphires, pearls, and other precious and semiprecious stones) XX 4,948,722 XX 5,850,894
Graphite:
Natural (amorphous, crystalline flake, lump or chippy dust, and other
nautral [crude and refined]) metric tons 49,744 25,538 52,172 29,850
Electrodes (electric furnace) do. 27,388 43,740 33,989 57,778
Gypsum:
Boards thousand metric tons 96 8,803 171 16,241
Crude do. 7,180 52,972 7,393 58,221
Plasters do. 6 660 23 1,665
Other do. XX 33,600 XX 34,870
Iodine:
Crude thousand kilograms 3,652 32,911 3,501 27,673
Potassium iodide do. 93 891 114 997
Iron oxide pigments:
Natural metric tons 3,428 1,383 4,837 1,376
Synthetic do. 41,648 48,487 38,778 55,943
Kyanite (andalucite) do. 6,380 1,126 12,201 2,134
Lime:
Hydrated do. 40,877 3,661 45,468 3,301
Quicklime do. 151,918 11,322 155,119 9,998
Lithium:
Carbonate kilograms 4,052,048 10,617 4,288,561 12,120
Hydroxide do. 36,430 294 23,794 238
Magnesium compounds:
Calcined dolomite metric tons 23,904 3,245 35,796 4,430
Caustic-calcined magnesia do. 83,051 12,309 140,654 15,709
Compounds (chlorides, hydroxide, peroxide, and sulfates) do. 28,475 5,817 34,043 6,138
Dead-burned and fused magnesia do. 210,415 37,928 279,321 48,673
Magnesite (crude) do. 3,407 623 332 251
Other magnesia do. 3,284 6,160 5,119 6,265
Mica:
Scrap and flake:
Powder do. 11,568 7,479 13,098 8,070
Waste do. 3,786 974 4,765 1,307
Sheet:
Unworked do. 2,054 2,011 2,956 2,524
Worked do. 1,407 9,011 1,352 9,338
Nepheline syenite (crushed and ground) do. 335,000 14,749 289,000 15,447
See footnotes at end of table.
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TABLE 9—Continued
U.S. IMPORTS FOR CONSUMPTION OF PRINCIPAL MINERALS AND PRODUCTS,
EXCLUDING MINERAL FUELS

1992 1993
Mineral
Quantity (m:)/:sl::ds) Quantity @Zﬂ:ﬁds)
NDUSTRIAL MINERALS—Continued

Nitrogen compounds:

Anhydrous ammonia thousand metric tons 3,271 $365,826 3,233 $414,669

Fertilizer materials do. 6,505 818,978 8,269 1,090,257

Industrial chemicals do. 49 47,321 51 48,789
Peat moss (poultry and fertilizer grade) do. 638,671 110,749 647,921 118,286
Perlite (crude) metric tons 65,000 *1,900 70,000 2,000
Phosphate rock and phosphate materials thousand metric tons 1,560 74,582 632 56,044
Potash:

Potassium chloride metric tons 6,869,502 551,808 7,050,036 548,639

Potassium nitrate do. 39,067 11,267 28,140 7,827

Potassium sodium nitrate mixtures do. 36,914 5,581 38,907 5,971

Potassium sulfate do. 67,746 11,779 87,308 15,437
Pumice:

Crude or unmanufactured thousand metric tons 254 6,785 142 6,429

Wholly or partially manufactured do. 3 1,230 1 635
Salt do. 5,394 87,714 5,868 99,963
Sand and gravel:

Construction do. 1,311 15,463 1,316 15,445

Industrial do. 164 2,454 44 2,439
Sodium compounds:

Soda ash do. 72 12,772 89 17,084

Sodium sulfate do. 158 13,444 163 13,637
Stone:

Crushed and calcium carbonate fines thousand metric tons 7,000 60,700 8,400 74,300

Dimension NA 403,922 NA 397,821
Strontium:

Celestite (strontium sulfate) metric tons 44,810 3,026 26,367 1,930

Compounds (carbonate and nitrate) kilograms 22,370,558 13,877 26,302,881 15,826
Sulfur:

Elemental thousand metric tons 2,725 129,894 2,039 49,627

Sulfuric acid (100% H,SO,) metric tons 1,985,414 68,496 2,438,592 70,698
Talc (unmanufactured) do. 79,560 12,408 99,806 10,762
Vermiculite thousand metric tons *40 NA 30 NA

Total? XX 9,270,000 XX 10,594,000

Grand total® XX 34,208,000 XX 41,583,000
Revised. NA Not available. XX Not applicable.
!Less than 1/2 unit.
ZRounded.

*Commodity coverage discontinued beginning 1993.
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TABLE 10
COMPARISON OF WORLD AND U.S. PRODUCTION OF SELECTED
NONFUEL MINERAL COMMODITIES

(Metric tons unless otherwise specified)

1992 1993
Mineral World us.  US-perent gy us.  US; pervent
. . of world . el . of world
production® production production production' production production
METALS, MINE BASIS

Antimony® 75,011 w NA 73,288 w NA
Arsenic trioxide 48,197 — - 47,740 - -
Bauxite® thousand tons 101,145 w NA 105,550 w NA
Beryl* 6,952 4,826 69 6,766 4,939 3
Chromite thousand tons 10,993 —_ —_ 10,001 —_ -
Cobalt* ¢ 27,131 - - 22,224 - -
Columbium-tantalum concentrate (gross weight)® 37,118 — - 30,513 - -
Copper® thousand tons 9,453 1,765 19 9,352 1,801 19
Gold? kilograms 2,298,809 330,212 14 2,330,321 331,013 14
Iron ore (gross weight) thousand tons 963,159 55,593 6 988,797 55,651 6
Lead® do. 3,109 407 13 2,926 362 12
Manganese ore (gross weight) do. 21,608 — — 21,757 - -
Mercury 2,108 64 3 2,563 w NA
Molybdenum? 107,610 49,725 46 95,286 36,803 39
Nickel? 974,342 %,671 1 899,149 92,464 O
Platinum-group metals kilograms 281,438 8,310 3 250,718 8,300 3
Silver® 14,737 1,804 12 14,089 1,645 12
Tin® 178,365 w NA 178,207 w NA
Titanium concentrates (gross weight):

Ilmenite (including leucoxene) thousand tons 3,384 w NA 3,579 w NA

Rutile do. 453 w NA 464 w NA
Tungsten? 37,452 w NA 29,509 w NA
Vanadium? 28,150 1,347 5 28,937 2,867 10
Zinc? thousand tons 7,227 552 8 6,895 513 7

METALS, REFINERY BASIS
Aluminum do. 19,467 4,042 21 19,816 3,695 19
Bismuth 3,164 w NA 3,351 w NA
Cadmium 20,201 1,620 8 18,913 1,094 6
Cobalt 21,901 - - 16,893 - -
Copper (primary and secondary)® thousand tons 11,163 2,144 19 11,375 2,253 20
Lead (primary and secondary)’ do. 5,517 1,221 22 5,420 1,239 23
Magnesium (primary) 306,381 136,947 45 283,944 132,144 47
Nickel'® 885,322 8,962 1 806,972 4,878 1
Selenium® kilograms 1,732,169 242,797 14 1,709,848 283,248 17
Tellurium* do. 97,585 w NA 87,398 w NA
Tin" 198,015 w NA 192,992 w NA
Zinc (primary and secondary) thousand tons 7,136 400 6 17,177 382 5
IRON AND STEEL

Direct-reduced iron thousand tons 20,883 390 2 23,816 440 2
Iron, pig do. 496,395 47,371 10 504,091 48,155 10
Steel, raw do. 722,384 84,322 12 725,129 88,793 12

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

(Metric tons unless otherwise specified)

1992 1993
Mineral World us. U percent World us. U percent
I . of world . et . of world
production” production production production production production
INDUSTRIAL MINERALS

Asbestos thousand tons 3,271 216 O 2,775 214 ¢)
Barite do. 5,118 12326 6 4,890 2315 6
Boron minerals do. 2,660 121,009 38 2,178 121,055 48
Bromine 392,703 12171,000 44 392,650 *12177,000 45
Cement, hydraulic'? thousand tons 1,241,217 71,426 6 1,300,643 *72,400 6
Clays: '

Bentonite* do. 8,292 2,954 36 7,949 3,093 39

Fuller’s earth® do. 3,572 122,413 68 3,613 122,454 68

Kaolin* do. 22,726 128 735 38 24,568 128,958 36
Diamond, natural thousand carats 105,521 — - 107,620 - -
Diatomite thousand tons 1,506 12505 40 1,463 12599 41
Feldspar do. 6,035 725 12 6,009 770 13
Fluorspar do. 4,054 *351 1 4,031 *360 1
Graphite, natural 755,905 — — 741,040 — —
Gypsum thousand tons 101,671 14,759 15 103,203 15,812 15
Iodine, crude 16,581 1,995 12 16,625 1,935 12
Lime!® thousand tons 125,955 216,227 13 124,395 216,959 14
Magnesite, crude do. 10,501 w NA 10,136 w NA
Mica (including scrap and flake) 199,502 85,338 43 190,314 87,931 46
Nitrogen: N content of ammonia thousand tons 93,253 £1413,643 15 91,497 1412,865 14
Peat'’ do. 153,798 599 ) 140,288 616 0
Perlite* 1,538,417 r12541,000 35 1,584,722 12568,600 36
Phosphate rock (gross weight) thousand tons 146,004 46,965 32 131,641 35,494 27
Potash (K,O equivalent) do. 24,044 1,705 7 20,864 1,506 7
Pumice'® do. 10,758 12481 4 10,735 12469 4
Salt' do. 181,270 34,829 19 186,190 38,710 21
Sand and gravel, industrial (silica)* do. 108,305 r1225,195 23 108,053 1226,220 24
Sodium compounds, n.e.s. (natural and manufactured):

Soda ash do. 31,712 9,379 30 31,136 8,959 29

Sulfate do. 4,405 609 14 4,356 651 15
Strontium* 139,223 - - 145,828 - -
Sulfur, all forms thousand tons 52,740 10,663 20 52,270 10,959 21
Talc and pyrophyllite?’? do. 8,756 997 11 8,696 968 11
Vermiculite 470,075 12190,000 40 489,334 12190,000 39
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

“Estimated. Revised. NA Not available. W Withheld to avoid disclosing company proprietary data.

"The world production totals on commodities for which U.S. data are withheld exclude U.S. production; therefore percent of world production cannot be reported.

2Content of ore and concentrate.

3U.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
basis, but for some countries available data are insufficent to permit this adjustment.

“World total does not include an estimate for output in China.

SShipments.

SWorld total does not include estimates for output in the former U.S.S.R. or China.

7Less than 1/2 unit.

*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.

?Includes bullion.

19Refined nickel plus nickel content of ferronickel, nickel oxide, and other nickel salts.

"ncludes tin content of alloys made directly from ore.

2Quantity sold or used by producers.

3Data for the United States include Puerto Rico.

MSynthetic anhyd i ludes coke oven byproduct ammonia.

5Data for the United States exclude proprietary amounts of fuel peat.

1$World total does not include an estimate for output in the former U.S.S.R.

YData for the United States exclude proprietary pyrophyllite production.
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FIGURE 1
Form 6- 1066-M TYPICAL SURVEY FORM OMEBNo 1032-000¢

Approval Expires: 12/31/33

Fer. (6~91;
. INDIVIDUAL COMPANY
(OO DATA-PROPRIETARY
’ £ Unless authorization 1s granted in the
\)’:‘ UNITED STATES section above the signature. the data
o 12 DEPARTMENT OF THE INTERIOR turnished in this report will be treated
-/§/ AO3 BUREAU OF MINES in confidence by the Department of

';,/,;/ the Interior, except that they mav bs

év % 0
04::‘_*_»:_&{"‘:‘\/‘@" WASHINGTON, D.C. 20241 disclosed to Federal defense agencies
U of ot 1o the Congress upon official request
IRON ORE (Usable ore) for appropriate purposes.

FACSIMILE NUMBER
1-800-543-0661

(Please ,'correct if name or address has changed.)

Public reporting burden for this collection of information is estimated to average 30 MINUTES per response, including the time for reviewing instructions.
searching data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding
this burden estimate or any other aspect of this collection of information, including suggestions for reducing thic burden to: Bureau of Mines, Branch of
Statistics and Methods Develop . Washington D.C. 20241; and Office of. Information and Regulatory Affairs. Office of Management and Budget,
Washington D.C. 20503,

Please complete and return this form in the enclosed envelope by the 15th of the month foliowing the report beriod.
Additiona! forms are available upon request.

In compieting this form, reasonabie estimates may be used wherever exact figures are not available. Use zero {0) when appropriate.
DO NOT REPORT DECIMALS OR FRACTIONS.

“Collection of non-fuel minerals information is authorized by Public Law 96-479 and the Defense Production Act. This information
i1s used to support executive policy decisions pertaining to emergency preparedness and defense and analyses for minerals legislatior
and industrial trends. The Bureau relies on your voluntary and timely response to assure that its information is complete and accurate.”

SECTION 1. Mine or group covered by this report.
Name State County

SECTION 2. Stocks, production, and shipments of usable ore for the report month.
Report only ore products as shipped to consumer, such as direct-shipping ore. concentrates, or agglomerates.
Report ores produced in the United States only; do not include imports.

T - T
! | Weight unit i Physical inventory ' Beginning | Ending
Usable ore | I Mark (X) one: Adjusiment only stocks : Proguction H Shipments stocks
m | Code | @ i (3 ! (2] : 5 i 6) ' 7
o +

i

|

!

! !
Iron ore

(Coritaining less ! *

i :

than 5% Mn, natural) .| 201 ! | !

tons

SECTION 3. Please indicate any mines opened or closed by your company during the month.

Remarks:

Name of person to be contactea regarding this report Tel. area code Nc. ! Ext.
Address No. Street 1 City State fZip
May tabulations oe published which could indirectly reveal the data reported above’ 1) Yes (2 No
Signeture Titie Cate
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MINING AND QUARRYING TRENDS IN THE METALS
AND INDUSTRIAL MINERALS INDUSTRIES

By Donald P. Mickelsen and Jean K. Moore

Mr. Mickelsen, a supervisory data analyst with 22 years of U.S. Bureau of Mines experience, has been with the Branch
of Data Collection and Coordination since 1991. Survey data were prepared by Miss Moore, an industry data analyst with
23 years of U.S. Bureau of Mines experience.

The mining and quarrying trends data
shown in this report were reported to the
U.S. Bureau of Mines (USBM) by
mining and quarrying companies on the
Mine Information Supplement survey, as
well as by mineral producers on 58
annual USBM production and
consumption surveys covering 59 nonfuel
mineral commodities. The 1993 data,
presented in the tables of this chapter,
were processed for the first time using
the USBM Automated = Mineral
Information System.

Domestic mining of nonfuel mineral
materials totaled 3.7 billion metric tons in
1993, including 2.2 billion tons of crude
ore mined or quarried and 1.5 billion tons
of mine waste and ore from development.
This was an overall increase of 11% over
that of 1992. These data do not include
construction sand and gravel which until
1993 has been surveyed biennially.
Starting in 1994, construction sand and
gravel and the stones, which were also
surveyed biennially, will be surveyed
annually.

Of the nonfuel mineral materials
mined, 57% was for the production of
metals and 43 % was for the production of
industrial minerals. Crude ore mining
alone increased 24% for industrial
minerals but remained practically
unchanged for metals.

Surface mining and quarrying of
nonfuel materials increased overall 9% to
3.6 billion tons and underground mining
although small, almost doubled,
increasing to 129 million tons. Surface
mining for industrial minerals totaled 1.5
billion tons, of which 1.2 billion tons was
crude ore mined and the remainder was

waste and ore from development.
Underground mining for industrial
minerals was minor, amounting to 94
million tons, practically all of which was
crude ore.

Surface mining for metal ores totaled
2.1 billion tons, of which about 921
million tons amounted to crude ore
mined, while the remaining 1.1 billion
tons was waste and ore from
development. Underground mining of
metal ores was small, amounting to 35
million tons, almost all of which was
crude ore.

The major States in which mining for
nonfuel materials occurred were Nevada,
Arizona, Florida, Minnesota, and
California. These States accounted for
slightly over one-half of the mining
conducted in the United States and three
of these five States have shown
significant decreases from mining in the
previous year. Virtually all of the mining
in these five States was surface mining.

The overall average value of mineral
products of surface and underground
nonfuel minerals mined in the United
States remained virtually unchanged at
$10.23 per ton. The average value of
principle mineral products, including
industrial sand and gravel and stone,
increased slightly to $9.47 per ton while
mineral byproducts were valued at $0.76
per ton. Average values for metal ore
products increased slightly to $11.68 per
ton overall, $10.74 for principle mineral
products, and, $0.93 for byproducts;
average values for industrial mineral
products also increased slightly to $9.22
per ton overall, $8.57 for principle
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TABLE 1
MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES IN THE UNITED STATES, BY TYPE

(Million metric tons)

Type and year Surface® Underground? All mines®
Crude ore Waste* Total® Crude ore  Waste* Total® Crude ore Waste* Total
Metal:
1989 725 1,009 1,734 45 5 50 770 1,013 1,783
1990 706 1,219 1,925 54 4 57 760 1,222 1,982
1991 737 1,313 2,050 2 2 74 809 1,315 2,124
1992* 916 1,078 1,994 36 2 38 953 1,080 2,032
1993 921 1,138 2,060 34 2 35 955 1,140 2,095
Industrial minerals:
1989 S 1,354 525 1,878 59 2 62 1,413 527 1,940
1990~ ¢ 1,088 93 1,181 43 0O 44 1,131 94 1,225
1991° 1,211 132 1,342 62 9] 62 1,272 132 1,404
19927 ¢ 996 267 1,263 36 ¢ 37 1,033 267 1,300
1993 1,184 310 1,494 93 O 94 1,277 311 1,588
All mineral commodities: ]
1989* 2,079 1,534 3,612 104 7 112 2,183 1,540 3,723
1990° 1,794 1,312 3,106 97 4 101 1,891 1,316 3,207
1991 1,948 1,445 3,392 134 2 136 2,081 1,447 3,528
1992r 1,913 1,345 3,257 73 2 75 1,985 1,347 3,332
1993 2,105 1,449 3,554 127 2 129 2,232 1,451 3,683
"Revised.
!Includes materials from wells, ponds, and pumping operations.
?Includes solution mining.

3Data may not add to totals shown because of independent rounding.

“Includes ore and waste from development operations.

SConstruction sand and gravel data were not available b of biennial canvassing.
SCrushed and broken and dimension stone data were not available b of biennial c:
"Less than 1/2 unit.
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TABLE 2
MATERIAL HANDLED AT SURFACE AND UNDERGROUND MINES IN
THE UNITED STATES IN 1993, BY COMMODITY AND STATE!

(Thousand metric tons)

Surface? Underground® All mines
Crude ore Waste* Total Crude ore  Waste* Total Crude ore Waste* Total
METALS
Copper 469,186 237,811 706,997 w w w 469,186 237,811 706,997
Gold 245,883 778,441 1,024,324 2,531 426 2,957 248,414 778,867 1,027,281
Iron 181,297 102,771 284,068 w — w 181,297 102,771 284,068
Lead — — — 4,008 337 4,344 4,008 337 4,344
Nickel 355 178 533 - — - 355 178 533
Zinc w w w 5,942 355 6,298 5,942 355 6,298
Other® 24,545 19,243 43,788 21,338 476 21,815 45,883 19,720 65,603
Total 921,266 1,138,444 2,059,710 33,819 1,594 35,414 955,085 1,140,039 2,095,124
INDUSTRIAL MINERALS
Asbestos 60 10 70 - — — 60 10 70
Barite 622 526 1,147 — — — 622 526 1,147
Clays 37,739 32,830 70,569 86 w 86 37,825 32,830 70,655
Feldspar® 776 w 776 — - - 776 w 776
Gypsum 13,481 6,525 20,006 2,552 6 2,557 16,033 6,531 22,564
Magnesium compounds 1,618 w 1,618 —_ —_ - 1,618 w 1,618
Mica (scrap) 420 w 420 — — - 420 w 420
Perlite 761 89 850 w w w 761 89 850
Phosphate rock 35,521 w 35,521 w - w 35,521 w 35,521
Potash w —_ w 7,396 - 7,396 7,396 - 7,396
Pumice’ 470 67 536 - - - 470 67 536
Salt 5,802 - 5,802 27,641 - 27,641 33,442 - 33,442
Sand and gravel (industrial) 26,295 w 26,295 —_ - —_ 26,295 w 26,295
Sodium compounds —_ —_ —_ 8,172 - 8,172 8,172 —_ 8,172
Stone:
Crushed 1,042,546 85,885 1,128,431 46,874 328 47,201 1,089,420 86,212 1,175,632
Dimension 1,192 601 1,793 w - w 1,192 601 1,793
Talc and pyrophyllite 919 4,718 5,637 w w w 919 4,718 5,637
Vermiculite 190 - 190 - - - 190 - 190
Other® 15,560 178,822 194,384 644 134 780 16,205 178,956 195,164
Total 1,183,972 310,073 1,494,045 93,365 468 93,833 1,277,337 310,540 1,587,878
Grand total 2,105,238 1,448,517 3,553,755 127,184 2,062 129,247 2,232,423 1,450,579 3,683,002
STATES
Alabama 31,853 4,580 36,433 w - w 31,853 4,580 36,433
Alaska 11,281 19,735 31,016 w w w 11,281 19,735 31,016
Arizona 363,146 w 363,146 w w w 363,146 w 363,146
Arkansas 25,276 4,734 30,010 - - - 25,276 4,734 30,010
California 79,902 88,762 168,665 514 w 514 80,416 88,762 169,179
Colorado 14,418 w 14,418 w w w 14,418 w 14,418
Connecticut 5,387 488 5,876 — - - 5,387 488 5,876
Florida 97,662 w 97,662 253 2 255 97,915 2 97,917
Georgia 51,776 12,672 70,448 2,354 16 2,371 60,130 12,689 72,819
Hawaii 8,881 710 9,591 - - — 8,881 710 9,591
Idaho 13,828 10,814 24,642 w w w 13,828 10,814 24,642
Illinois 62,817 5,342 68,159 4,074 w 4,074 66,891 5,342 72,233

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 1993, BY COMMODITY AND STATE!

(Thousand metric tons)

Surface Underground® All mines
Crude ore  Waste* Total Crude ore  Waste* Total Crude ore Waste* Total
STATES—Continued

Indiana 35,479 3,400 38,879 3,345 w 3,345 38,824 3,400 42,224
Towa 24,232 4,014 28,246 6,958 43 7,001 31,190 4,057 35,248
Kansas 19,249 1,908 21,157 3,358 w 3,358 22,607 1,908 24,515
Kentucky 37,452 3,686 41,137 12,539 88 12,627 49,991 3,773 53,764
Louisiana 4,210 394 4,604 11,375 - 11,375 15,585 394 15,980
Maine 1,860 170 2,030 - - - 1,860 170 2,030
Maryland 20,843 1,907 22,751 w w w 20,843 1,907 22,751
Massachusetts 8,805 793 9,599 - - - 8,805 793 9,599
Michigan 75,947 51,006 126,953 w w w 75,947 51,006 126,953
Minnesota 152,529 57,172 209,701 — - — 152,529 57,172 209,701
Mississippi 3,232 1,121 4,353 - - - 3,232 1,121 4,353
Missouri 49,740 5,276 55,016 10,173 436 10,609 59,913 5,712 65,625
Montana 41,066 66,983 108,048 1,363 w 1,363 42,429 66,983 109,411
Nebraska 4,920 545 5,465 w w w 4,920 545 5,465
Nevada 179,323 591,589 770,913 27 109 380 179,594 591,698 771,292
New Hampshire 1,442 140 1,582 - - - 1,442 140 1,582
New Jersey 17,130 1,325 18,454 - - - 17,130 1,325 18,454
New Mexico w w w 71,746 11 7,756 7,746 11 1,756
New York - 36,831 4,355 41,186 5,879 - 5,879 42,710 4,355 47,065
North Carolina 58,227 9,465 67,692 - - - 58,227 9,465 67,692
Ohio 51,860 5,662 57,523 w w w 51,860 5,662 57,523
Oklahoma 29,217 2,690 31,907 w w w 29,217 2,690 31,907
Oregon 19,076 1,890 20,966 w w w 19,076 1,890 20,966
Pennsylvania 68,492 6,041 74,533 2,661 19 2,680 71,153 6,060 77,213
Rhode Island 1,342 103 1,445 - - - 1,342 103 1,445
South Carolina 27,486 7,591 35,076 - - - 27,486 7,591 35,076
South Dakota 11,469 17,534 29,003 1,358 180 1,538 12,827 17,714 30,541
Tennessee 42,039 4,266 46,306 7,222 w 7,222 49,261 4,266 53,528
Texas 72,984 8,929 81,913 8,831 w 8,831 81,815 8,929 90,744
Vermont 2,388 261 3,149 - - — 2,888 261 3,149
Virginia 51,407 4,712 56,119 w w w 51,407 4,712 56,119
Washington 13,945 1,237 15,182 w W w 13,945 1,237 15,182
West Virginia 11,098 946 12,044 3,249 18 3,267 14,347 964 15,311
Wisconsin 27,762 2,138 29,900 - - — 27,762 2,138 29,900
Wyoming 6,209 2,389 8,598 8,043 - 8,043 14,252 2,389 16,640
Undistributed’ 123,220 429,042 552,259 25,618 1,140 26,759 148,839 430,182 579,018

Grand total 2,105,238 1,448,517 3,553,755 127,184 2,062 129,247 2,232,423 1,450,579 3,683,002

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 1993, BY COMMODITY AND STATE!

W Withheld to avoid disclosing company proprietary data; included with "Other” or "Undistributed.”

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

?Includes materials from wells, ponds, and pumping operations.

*Includes solution mining.

“Includes ore and waste from development operations.

SIncludes bauxite, beryllium, gold-silver ore, lead-zinc ore, magnesium metal, manganiferous ore, molybdenum, platinum-group metals, rare earths,
titanium, uranium, and metal items indicated by symbol W.

SIncludes aplite.

"Excludes volcanic cinder and scoria, included with crushed and broken stone.

*Includes boron, fluorspar, greensand marl, iron oxide, kyanite, lithium, magnesite, olivine, sulfur (Frasch), wollastonite, zeolites, and industrial mineral
items indicated by symbol W.

*Includes Delaware, North Dakota, Utah, and State items indicated by symbol W.
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TABLE 3
VALUE OF PRINCIPAL MINERAL PRODUCTS AND BYPRODUCTS OF SURFACE AND UNDERGROUND
ORES MINED IN THE UNITED STATES IN 1993

(Dollars per metric ton)

Surface Underground All mines
Principal inci inci
mincl?al By- Total! 1::;::;:1 By- Total' - l:rrlli‘:\celfa‘;l By- Total'
product product product product product product
METALS
Copper 1.79 0.89 8.68 w w w 1.79 0.89 8.68
Gold 13.31 42 13.72 69.49 1.14 70.62 13.87 43 14.29
Iron 9.02 - 9.02 w w w 9.02 w 9.02
Lead — — — 37.72 11.29 49.01 37.72 11.29 49.01
Zinc w w w 33.12 w 33.12 33.12 w 33.12
Average? 9.96 5 10.71 31.62 5.89 37.50 10.74 93 11.68
INDUSTRIAL MINERALS
Asbestos 131.62 — 131.62 — — — 131.62 — 131.62
Barite 24.81 — 24.81 — — — 24.81 — 24.81
Clays 38.58 w 38.58 w — w 38.58 w 38.58
Feldspar® 38.53 w 38.53 — — - 38.53 w 38.53
Gypsum 6.65 w 6.65 6.78 - 6.78 6.67 w 6.67
Magnesium compounds . 86.31 —_ 86.31 —_ — — 86.31 — 86.31
Mica (scrap) 8.36 w 8.36 — — - 8.36 w 8.36
Perlite 30.12 — 30.12 w — w 30.12 - 30.12
Phosphate rock 21.36 w 21.36 w — w 21.36 A\ 21.36
Potash w w w 15.49 — 15.49 15.49 w 15.49
Pumice* 25.70 — 25.70 — — — 25.70 — 25.70
Salt 62.47 — 62.47 18.68 w 18.68 26.24 w 26.24
Sand and gravel (industrial) 17.13 W 17.13 — — — 17.13 w 17.13
Sodium compounds - — — w 79.57 79.57 w 79.57 79.57
Stone:
Crushed 5.25 .03 5.28 6.50 w 6.50 5.30 w 5.30
Dimension 168.85 42 169.27 w w w 168.85 42 169.27
Talc and pyrophyllite 26.55 w 26.55 w — w 26.55 w 26.55
Vermiculite 78.36 — 78.36 — - — 78.36 — 78.36
Average® 8.41 .14 8.55 10.74 7.20 17.94 8.57 .64 9.22
Average, industrial minerals (excluding
sand and gravel and stone)’ 34.75 ¢ 34.75 15.00 14.48 29.48 29.03 5.03 34.06
Average, metals and industrial minerals? 9.06 .40 9.46 16.27 6.85 23.12 9.47 .76 10.23
Average, metals and industrial minerals
(excluding sand and gravel and stone)’ 12.76 .80 13.55 21.98 10.87 32.85 13.44 1.54 14.97

W Withheld to avoid disclosing company proprietary data; included in appropriate "Average.”
!Data may not add to totals shown because of independent rounding.

?Includes unpublished data.

3Includes aplite.

“Excludes volcanic cinder and scoria; included with crushed and broken stone.

SWithheld to avoid disclosing company proprietary data; included in "All mines.”
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TABLE 4
NUMBER OF DOMESTIC METAL AND INDUSTRIAL MINERAL MINES! IN
THE UNITED STATES IN 1993, BY COMMODITY AND STATE

Total Less than 1,000 to 10,000 to 100,000 to 1,000,000 to More than
num.ber of 1,000 tons 10,000 100,000 1,000,000 10,000,000 10,000,000
mines tons tons tons tons tons
METALS
Baucxite 5 - 2 3 —_ —_ _
Beryllium concentrate 1 — - — 1 — —
Copper 24 1 — 1 4 7 11
Gold 100 10 6 13 18 46 7
Gold-silver 5 — 2 — 1 2 -
Iron 18 — 3 2 3 3 7
Lead 7 — — — 6 1 —
Lead-zinc 2 — - — 2 — —
Magnesium metal 3 - - 2 — 1 -
Manganiferous 1 - 1 - — - -
Molybdenum 1 - — — - 1 -
Nickel 1 — — — 1 — -
Platinum-group metals 1 - — - 1 — -
Rare earth metal concentrates 1 — — - 1 — —
Silver 6 1 1 1 3 — -
Titanium 5 - 1 1 2 1 -
Uranium 6 5 1 — - — —
Zinc 12 — — - 9 3 —
Total 199 17 17 23 52 65 25
INDUSTRIAL MINERALS

Asbestos 1 — — 1 - — -
Barite 6 - 3 1 2 - -
Boron minerals 5 1 — 1 1 2 -
Bromine 4 — - 4 — — -
Clays 756 29 179 441 107 — —
Diatomite 11 — 2 5 . 4 — -
Feldspar® 13 - 1 10 2 - -
Fluorspar 1 — - — 1 - -
Greensand marl 1 - 1 - — — -
Gypsum 57 — 1 13 43 - -
Iodine 4 3 1 — - - -
Iron oxide pigments (crude) 3 2 — 1 - - -
Kyanite 2 — - 2 - - -
Lithium minerals 2 - — 2 - — —
Magnesite 1 - - - 1 - —
Magnesium compounds 6 — 1 2 3 — —
Mica (scrap) 7 — 4 1 2 — —
Olivine 3 — 1 2 - — —
Perlite 10 1 2 4 3 — -
Phosphate rock 24 - — 1 8 15 -
Potash 10 - — 3 2 5 -
Pumice® 13 — 4 8 1 — -
Salt 65 - 3 12 40 10 -
Sand and gravel (industrial) 158 2 8 76 70 2 -
Sodium sulfate 6 — — — 1 5 —

See footnotes at end of table.
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NUMBER OF DOMESTIC METAL AND INDUSTRIAL MINERAL MINES' IN
THE UNITED STATES IN 1993, BY COMMODITY AND STATE

TABLE 4—Continued

Total Less than 1,000 to 10,000 to 100,000 to 1,000,000 to More than
num.ber of 1,000 tons 10,000 100,000 1,000,000 10,000,000 10,000,000
mines tons tons tons tons tons
INDUSTRIAL MINERALS—Continued
Stone:
Crushed 3,581 213 524 961 1,652 231 -
Dimension 245 94 117 33 1 — -
Sulfur (Frasch) 4 — — 1 3 - —_
Talc and pyrophyllite 24 3 6 9 6 — -
Vermiculite 5 - — 5 - - -
Wollastonite 2 — - 2 - — -
Zeolites 3 1 - 2 - - -
Total 5,033 349 858 1,603 1,953 270
Grand total 5,232 366 875 1,626 2,005 335 25
STATES
Alabama 97 1 8 39 38 11 -
Alaska R 41 2 9 18 7 5 -
Arizona 71 12 3 31 18 6 7
Arkansas 76 1 7 27 35 6 -
California 394 45 173 74 83 19 —
Colorado | 77 16 16 26 14 5 —
Connecticut /‘ .23 1 - 8 14 - -
Delaware ( = 1 — 1 — — — —
Florida | [\ 127 - 1 35 60 31 -
Georgia \ 218 3 40 85 75 15 -
Hawaii } \;s - 5 9 12 2 -
Idaho 8\\( 3 11 50 21 2 —
Tllinois / 179 2 10 70 80 17 -
Indiana i 110 3 12 21 66 8 -
Towa | 164 - 17 64 78 5 -
Kansas N 139 9 27 44 56 3 -
Kentucky 105 — 8 17 69 11 —
Louisiana 29 — 2 7 14 6 -
Maine 15 — 3 5 7 — —
Maryland 44 2 9 15 9 -
Massachusetts 32 1 2 10 17 2 -
Michigan 73 2 4 19 35 11 2
Minnesota 65 4 9 24 20 3 5
Mississippi 28 — — 24 3 1 -
Missouri 224 — 24 i 117 11 -
Montana 51 9 8 21 6 1
Nebraska 18 1 4 5 5 3 -
Nevada 82 9 7 17 23 19 7
New Hampshire 13 — 1 S - —
New Jersey 33 1 3 8 18 3 -
New Mexico 85 12 12 38 16 5 2
New York 127 14 15 20 70 8 -
North Carolina 166 6 15 54 78 13 -
North Dakota 5 - 5 — - — -
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TABLE 4—Continued
NUMBER OF DOMESTIC METAL AND INDUSTRIAL MINERAL MINES! IN
THE UNITED STATES IN 1993, BY COMMODITY AND STATE

3Excludes volcanic cinder and scoria; included with crushed stone.

1993 MINERALS YEARBOOK—MINING AND QARRYING TRENDS

Total Less than 1,000 to 10,000 to 100,000 to 1,000,000 to More than
num.ber of 1,000 tons 10,000 100,000 1,000,000 10,000,000 10,000,000
mines tons tons tons tons
STATES—Continued
Ohio 163 3 10 50 89 11 -
Oklahoma 87 8 7 19 47 6 -
Oregon 438 115 192 70 61 - —
Pennsylvania 221 22 42 146 8 -
Rhode Island 7 — — 4 3 - -
South Carolina 76 1 9 27 35 4 -
South Dakota 24 4 4 3 8 5 —
Tennessee 147 1 9 34 95 8 -
Texas 271 38 33 87 96 17 —
Utah 64 6 21 16 14 6 1
Vermont 41 8 9 13 11 — -
Virginia 130 8 6 30 74 12 —
Washington 147 2 33 68 43 1 -
West Virginia 43 - 2 17 22 2 -
Wisconsin 233 6 13 150 62 2 —
Wyoming 107 3 33 52 13 6 -
Grand total 5,232 366 875 1,626 2,005 335 25
Based on crude ore mined.
Includes aplite.
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TABLE §

STATES IN 1993, IN ORDER OF OUTPUT OF CRUDE ORE

TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINING OPERATIONS IN THE UNITED

Mining operation’ State Operator Commodity Mining method
METALS

Morenci Arizona Phelps Dodge Corp. Copper Open pit.
Carlin Mines Complex Nevada Newmont Gold Co. Gold Do.
Bingham Canyon Utah Kennecott, Utah Copper Corp. Copper Do.
Minntac Minnesota UsX Iron ore Do.
Sierrita Arizona Cyprus Climax Metals Co. Copper Do.
Cyprus Miami (Inspiration) do. do. do. Do.
Hibbing Minnesota Hibbing Taconite Co. Iron ore Do.
Tyrone New Mexico Phelps Dodge Corp. and Burro Chief Copper Co.  Copper Do.
Hoyt Lakes Minnesota LTV Steel Mining Co. Iron ore Do.
Empire Michigan Empire Iron Mining Partnership do. Do.
Bagdad Arizona Cyprus Climax Metals Co. Copper Do.
Smokey Valley Common

Operation Nevada Round Mountain Gold Corp. Gold Do.
Pinto Valley Arizona Magma Copper Co. Copper Do.
Ray do. ASARCO Incorporated do. Do.
Continental Montana Montana Resources Inc. do. Do.
Chino New Mexico Phelps Dodge Corp. do. Do.
San Manuel Arizona Magma Copper Co. do. Open pit and stoping.
Mission Complex do. ASARCO Incorporated do. Open pit.
Twin Creeks Nevada Santa Fe Pacific Gold Corp. Gold Do.
Zortman-Landusky Montana Pegasus Gold Inc. do. Do.
NSPC Project Minnesota National Steel Pellet Co. Iron ore Do.
Thunderbird do. Eveleth Mines do. Do.
Tilden Michigan Tilden Mining Co. do. Do.
Peter Mitchell Minnesota Cyprus Climax Metals Co. do. Do.
McCoy and Cove Nevada Echo Bay Mining Co. Gold Open pit and stoping.

INDUSTRIAL MINERALS?

Florida mines (6) Florida IMC-Agrico Co. Phosphate rock  Open pit.
Reed Kentucky Vulcan Materials Co. Stone Open quarry.
FEC Hialea Florida CSR America Inc. do. Do.
McCook Illinois Vulcan Materials Co. do. Do.
Calcite Michigan Michigan Minerals Associates do. Do.
Stoneport do. Presque Isle Corp. do. Do.
Georgetown Texas Texas Crushed Stone Co. do. Do.
International New Mexico IMC Fertilizers Inc. Potash Well or pumping operation.
White Rock Florida Vecellio & Grogan Inc. Stone Dredging.
Eastside Texas Redland Stone Products Co. do. Open quarry.
Pennsuco Florida Tarmac America Inc. do. Dredging.
Lee Creek (Aurora) North Carolina Texasgulf Chemical Co. Phosphate rock  Open pit.
Carey 1 and 2 Ohio National Lime & Stone Co. Stone Open quarry.
Thornton 1llinois General Dynamics Corp., Material Service Corp. do. Open quarry and stoping.
St. Genevieve Missouri Tower Rock Stone Co. do. Open quarry.
Fort Meade Florida Cargill Fertilizer Inc. Phosphate rock  Open pit.
Mount Hope New Jersey Mount Hope Rock Products Inc. Stone Open quarry.
Clinton New York Lone Star Industries, New York Trap Rock Corp. do. Do.
Sandusky Ohio Rogers Group Inc. do. Do.
Kingsford and Payne Creek Florida IMC-Agrico Co. Phosphate rock  Open pit.

See footnotes at end of table.
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TABLE 5—Continued
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINING OPERATIONS IN THE UNITED
STATES IN 1993, IN ORDER OF OUTPUT OF CRUDE ORE

Mining operation' State Operator Commodity Mining method
INDUSTRIAL
MINERALS?—Continued

New Braunf Texas Parker Lafarge Inc. Stone Open quarry.
Norcross Georgia Vulcan Materials Co. do. Do.

Millville West Virginia Evered Bardon USA Inc. (Millville Quarry Inc.) do. Do.

Retsof New York Akzo Salt Inc. Salt Stoping.

Bridgeport Texas Texas Industries Inc. Stone Open pit.

!Owing to commodity reporting differences, the rank of individual mining operations may not be available.
2Construction sand and gravel operations are not included for 1993 because of biennial canvassing.
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TABLE 6

TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINING OPERATIONS IN THE UNITED
STATES IN 1993, IN ORDER OF OUTPUT OF TOTAL MATERIALS HANDLED

Mining operation® State Operator Commodity Mining method
METALS
Morenci Arizona Phelps Dodge Corp. Copper Open pit.
Carlin Mines Complex Nevada Newmont Gold Co. Gold Do.
Goldstrike do. Barrick Goldstrike Mines Inc. do. Do.
Chino New Mexico Phelps Dodge Corp. Copper Do.
Bingham Canyon Utah Kennecott Corp. do. Do.
Cyprus Miami (Inspiration) Arizona Cyprus Climax Metals Co. do. Do.
Twin Creeks Nevada Santa Fe Pacific Gold Corp. Gold Do.
Sierrita Arizona Cyprus Climax Metals Co. Copper Do.
McCoy and Cove Nevada Echo Bay Mining Co. Gold Open pit and stoping.
Empire Michigan - Empire Iron Mining Partnership Iron ore Open pit.
Smokey Valley Common
Operation Nevada Round Mountain Gold Corp. Gold Do
Jerritt Canyon (Enfield Bell) do. Independence Mining Co. Inc. do. Do
Hoyt Lakes Minnesota LTV Steel Mining Co. Iron ore Do
Minntac do. UsX do. Do.
Hibbing do. Hibbing Taconite Co. do. Do
Tyrone New Mexico Phelps Dodge Corp. and Burro Chief Copper Co.  Copper Do.
Crofoot/Lewis Nevada Hycroft Resources & Development Gold Do.
Lone Tree do. Santa Fe Pacific Gold Corp. do. Do.
Mesquite California do. do. Do.
Continental Montana Montana Resources Inc. Copper Do.
Golden Sunlight do. Golden Sunlight Mines Inc. Gold Do.
Getchell Nevada FMG Inc. do. Do.
Bagdad Arizona | Cyprus Climax Metals Co. Copper Do.
Montana Tunnels Montana Montana Tunnels Mining, Inc. Gold-zinc ore. Do.
Pinto Valley Arizona Magma Copper Co. Copper Do.
INDUSTRIAL MINERALS?
Florida mines (6) Florida IMC-Agrico Co. Phosphate rock Do.
Kingsford and Payne Creek do. do. do. Do.
Fort Meade do. Cargill Fertilizer Inc. do. Do.
Boron California U.S. Borax Inc. Boron minerals Do.
Reed Kentucky Vulcan Materials Co. Stone Open quarry.
FEC Hialea Florida CSR America Inc. do. Do.
Lee Creek (Aurora) North Carolina  Texasgulf Chemical Co. Phosphate rock Open pit.
McCook Illinois Vulcan Materials Co. Stone Open quarry.
Calcite Michigan Michigan Minerals Associates do. Do.
Stoneport do. Presque Isle Corp. do. Do.
Georgetown Texas Texas Crushed Stone Co. do. Do.
White Rock Florida Vecellio & Grogan Inc. do. Dredging.
International New Mexico IMC Fertilizers Inc. Potash Well or pumping operation.
Eastside Texas Redland Stone Products Co. Stone Open quarry.
Big Four Florida Mobil Mining and Minerals Co. Phosphate rock Open pit
Pennsuco do. Tarmac America Inc. Stone Dredging.
Carey 1 and 2 Ohio National Lime & Stone Co. do. Open quarry.
St. Genevieve Missouri Tower Rock Stone Co. do. Do.
Thornton Illinois General Dynamics Corp., Material Service Corp. do. Open quarry and stoping.
Mount Hope New Jersey Mount Hope Rock Products Inc. do. Open quarry.

See footnotes at end of table.
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TABLE 6—Continued
TWENTY-FIVE LEADING METAL AND INDUSTRIAL MINERAL MINING OPERATIONS IN THE UNITED
STATES IN 1993, IN ORDER OF OUTPUT OF TOTAL MATERIALS HANDLED

Mining operation' State Operator Commodity Mining method
INDUSTRIAL MINERALS?
—Continued

Clinton New York Lone Star Industries, New York Trap Rock Corp.  Stone Open quarry
Sandusky Ohio Rogers Group Inc. do. Do.

New Braunf Texas Parker Lafarge Inc. do. Do.

Norcross Georgia Vulcan Materials Co. do. Do.

Rockland Florida U.S. Agri-Chemicals Corp. Phosphate rock Open pit.

'Owing to commodity reporting differences, the rank of individual mining operations may not be available.
*Construction sand and gravel operations are not included for 1993 because of biennial canvassing.
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TABLE 7
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND
UNDERGROUND MINES IN THE UNITED STATES IN 1993, BY COMMODITY AND STATE

(Thousand metric tons)

Marketable product Ore treated or sold
Surface Underground Total! Surface Underground Total'
METALS
Copper 1,572 261 1,834 436,083 A\ 436,083
Gold w w w 251,862 2,542 254,404
Iron 55,601 w 55,601 180,809 w 180,809
Lead — 262 262 - 4,202 4,202
Nickel w — w 267 — 267
Zinc w 187 187 w 5,606 5,606
INDUSTRIAL MINERALS

Asbestos 14 — 14 45 — 45
Barite 314 - 314 773 — 773
Clays 37,721 104 37,825 37,739 86 37,825
Diatomite 599 — 599 w — w
Feldspar® 776 — 776 776 - 716
Gypsum 13,363 2,552 15,915 13,380 2,552 15,932
Magnesium compounds 414 —_ 414 1,627 —_ 1,627
Mica (scrap) w - w 388 - 388
Perlite w w w 569 w 569
Phosphate rock 35,466 w 35,466 35,466 w 35,466
Potash w : 898 898 w 7,790 7,790
Pumice® 469 - 469 469 — 469
Salt 5,461 27,284 32,745 5,647 27,092 32,739
Sand and gravel (industrial) 26,399 — 26,399 26,399 — 26,399
Sodium compounds — 8,172 8,172 — 8,172 8,172
Stone:

Crushed 1,066,148 52,675 1,118,824 1,071,950 46,874 1,118,824

Dimension 1,184 w 1,184 1,195 w 1,195
Talc and pyrophyllite 917 w 917 919 w 919
Vermiculite 187 — 187 190 — 190
Zeolites 37 - 37 w - w

STATES

Alabama 32,114 w 32,114 32,129 w 32,129
Alaska 2,694 w 2,694 10,216 w 10,216
Arizona 8,203 w 8,203 352,941 w 352,941
Arkansas 25,337 — 25,337 25,337 — 25,337
California 47,037 w 47,037 80,705 549 81,255
Colorado 11,146 41 11,187 14,521 w 14,521
Connecticut 5,388 — 5,388 5,388 - 5,388
Florida 91,689 w 91,689 99,493 w 99,493
Georgia 57,562 2,354 59,917 58,175 2,354 60,529
Hawaii 8,881 — 8,881 8,881 — 8,881
Idaho 9,427 w 9,427 13,871 w 13,871
Illinois 60,952 w 60,952 62,979 4,074 67,053
Indiana 34,063 4,847 38,911 35,566 3,345 38,911
Iowa 25,937 6,958 32,895 25,937 6,958 32,895
Kansas 19,886 3,288 23,174 19,886 3,273 23,159

See footnotes at end of table.
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TABLE 7—Continued
MARKETABLE PRODUCT AND ORE TREATED OR SOLD AT SURFACE AND
UNDERGROUND MINES IN THE UNITED STATES IN 1993, BY COMMODITY AND STATE

(Thousand metric tons)

Marketable product Ore treated or sold
Surface Underground Total' Surface Underground Total'
STATES—Continued
Kentucky 36,691 13,306 49,997 37,458 12,539 49,997
Louisiana 4,131 11,369 15,500 4,205 11,295 15,500
Maine 1,860 — 1,860 1,860 — 1,860
Maryland 20,227 w 20,227 20,862 w 20,862
Massachusetts 9,702 —_ 9,702 9,702 — 9,702
Michigan 49,565 1,203 50,768 75,638 w 75,638
Minnesota 52,765 — 52,765 152,542 — 152,542
Mississippi 3,277 — 3,277 3,277 - 3,277
Missouri 50,014 5,979 55,993 50,530 10,264 60,794
Montana 3,385 143 3,528 39,908 1,363 41,271
Nebraska 5,383 w 5,383 5,383 w 5,383
Nevada 4,184 w 4,184 192,789 285 193,073
New Hampshire 1,446 — 1,446 1,446 — 1,446
New Jersey 19,748 — 19,748 19,749 - 19,749
New Mexico 5,509 927 6,436 28,008 8,147 36,155
New York 40,355 4,886 45,242 40,366 5,473 45,838
North Carolina 58,560 —_ 58,560 58,576 — 58,576
Ohio 56,643 w 56,643 56,643 w 56,643
Oklahoma 31,353 w 31,353 31,353 w 31,353
Oregon 19,151 w 19,151 19,719 w 19,719
Pennsylvania 68,702 2,661 71,363 68,702 2,661 71,363
Rhode Island 1,347 — 1,347 1,347 - 1,347
South Carolina 22,223 — 22,223 27,547 — 27,547
South Dakota 5,482 ) 5,482 11,590 1,335 12,926
Tennessee 43,347 2,147 45,494 43,347 6,886 50,233
Texas 76,780 8,934 85,714 76,883 8,831 85,714
Utah 9,102 w 9,102 w w w
Vermont 2,838 — 2,838 2,868 — 2,868
Virginia 51,282 1,478 52,760 51,412 w 51,412
Washington 13,783 9) 13,783 14,325 w 14,325
West Virginia 11,622 3,249 14,871 11,622 3,249 14,871
Wisconsin 27,867 — 27,867 28,062 — 28,062
Wyoming 6,225 8,043 14,268 6,227 8,043 14,270

W Withheld to avoid disclosing company proprietary data.

Data may not add to totals shown because of independent rounding.
?Includes aplite.

3Excludes volcanic cinder and scoria; included with crushed and broken stone.
“Less than 1/2 unit.
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TABLE 8

MINING METHODS USED AT SURFACE OPERATIONS IN THE UNITED
STATES, BY COMMODITY, IN 1993

(Percent of total material handled)

Preceded
by drilling
and blasting

Not preceded
by drilling
and blasting'

METALS

Bauxite

Beryllium concentrate

Copper

Gold

Gold-silver

Iron

Magnesium metal

Manganiferous

Nickel

Rare earth metal concentrates

Silver

Titanium

Uranium

Zinc

Average

INDUSTRIAL MINERALS

Asbestos

Barite

Boron minerals

Bromine

Clays

Diatomite

Feldspar®

Greensand marl

Gypsum

Iodine

Iron oxide pigments (crude)

Kyanite

Lithium minerals

Magnesite

Magnesium compounds

Mica (scrap)

Olivine

Perlite

Phosphate rock

Potash

Pumice?

Salt

Sand and gravel (industrial)

Stone:

Crushed

Dimension

Sulfur (Frasch)

100
98
97
98
96
50

100
100

100
97

100
11
91

100

91

100
100
54
100
54
49
100
43

[N T S B )

98

100

SNV W

89

100
100
99

100

100

46

46
51

57
96
100
95
98
98

98

See footnotes at end of table.
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TABLE 8—Continued

(Percent of total material handled)

MINING METHODS USED AT SURFACE OPERATIONS IN THE UNITED
STATES, BY COMMODITY, IN 1993

Preceded
by drilling
and blasting

Not preceded
by drilling
and blasting'

INDUSTRIAL MINERALS—Continued

Talc and pyrophyllite 92
Vermiculite 86
Wollastonite 100
Zeolites 100
Average 77
Average, metals and industrial minerals 89

14

23
11

washing, and other surface mining methods.
2Includes aplite.
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3Excludes volcanic cinder and scoria; included with crushed and broken stone.

'Includes drilling and cutting without blasting, dredging, and mechanical excavation and nonfloat
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TABLE 9
EXPLORATION ACTIVITY IN THE UNITED STATES IN 1993, BY METHOD, COMMODITY, AND STATE!

(Meters)
Drilling
Rotary .
Dézgnrz;ld Percussion n:,:dm Other® Trenching Total
circulation
METALS
Copper 16,797 (@) 16,917 w (v 33,714
Gold 259,351 104,218 649,341 w 28,378 1,041,288
Lead 17,964 19,638 15,054 - — 52,656
Silver 7,675 - - w 31 7,706
Zinc 18,688 (@) 3,937 w - 22,625
Other® 5,458 — 45,709 636,420 — 687,587
Total 325,932 123,856 730,958 636,420 28,409 1,845,575
Percent of exploration 17.7 6.7 39.6 345 1.5 100
INDUSTRIAL MINERALS
Perlite — - 444 - - 444
Other® 19,231 ® ® 12,474 (@) 31,704
Total 19,231 @) 444 12,474 @) 32,148
Percent of exploration 60 @) 1 39 (@) 100
Grand total 345,163 123,856 731,402 648,894 28,409 1,877,723
Percent of exploration, grand total 18.4 6.6 39.0 34.6 1.5 100
STATES
Alaska 1,646 20,391 w — 26,859 48,896
Arizona 15,560 — w - w 15,560
California 914 —_ 42,161 w (@) 43,075
Colorado 4,668 — w w w 4,668
Idaho 8,251 - 9,295 w — 17,546
Missouri 17,964 19,638 15,054 - — 52,656
Montana 10,647 @) 14,478 w w 25,125
Nevada 139,275 15,368 491,876 w w 646,519
New Mexico w w w w 31 31
Oregon 18 — - w w 18
South Dakota 68,455 w 2,195 - — 70,650
Utah 853 w 19,298 - 183 20,334
Washington 45,189 —_ 3,048 — - 48,237
Undistributed’ 31,723 68,459 133,997 648,894 1,336 884,408
Grand total 345,163 123,856 731,402 648,894 28,409 1,877,723
Percent of exploration, grand total 18.4 6.6 39.0 34.6 1.5 100

W Withheld to avoid disclosing company proprietary data; included with "Other” or "Undistributed."

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

Includes churn drilling.

3Withheld to avoid disclosing company proprietary data; included with "Other" drilling.

“Less than 1/2 unit.

SIncludes beryllium concentrates, gold-silver ore, iron ore, lead-zinc ore, uranium, zinc ore, and metal items indicated by symbol W.

®Includes barite, boron minerals, clays, diatomite, fluorspar, gamet, gypsum, native asphalt and bitumens, phosphate rock, pumice, soda ash, and talc and pyrophyllite.
"Includes Florida, Georgia, Illinois, Kansas, Minnesota, Oklahoma, South Carolina, Tennessee, Virginia, Wyoming, and State items indicated by symbol W.
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TABLE 10
TOTAL MATERIAL (ORE AND WASTE) PRODUCED BY MINE DEVELOPMENT AND TOTAL
DEVELOPMENT ACTIVITY IN THE UNITED STATES IN 1993, BY COMMODITY AND STATE!

Drifting,

. .. Shaft and ..
i?::;::;:,gg’ Raising winze sinking Stripping Other® Total
Thousand Thousand Thousand Thousand  Thousand Thousand
metric Meters metric Meters metric Meters metric metric Meters metric Meters
tons tons tons tons tons tons
COMMODITY
Beryllium
concentrate — - —_ —_ —_ — (6] - — @) —
Copper w w w w @) 62 w — — [¢] 62
Gold 211 7,525 11 1,315 @) 61 33,070 w w 33,293 8,901
Gold-silver ore 2 158 @) 40 — — — — — 3 199
Gypsum 2 61 - — — — w w w 2 61
Lead 333 2,160 — — ®* @) — w w 333 2,160
Lead-zinc ore w w 4 605 — - — — — 4 605
Silver 35 1,298 2 49 (@) 9 — — — 37 1,355
Uranium ore — - - - - - — é 16,075 (@) 16,075 |
Zinc 288 5,952 w w ®* @) 8 w w 296 5,952 |
Other® 278 8,624 2 133 ®* (W) 9,186 190 61,983 9,656 70,739 |
Total 1,149 25,778 19 2,142 A 132 42,264 191 78,058 43,624 106,109
Percent of
activity, total XX 243 XX 2.0 XX .1 XX XX 73.6 XX 100
STATE
Alaska ® 9 - — - — w - - (¢ 9
Arizona w w w w 1 123 w - — 1 123
California w L w 244 - — w — — w 244
Colorado 27 4,375 4 646 @) 9 — — - 32 5,030
Idaho w w 2 49 - — w - — 2 49
Michigan 2 61 — — — - - — - 2 61
Missouri w 2,526 — - V) ) — w w w 2,526
Montana w w 20 — — — — — 1 20
Nevada 56 1,384 w w - — w w w 56 1,384
New Mexico w w @) 17 — — w — — (@) 17
South Dakota 63 2,101 5 847 — — 381 — — 449 2,947
Tennessee w w w w ®* ) 8 w w w 8
Utah - - — — - - 2 - - 2 -
‘Washington 88 2,692 @) 52 — — — - — 88 2,745
Wyoming —_ — — —_ —_ — —_ & 16,075 ) 16,075
Undistributed® 913 12,630 7 267 - — 41,873 190 61,983 42,991 74,871
Total 1,149 25,778 19 2,142 ® 132 42,264 191 78,058 43,624 106,109
Percent of
activity, total XX 243 XX 2.0 XX 0.1 XX XX 73.6 XX 100
W Withheld to avoid disclosing company proprietary data; included with "Other” or "Undistributed.” XX Not applicable.
'Data may not add to totals shown because of independent rounding.
?Includes well drilling for solution mining.
3Less than 1/2 unit.
“Withheld to avoid disclosing company proprietary data; included with "Other” development.
SIncludes diatomite, fluorspar, iron ore, talc and pyrophyllite, and commodity items indicated by symbol W.
“Includes Arkansas, Illinois, Minnesota, New York, North Carolina, Oklahoma, Oregon, and State items indicated by symbol W.
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ABRASIVE MATERIALS

By Gordon T. Austin

Mr. Austin, a physical scientist with more than 30 years of industry and Government experience, has been the commodity
specialist for abrasive materials since 1986. Mr. William Field, statistical assistant, prepared the domestic data tables.

The combined value of production of
natural abrasives, which include tripoli,
special silica stone, garnet, staurolite, and
emery, increased in 1993. The increase
in the value of tripoli production was the
result of an increase in total production.
Special silica stone experienced an
increase in unit value but decrease in the
quantity produced. Garnet showed a
19% decrease in quantity and an 8%
decrease in value. Staurolite increased
about 51% in the quantity produced and
136% in value compared with those of
1992. Staurolite’s significant increase in
value of production resulted from a 56 %
increase in the unit value.

The fused aluminum oxide industry
showed an 8% decrease in the quantity
produced and a 13% decrease in the
value of production. The silicon carbide
industry saw an 11% decrease in the
quantity produced and an 8% decrease in
the value of production. Combined, the
industries decreased 9% in quantity and
11% in value compared with those of
1992.

The quantity of metallic abrasives sold
and shipped increased slightly in quantity
and decreased 7% in value compared
with those of 1992. The industry
includes the primary producers of steel,
chilled and annealed iron, cut wire shot
and grit, and shot and grit reclaimed by
primary producers. Shipments in 1993
were about 9% below the industry’s high
of 239,619 metric tons' in 1979. (See
table 1.)

The United States continued as the
world’s largest manufacturer, exporter,
importer, and consumer of synthetic
industrial diamond. The estimated
apparent U.S. consumption of industrial

ABRASIVE MATERIALS—1993

diamond stones was 2.0 million carats, a
decrease of 60% compared with that of
1992, but was still greater than the 48-
year low in 1987.

DOMESTIC DATA COVERAGE

Domestic production data for abrasive
materials were from seven separate
voluntary U.S. Bureau of Mines (USBM)
surveys. Of the 61 operations producing
natural and manufactured abrasives
canvassed, all responded, representing
100% of the total production shown in
tables 1, 5, 6, 8, 12, and 14.

FOREIGN TRADE

The total value of abrasive materials,
exports plus reexports, was $421.3
million, about a 10% increase compared
with the 1992 value.

The total value of abrasive materials
imported was $529 million, an increase
of 9% compared with the 1992 value.

The United States has shown a trade
deficit in abrasive materials for every
year of the past 10 years. In 1993, the
deficit was $107.7 million, an increase of
9% compared with that of 1992. (See
tables 2, 3, and 4.)

TRIPOLI

The category of tripoli, as broadly
defined, is composed of extremely fine-
grained crystalline silica in various stages
of aggregation. The particle sizes usually
range from 1 to 10 micrometers, but
particles as small as 0.1 to 0.2
micrometer are common. Commercial
tripoli contains 98% to 99 % silica and

minor amounts of alumina (as clay) and
iron oxide. Tripoli may be white or
some shade of yellow, brown, or red
depending on the percentage of iron
oxide. The USBM includes not only
tripoli, but other fine-grained, porous
silica materials that have similar
properties and end uses such as
rottenstone and novaculite. It does not
include fine-grained or porous silica
materials included in other Mineral
Annual Report chapters, such as pumice.

Annual Review

Production.—In 1993, the quantity of
crude tripoli produced increased 11 % and
the value of production increased 7%
compared with those of 1992. In the
United States four firms produced tripoli.
Malvern Minerals Co., Garland County,
AR, produced crude and finished
material. Malvern also produces a black
material from novaculite.  American
Tripoli Co. produced crude material in
Ottawa County, OK, and finished
material in Newton County, MO.
Unimin Specialty Minerals Inc.’s Alco
and Tamms plants, in Alexander County,
IL, produced crude and finished material.
Keystone Filler and Manufacturing Co. in
Northumberland County, PA, processed
rottenstone, a decomposed fine-grained
siliceous shale, produced by B. J. Ulrich
& Sons, also in Northumberland County,
PA. (See table 5.)

Consumption and Uses.—Processed
tripoli, sold or used, increased 3% in
quantity and 10% in value compared to
those of 1992.

Tripoli is processed in mills that are
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jasper lined using flint or jasper pebbled
in closed circuit with banks of mechanical
classifiers. Materials from the
mechanical classifiers are fed to
micronizing mills, in which it is ground
and sized at the same time. Material that
is 100% minus 10 micrometers and 96 %
minus 5 micrometers is the smallest
particle-size material sold. Even this
very fine particle material is not the result
of fragmentation of individual crystals;
instead, clusters of quartz crystals, many
less than 1 micrometer in size, that are
joined at their points are broken apart.
The ultrafine-grained tripoli is a
collection of clusters and individual
quartz crystals.

Tripoli has had unique uses as an
abrasive because of its hardness and its
grains lack distinct edges and corners. It
is a mild abrasive, making it suitable for
use in toothpaste and tooth polishing
compounds, industrial soaps, and metal
and jewelry polishing compounds. The
automobile industry uses it in buffing and
polishing compounds in lacquer finishing.

The end-use pattern for tripoli has
changed significantly in the past 20 years.
In 1970, nearly 70% of the processed
tripoli was used as an abrasive. Today,
76 % 1is used as a filler and extender in
paint, plastic, rubber, caulking
compounds, and enamel.

The largest use of tripoli is as a filler
and extender in paints. These uses are
estimated to account for as much as 85%
of the tripoli used as filler and extender.
Its use in exterior latex paints is as a low-
micrometer-grade micronized product. In
these paints, tripoli aids in tint retention,
durability, leveling, and flowability. In
enamels, it permits higher loading with
no appreciable increase in vehicle demand
and improves sheen. Because of its
controlled grain or particle size, paints
containing tripoli disperse easier and
result in a uniform film. Additionally,
because of its abrasive qualities, the
paints are more resistive to wear and to
chemicals than those in which water-
ground whitings and other reactive fillers
are used.

Plastics, rubbers, and resins each use
about 5% of total annual tripoli filler and
extender production. It is wused
extensively in plastics for electrical uses
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because of its dielectric properties and its
effects on flexural and compressive
strengths. Its chemical resistance,
weatherability, and resistance to salt
spray also are important to its use in
plastics. Its physical properties allow
high loading in most compounds, but its
abrasiveness results in high wear in
extruding nozzles and molds. The same
properties that makes tripoli useful as a
filler and extender in plastics make it
valuable to the rubber and resin
industries.

Tripoli contains essentially 100%
crystalline silica, so its use can cause
silicosis and falls under the jurisdiction of
the Occupational Safety and Health
Administration’s (OSHA) Hazard
Communication Standard. The
International Agency for Research on
Cancer (IARC) and other independent
studies have determined that crystalline
silica is a probable carcinogen for
humans. As a result, OSHA is required
to regulate materials containing more than
0.1% crystalline silica. To date, it does
not appear that these regulations have
adversely affected the use of tripoli, but
all tripoli must be labeled in compliance
with OSHA regulations.

In the filler and extender uses listed,
ground calcium carbonate, ground silica
sand, pyrogenic and precipitated silica,
calcined kaolin, and talc can be
substituted.

The use of tripoli as an abrasive
increased about 4% in 1993, ending 8
consecutive years of decline. During the
8-year period, consumption declined
about 50%.

After 4 consecutive years of decline,
from 1988 through 1991, the amount of
tripoli used as filler increased. The 2%
increase in 1993 followed a 10% increase
in 1992, a 7% decrease in 1991, a 10%
decrease in 1990, an 8% decrease in
1989, and an additional 4% decrease in
1988. USBM data show that tripoli use
in the United States as a filler is about
74% of the total; abrasive, 21%; and
other uses, about 1%.

Prices.—The average reported value of
abrasive tripoli, sold or used, in the
United States was $152 per ton. The
value of abrasive tripoli has increased

over the past 11 years and the increase
has been continuous.

The average reported value of filler
tripoli, sold or used, in the United States
was $212 per ton. The average reported
value has increased for the past 11 years.

SPECIAL SILICA STONE
PRODUCTS

Special silica stone products include
hones, whetstones, oilstones, stone files, |
grindstones, grinding pebbles, tube-mill
liners, deburring media, and certain
specialty products. These do not include
products made from artificially bonded
abrasive grains. Manufacture of these
products was from novaculite, quartzite,
or other quarried microcrystalline quartz
rock.

Annual Review

Production.—Plants manufactured
oilstones, hones, whetstones, and files in
Arkansas. Additional production includes
grindstones in Ohio, deburring media in
Arkansas and Wisconsin, and grinding
pebbles and mill liners in Minnesota.
Production of the crude materials was in
the same State as the products
manufactured.

The production of oilstones, hones,
whetstones, files, and grindstones
decreased about 21% in quantity to 267
tons and 17% in value to $3.8 million.
(See tables 6 and 7.)

The industry manufactured four main
grades of Arkansas whetstone. They
ranged in grade from the high-quality
Black Hard Arkansas Stone down to the
Washita Stone. The Black Hard has a
porosity of 0.07% and a waxy luster,
while Washita Stone has a porosity of
16 % and resembles unglazed porcelain.

Arkansas accounted for essentially
100% of the value and total quantity of
special silica stone products reported as
sold or used by U.S. producers.

Consumption and Uses.—The
domestic consumption of special silica
stone products is a combination of
residential, industrial, leisure, and craft
uses. The major residential uses were the
sharpening of knives and other cutlery
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such as scissors, shears, and lawn and
garden tools. Major industrial uses were
the sharpening and honing of cutting
surfaces, polishing of metal surfaces, and
the deburring of metal and plastic
castings. The manufacture, repair, and
modification of guns also make use of
stone files. The recreational uses were

the sharpening of sports knives,
arrowheads, spear points, fish hooks, and
other recreational items. Craft

applications included uses in sharpening
tools for wood carving, gun engraving,
jewelrymaking, and other engraving
work.

Prices.—The value of crude novaculite
suitable for cutting into finished products
varied from $13 per ton to $895 per ton.
The low value was for Washita grade and
the high for Black Hard Arkansas grade.
The manufacture of deburring media or
special-purpose crushed stone is from
material not suited for making oilstones,
hones, or whetstones. The value of these
materials ranged from $469 per ton to
$1,176 per ton. The average value in
1992 of oilstones, hones, whetstones, and
grindstones, sold or used by U.S.
producers, was $14,107 per ton. New
products can be duplicated by competitors
quickly because the special silica stone
products industry is not high technology.
This very quickly results in short-term
price pressures.

Foreign Trade.—The value of ex-
ported special silica stone products was
$7.2 million, a decrease of 5% compared
with that of 1992.

The value of imported products was
$2.4 million, down 4% from the record
high of 1992. The United States
continues to be a net exporter of special
silica stone products. A portion of the
finished products imported was from
crude novaculite produced within the
United States and exported for
processing. In 1993, the trade surplus in
special silica stone products was $4.8
million, a decrease of about 8%.

GARNET

Technical-grade industrial garnet from
the United States is a solid solution of
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almandite and pyrope that, when under
pressure, breaks into sharp chisel-edged
plates. Industry uses this garnet as an
abrasive powder and to manufacture
coated abrasives. Low-quality industrial
gamnet found uses primarily as airblasting
or hydroblasting media and as filtration
media.

Background

Definitions, Grades, and
Specifications.—Garnet is a general name
for a family of complex silicate minerals
having similar physical properties and
crystal form. The general formula for
garnet is A,B,(Si0,);, where A can be
calcium, magnesium, ferrous iron, or
manganese and B can be aluminum, ferric
iron, or chromium, or rarely titanium.
The most common garnet species are
Mg;ALSi,0,, (pyrope) and Fe;AlSi,0,,
(almandite). Almandite and almandite-
pyrope solid solution garnets are the best
abrasive garnets, but andradite,
grossularite, and pyrope also are used.
Garnet displays the greatest variety of
color of any industrial mineral, having
been found in all colors except blue. For
example, grossularite can be colorless,
white, gray, yellow, yellowish green,
various shades of green, brown, pink,
reddish, or black. Andradite garnet can
be yellow-green, green, greenish brown,
orange-yellow, brown, grayish black, or
black. Pyrope is commonly purplish red,
pinkish red, orange-red, crimson, or dark
red; almandite is deep red, brownish red,
brownish black, or violet-red. Spessartite
gamet can be red, reddish orange,
orange, yellow-brown, reddish brown, or
blackish brown.

The Mohs hardness of garnet varies
from 6.5 to 9.0. Grossularite and
uvarovite have a hardness of 6.5 to 7.5;
andradite is 6.5 to 7.0; and pyrope,
almandite, and spessartite are 7.0 to 7.5
in hardness. There are reports of
almandite having a hardness of between
8.0 and 9.0.

As with hardness, the specific gravity
of garnet varies considerably.  The
specific gravity may be as low as 3.2
grams/cubic meter or as high as 4.3
grams/cubic meter depending on chemical
composition.

Consumers purchase garnet that has
been crushed, ground, and graded to
different particle sizes for different end
uses. Descriptions of testing methods for
materials to be used in the manufacturing
of coated abrasives are contained in
American National Standards Institute
(ANSI) Specifications B74.18-1977,
"Specifications for Grading of Certain
Abrasive Grains on Coated Abrasive
Products.”>  Other specifications are
contained in ANSI Specification B74.12-
1976, "Specification for Size of Abrasive
Grains-Grinding Wheel, Polishing, and
General Industrial Uses. "

If the garnet is to be used as a
sandblasting medium at a U.S. Navy
shipyard or a private shipyard working on
U.S. Navy vessels, then it must meet
MIL-A-22262(SH) specifications that
qualify it for product list QPL-22262.
These specifications set forth limits on the
content of total metals, soluble metals,
and radiation; specify the acceptable level
of chemical conductivity; and require that
the material be certified by the California
Air Resources Board.

The California Air Resources Board
(ARB) requires all loose-grain abrasives
used in the State to be certified at the
ARB testing facility. The testing is
conducted according to "Methods of Test
of Abrasive Media Evaluation,"” Test
Method No. Ca 371-A, and as required
under ARB’s Title 17, Subchapter 6
entitled "Abrasive Blasting." Copies of
these documents are available from the
Compliance Division of the California Air
Resources Board, Sacramento, CA. In
addition, air pollution control agencies in
Utah, Minnesota, and Louisiana have
adopted the ARB tests and require that
only ARB-certified abrasives be used on
State projects requiring sandblasting. The
ARB’s testing procedures and standards
are focused on the environmental impact
of sandblasting abrasives, not on their
qualities or cutting performance and/or
efficiency.

The Steel Structures Painting Council,
a technical organization in Pittsburgh that
has a committee on abrasives, is currently
drafting abrasive specification SSPC-
XABI1X, "Mineral and Slag Abrasives,"
which will address garnet specifically.
The specification defines the requirements
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for selecting and evaluating mineral and
slag abrasives used in blast cleaning steel
and other surfaces for painting and other
purposes.

The American Water Works
Association (AWWA) has established
specification B100-89, "Standards for
Filtering Materials, " but this specification
does not cover high-density media such as
garnet and ilmenite. The AWWA plans
to include garnet and ilmenite in the
updated specification B100-94. In
general, specifications for filtration
involve garnet’s particle shape, specific
gravity, effective grain size, coefficient of
grain-size uniformity, content of acid-
soluble impurities, and content of
radioactive and heavy metals.

The sale of garnet for sandblasting,
water filtration, and abrasive cutting is by
screen size. In U.S. sandblasting, the
most widely used domestically produced
gamet is -1.0 + 0.3 millimeters,
followed by -0.59 + 0.21 millimeters.
The most popular grade of imported
garnet in the U.S. market is the -0.59 +
0.25-millimeter grade from Australia. In
U.S. multimedia water filtration systems,
two grades of garnet are used, a coarse
grade that is -4.75 + 1.41 millimeters,
and a fine grade that is either -0.84 +
0.3 or -0.71 + 0.25 millimeters.
Abrasive cutting applications most
popular grade of garnet is -0.25 + 0.177
millimeters, which may account for as
much as 90% of the garnet used.

There is no definitive method for
testing the quality of garnet or any other
loose-grain abrasive except by actual
application. There are tests and
examinations that can indicate a garnet
product’s probable abrasive performance
in use. The fracture, sharpness, shape,
and structure of the garnet and the
presence of inclusions all can be studied
with a microscope. The hardness and
friability of the gamet can be evaluated
by placing a sample between two glass
microscope slides and rubbing them
together. The relative scratch hardness
of the grains and their degree of
breakdown (attrition) can be measured in
this manner. Additionally, ANSI
Standard B74.8-1965, "American
Standard Test for Ball Mill Test for
Friability of Abrasive Grain," can be
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used to determine the friability of garnet
grains.

The U.S. National Institute for
Standards and Technology developed an
apparatus for evaluating the abrasive
quality of corundum. This tester can be
adapted for use with any loose-grain
abrasive. Testing of loose-grain
abrasives also can be performed. with
various production-scale and laboratory
machines where the removal of glass
from flat plates is evaluated. Data from
such tests can be correlated with the
anticipated performance of any abrasive
grain relative to the other material to be
abraded. In these tests abrasive
performance is determined by the amount
of stock removed, as found either by
weighing or by dimensional
measurements.

In judging the abrasive quality of
garnet, stock removal is not the only
important factor. Surface finish is just as
important. If an abrasive is too hard or
contains too-coarse grains for use on a
certain material it can cause deep
scratches in the surface, which cannot be
removed in subsequent finishing
operations. Additionally, if an abrasive
does not have the proper grain shape or
does not break down in such a manner as
to resharpen itself, it will tend to burn or
gouge the material being abraded, thus
defeating the purpose of its use.

The California ARB’s testing facility
tests loose-grain abrasives for certification
for use in the State. The test is focused
on the environmental impact of
sandblasting abrasives, not on their
abrasive quality.

Other firms or laboratories that test the
quality of loose abrasive grains include
three firms involved in the abrasive
cutting industry, Flow International
Corp., Ingersoll Rand Corp., and Jet-
Edge, Inc., that have laboratories for
testing and evaluating garnet for use in
their systems. Most of the evaluations in
these laboratories involve the comparative
testing of various abrasive grits, including
measurements of particle size distribution
and mechanical properties.

KTA-Tator, Inc. of Los Angeles, CA,
is a major consulting/engineering/testing
firm whose laboratory tests and evaluates
the quality of garnet and other abrasives.

Much of its work is oriented to the Steel
Structures Painting Council (SSPC)
specifications. The SSPC also can carry
out comparative testing of garnet and
other loose-grain abrasives to determine
whether they meet military specifications,
how clean the material is, how well the
material cleans, the amount of
degradation during use, and other quality
factors. SSPC is part of the Carnegie-
Mellon Research Institute and must be
careful not to conduct research that favors
one abrasives supplier over another
supplier who may be a member of the
Council.

Industry Structure.—Currently four
firms produce garnet from four plants in
two States. Each domestic producer has
distinctive products. The Barton Mines
Corp., Warren County, NY, garnet is a
mixture of almandite and pyrope and is at
the top of the garnet hardness range. It
occurs as large crystals and exhibits
incipient lamellar parting planes that
break under pressure into sharp chisel-
edged plates. It retains this chisel-edged
shape even when crushed to a very fine
size. Its garnet is used in coated
abrasives, glass grinding and polishing,
and metal lapping. The NYCO Div. of
Processed Minerals Inc., Essex County,
NY, and International Garnet Abrasive
Inc., Clinton County, NY, garnet is a
mixture of andradite and grossularite, and
the crude garnet concentrate may contain
diopside-hedenbergite (Ca[MgFe]Si20 6).
NYCO recovered garnet as a byproduct
from its wollastonite operation. It sold
both crude garnet concentrate for
additional refining and refined garnet for
use as blasting and filtration media.
International Garnet Abrasives produced
refined garnet from NYCO’s crude garnet
concentrate for use as blasting and
filtration media. Emerald Creek Garnet
Milling Co. was purchased by Hawkeye
Development Co., an Idaho corporation,
in November 1991. Under the new name
of Emerald Creek Gamet Co., it
continued mining and milling operations
in Benewah County, ID. Blasting and
filtration media were the primary uses of
the garnet.

Abrasive garnet production in the
United States began in 1878 at the Gore
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Mountain site of Barton Mines, near
North Creek, Warren County, NY.
During the first year, production was less
than 100 tons. It was used in coated
abrasives, both paper and cloth.* Barton
Mines Corp. mined and processed the
abrasive-grade garnet on Gore Mountain
until the company moved the mining
operation and processing plant in 1982 to
the adjoining Ruby Mountain. Barton
Mines has been a family owned operation
since its formation. Reported past
domestic garnet production was from
California, Connecticut, Florida, Maine,
New Hampshire, North Carolina, and
Pennsylvania.’

Nine manufacturers at ten plants
produced garnet-coated abrasive papers
and cloths. The plants are in New York
and Virginia, two in each, and
Massachusetts, Michigan, Minnesota,
Mississippi, Ohio, and Pennsylvania, one
in each.

Geology-Resources.—Garnet is found
as an accessory mineral in a wide variety
of rocks. Most commonly it is found in
gneisses and schists, but it also is found
in contact metamorphic rocks, crystalline
limestones, pegmatites, volcanic rocks,
eclogites, and serpentinites. Additionally,
gamnet is found in the gangue of veins
formed at high temperatures. Because
garnet is resistant to chemical and
mechanical weathering, it is common in
the sands of current or ancestral beaches,
streams, and other types of alluvial
deposits. Commercially attractive
industrial garnet occurrences are not
common. Many garnets that occur in
deposits of economic size degrade during
processing because of internal stresses.
These stresses developed in the gamet
crystal during formation and cooling.
Stress relieving is not economical;
therefore, these deposits have no
commercial value as a high-grade
abrasive material source.

Garnets are usually small in size.
Grossularite crystals range up to about 15
centimeters in diameter.  Almandite
approximates the same range in size
except at Gore Mountain and North
Mountain, NY, where crystals range up
to 60 centimeters in diameter. Spessartite
crystals from Brazil can weigh as much
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as several kilograms.  Most garnet
crystals are less than 2.54 centimeters in
size.

The majority of world garmet
production is from alluvial deposits in the
United States, Australia, China, and
India.  Possibly the world’s highest
quality garnet is mined, however, from
almandite-bearing rock of uncertain origin
in the Adirondack Mountains of New
York.

New York and Maine have the only
known high-quality garnet reserves in the
United States. The Wing Hill garnet
deposit, near Rangeley in western Maine,
is one of the largest and highest grade
garnet deposits in the world. The host
rock is a homogeneous garnet granofels
that consists of 50% to 70% almandite
garnet. It is medium grained and consists
essentially of garnet and andesine
plagioclase along with biotite and minor
quartz. The garnet is present as discrete,
well-formed crystals from less than 1
millimeter to about 10 millimeters in
diameter but averaging 1.5 to 2
millimeters. The granofels is an east-
west trending, tabular body more than
1,000 meters in length and as much as
700 meters thick. The garnet ranges in
Mohs hardness from 7 to 8 and in density
from 3.6 to 4.3 grams/cubic meter.
When crushed, the garnet breaks into
blocky grains, a shape that persists down
to the finest fragment. The garnet is
amenable to gravity and magnetic
concentration when the ore is crushed to
-3.36 millimeters. = The estimate of
reserves in the igneous rock deposit near
Rangeley, ME, is more than 1.8 million
tons of garnet.

Deposits of industrial garnet are found
at two locations in New York. In the
Gore Mountain area, technical-grade
garnet is mined as the primary product,
and near the town of Willsboro,
commercial-grade garnet is recovered as
a byproduct of wollastonite mining.

The deposit near Gore Mountain is an
almandite-bearing diorite of uncertain,
igneous or metamorphic origin. The ore
body is approximately 2 kilometers long
and 15 to 90 meters wide. The ore grade
varies from less than 5% to about 20%
gamet and averages slightly less than
10%. Homnblende and plagioclase

feldspar make up 40 % to 80% of the host
rock, while hypersthene, magnetite,
biotite, apatite, and pyrite are present in
minor amounts. A rough estimate
suggests that more than 600,000 tons of
high-quality garnet can be recovered from
the Barton Mines Corp. deposit on Ruby
Mountain in New York. The garnet is
present as imperfectly developed crystals
surrounded by a rim of coarsely
crystalline homnblende.  The crystals
range from about 1 millimeter to almost
1 meter in diameter but average about
100 millimeters in diameter. The garnet
has a pronounced laminated structure,
which enables it to naturally break into
thin plates from about 2 to 6 millimeters
in thickness. Garnet fragments maintain
this platy particle shape even as they are
crushed smaller and smaller.

Garnet is recovered as a byproduct
from a wollastonite deposit on the
western side of Lake Champlain near
Willsboro. The deposit is in a belt of
wollastonite-bearing rocks that is about 10
kilometers long and 0.4 kilometer wide.
The largest zone of wollastonite rock
within the belt is from about 9 meters to
more than 20 meters thick but averages
about 13 meters thick. The wollastonite
is interbanded with andradite garnet and
iron-rich diopside. = The garnet and
diopside together comprise 10% to 20%
of the ore. Both the garnet and diopside
are feebly magnetic and are easily
separated from the wollastonite by
magnetic separators.

Alluvial deposits of almandite garnet
were discovered in the early 1880’s near
Fernwood in Benewah County, but
commercial mining did not start until the
early 1940’s. The deposits are on
Emerald, Carpenter, and Meadow Creeks
about 6.4 kilometers from a mica-garnet
schist formation. The source schist is
estimated to be about 1,200 meters thick.
The garnet-bearing gravels are from
nearly 1 meter to about 1.2 meters thick
and contain 8% to 15% garnet. Gamnets
from these gravels range up to 40
millimeters in diameter, although about
95% of the garnet is smaller than 7
millimeters in diameter. The quantity of
garnet-bearing  gravels reported at
Emerald Creek and Carpenter Creek in
Idaho is large. A minimum of 450,000
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tons of garnet is available in the Emerald
Creek Garnet Co. deposits.

There can be little doubt that
tremendous reserves of garnet similar to
the lower priced materials can be located
as needed.® Also, the production of
byproduct garnet from many current
mining operations is possible if demand
improved.

Reserves are significant in Australia,
China, India, and the Newly Independent
States, (formerly U.S.S.R.), but accurate
data are not available. Huge inferred and
undiscovered resources are likely to exist
throughout the world.”

Technology.—Exploration.—Suc-
cessful exploration for garnet deposits
begins with selection of target areas based
on the presence of known favorable host
rocks.  Geologic studies and maps,
topographic maps, and aerial photographs
are used to identify favorable
metamorphic, igneous, alluvial, or eolian
geological formations.

The second step is field examination of
the selected targets. This may include
geologic mapping and limited sampling
but in many cases reconnaissance studies
are sufficient. The next step, if
warranted, is to sample the deposit in
detail, the purpose being to measure the
physical parameters of the deposit,
specifically its grade and size.

The method of sampling used depends
upon the type of deposit. Hard-rock
deposits, igneous or metamorphic, are
sampled differently than alluvial or eolian
deposits.

Hard-rock deposits can be either

diamond core drilled or trenched.
Trenches should be oriented
perpendicular to the strike of the

formation and can be dug by hand, with
a dozer, or with a backhoe.

Placer deposits can be sampled by
drilling, trenching, or by excavating pits
or shafts. The physical nature of the
deposit, its thickness, hardness, grain
size, and whether it is above or below the
water table influence the method of
sampling chosen. For shallow deposits,
hand augers or power augers can be used
to drill sample holes. In deposits that are
too hard to hand auger because of the
presence of clay, iron oxide cement, or
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mild calcium carbonate cement, two-
person motor-driven augers or vehicle-
mounted augers (such as post hole
diggers or telephone pole hole diggers)
work well. However, augering does not
always provide uncontaminated samples
and is not effective below the water table.

Truck-mounted water-jet drills and
rotary hammer drills are used to test thick
deposits and deposits that are too hard to
drill with other methods. A water-jet
drill uses flush-jointed drill pipe with
perforations near the bit to direct jets of
water forward and downward from the
bit. A hammer advances the drill bit and
casing at the same time. Water from the
jets flushes out the hole and returns
cuttings to the surface in the annulus
between the drill pipe and casing. Also,
truck-mounted rotary drills equipped with
double-pipe drill string and downhole
hydraulic hammers can be used.
Compressed air is forced down the inner
pipe and returns samples to the surface in
the annulus between the inner pipe and
outer casing. Bits are selected depending
on the type of material to be drilled.

Trenching can be carried out using
either a dozer or a backhoe, depending on
the size and depth of the deposit. In
unconsolidated sediments it is difficult to
maintain the stability of the walls of
trenches, and samples can be
contaminated by material sloughing from
above. Bulk samples can be collected
from 1-cubic-meter pits or shafts.
However, here again, wall stability can
be a problem unless some form of
shoring is used.

Evaluation of Deposits.—The
evaluation of garnet deposits to determine
their suitability for commercial
production can be divided into five major
factors: (1) size and grade of the
reserves; (2) mining conditions; (3)
quality of the garnet; (4) location of the
deposit relative to markets and
infrastructure; and (5) milling costs. The
relative importance of each of these
factors will vary from one deposit to
another, but the final determination of
economic viability will depend upon all of
them.

1. Size and grade of reserves: An
economic garnet deposit has reserves that

are large enough and high enough in
grade to provide full project capital
recovery, meet all operating costs, and
furnish a reasonable profit over the
depreciable life of the project, which is
normally at least 10 to 20 years.
Generally, a deposit should contain a
minimum of 2 million tons of ore. The
cutoff grade used in calculating reserves
will depend on the economics of the
specific deposit, but cutoff grades for
most deposits average about 20% garnet.

2. Mining conditions: Mining
conditions greatly affect the economics of
a deposit and can even control whether
the deposit can be developed. Early field
examinations should identify any
conditions, such as nearby houses,
historical sites, national monuments,
archaeological or paleontological sites,
wildlife refuges, municipal watersheds,
etc., that could preclude mining the
deposit. Local, county, and State zoning
regulations, environmental regulations,
and other constraints should be checked
to establish their effects on mining the
deposit.

Hard-rock garnet deposits are mined in
benched open pits using conventional
drill-and-blast methods. Some placer
deposits are mined with dredges. The
configuration and structure of the deposit
should be such that there are no blocks of
waste rock within the ore body and that
the gamet 1is, ideally, uniformly
distributed throughout the ore. All
physical and chemical features of the ore
and overburden will influence whether the
deposit is amenable to open pit mining
and will impact the total mining cost per
ton.

3. Quality of the garnet: The garnet
in a deposit must be tested to evaluate its
performance and marketability as an
abrasive. It should be recognized in this
regard that most garnet used in abrasive
applications is either the almandite or
almandite-pyrope type. The garnet
should be present in the deposit as
discrete crystals that are at least 6 to 13
millimeters in size and that are liberated
when the ore is crushed to -2 millimeters.
The crystals should be free of any
inclusions, such as quartz, mica,
hornblende, and feldspar, and also should
be free of alteration. The garnet should
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be relatively uniform in hardness and
density throughout the deposit. It should
not be badly weathered or highly friable.
If an incipient parting is present in the
garnet crystals, the effect this parting has
on the quality of the final product and the
distribution of such crystals within the
deposit should be determined.

4. Location relative to markets and
infrastructure: The location of a garnet
deposit must be evaluated relative to its
proximity to the markets for gamet
abrasives and filter media. If the deposit
itself is not near major market areas, then
it must be near adequate and inexpensive
means of transportation, especially by rail
or water. Deposits should be reasonably
accessible from existing roads.

5. Milling costs: The type of milling
required and the cost of processing the
ore must be analyzed carefully. Ideal ore
is that from which the garnet can be
liberated with minimum crushing and can
be recovered using gravity/density-based
methods of mechanical concentration and
where size classification of the
concentrate yields a complete range of
product sizes. In some cases portions of
the concentrate will be ground to achieve
proper particle size distribution.

Mining.—At the Barton Mine in New
York, the Ruby Mountain ore body
covers approximately 41,000 square
meters, which is nearly the entire
mountain. The ore is mined by open pit
methods with benches 9 meters high.
The ore is drilled and blasted, a drop ball
provides secondary breakage, and power
shovels load ore into trucks for haulage
to mill, about 0.4 kilometer away.

At Emerald Creek and Carpenter
Creek, Benewah County, ID, backhoes
are used to strip 1 to 2 meters of
overburden, exposing the garnetiferous
gravel. Mining is then carried out with
draglines, and ore is trucked to a mill for
processing.

Wollastonite mining at Willsboro, NY,
yields a byproduct concentrate containing
garnet, diopside-hedenbergite, and minor
amounts of wollastonite. After drilling,
blasting, and loading, the ore is
transported 22 kilometers to the plant for
separation of the wollastonite from the
garnet-diopside.
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Beneficiation.—The primary factors
controlling the behavior of garnet ore
during processing are the identity and
characteristics of the minerals present, the
percentage of each mineral present, and
the size of the garnet grains. The major
minerals associated with garnet in most
deposits are feldspar, mica, hornblende,
pyroxene, and quartz. Magnetite, pyrite,
ilmenite, limonite, pyrrhotite, and
occasionally chalcopyrite, rutile, zoisite,
chlorite, and corundum may be present in
much smaller amounts. Sodium feldspar
is the most common feldspar, biotite is
the most common mica, and hypersthene
and diopside are the most common
varieties of pyroxene present. The most
important physical property controlling
the behavior of the major and minor
minerals during concentration of the
garnet is their specific gravity.

At Barton Mines Corp.’s plant in New
York, gamnet is liberated, concentrated,
and further processed by combinations of
crushing and grinding, screening, tabling,
flotation, magnetic separation, water
sedimentation, drying, heat treating, and
air separation. Occasionally, a single
process will accomplish both sizing and
the removal of gangue minerals, but this
usually requires several processes.
Particle size control can be difficult but is
important for the concentration processes
to work effectively.

The process used by Barton Mines to
recover garnet has evolved over time. It
began in 1924 with construction of the
first "modern" plant where separation
was accomplished using jigs. In 1941,
heavy-media separation was added to the
system, and in 1945 flotation was added.
The current state-of-the-art mill is a
combination of heavy-media and flotation
circuits. Ore crushed to -7 millimeters is
screened to 3.36 to 2.38 millimeters with
the coarse fraction going to a heavy-
media circuit using a density of 3.02
grams/cubic meter for primary separation
and a density of 3.20 to 3.40 grams/cubic
meters for secondary separation. The
fine fraction from the screen goes to a
flotation circuit where it is first ground to
-0.3 millimeter in ball mills and then fed
to float cells. The concentrate from the
heavy-media circuit is roll crushed,
combined with the float concentrate, and

then dried and heat-treated in a rotary
kiln.

At Emerald Creek Gamet Co.’s
operation in Idaho, the ore is first
processed through trommels to remove
the gravel and is then concentrated in jigs
and on shaking tables. The garnet
concentrate is dried, crushed, and
screened. The maximum grain size of
finished products is 46 millimeters.

At NYCO Minerals’ mill in New
York, beneficiation of the wollastonite-
garnet ore requires two stages. The first
stage involves drying, crushing, screening,
and recrushing the feed to -1.19-milli-
meters. In the second stage, the -1.19-
millimeter ore passes over a series of
screens to attain -1.19 + 0.84-, -0.84 +
0.42-, -0.42 + 0.25-, and -0.25-
millimeter splits. A battery of magnetic
separators then removes the garnet from
each of these fractions. Four sizes of
final product are bagged for shipment.

Today, practically all grade-grain
abrasive garnet is heat treated as a
processing function, not to improve its
inherent abrasiveness. Impurities picked
up during processing stick to the garnet
particle surfaces. These impurities
destroy the cleanliness and capillarity
needed in later processing to give
adhesion for bonding. In the early
1960’s, scientific investigations
determined that heat treating only cleaned
the particle surfaces and that too high a
temperature could destroy the abrasive
quality of garnet. In the mid-1960’s, the
coated abrasive industry accepted uniform
color standards. These standards ensured
the cleanliness of the grain surface and a
color most closely approaching the
natural red color of abrasive gamet. The
heat treatment needed to do this is the RT
treatment.®

Annual Review

Production.—In 1993, the four U.S.
firms produced 43,995 tons of crude
garnet concentrate worth $4.4 million, an
18% decrease in quantity and a 4%
increase in value compared to those of
1992.

Consumption and Uses.—In 1993, the
quantity of gamet sold or used by
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producers was 55,760 tons, an increase
of 21%, and the value increased 18% to
$15.4 million. (See table 8.)

The major industrial use for high-
quality, high-value garnet since before
1880 has been as loose-grain abrasive for
applications such as optical lens grinding
and plate-glass grinding. In recent years,
its applications included the high-quality,
scratch-free lapping of semiconductor
materials and other metals. The finishing
of wood, leather, hard rubber, felt, and
plastics often requires the use of garnet-
coated abrasive papers and cloths.

The aluminum aircraft and
shipbuilding industries in California and
the Pacific Northwest use lower quality,
lower cost alluvial garnet, primarily from
Idaho, for sandblasting. Similar uses in
the Eastern United States are for the
cleaning and conditioning of aluminum
and other soft metals and for the cleaning
of metal by structural steel fabrication
shops. Mixed-media water filtration,
using a mixture of sand, anthracite, and
garnet, has displaced older filtration
methods because it is more reliable and
gives a better quality of water. Garnet
also is used in hydrojet cutting—it is
entrained in a high-pressure stream of
water to cut many different materials.
Demand for these uses has greatly
increased. The manufacturers of nonskid
floor paint also use alluvial and other
low-cost garnets.

Garnet has obtained an intermediate
place in the coated-abrasive field between
low-cost quartz sand and more costly
synthetic abrasives (silicon carbide and
fused alumina). Garnet is reportedly
more efficient based on unit production
costs than quartz sand. It also produces
a more desirable finish on items made of
wood, leather, hard rubber, felt, and
plastic.

Garnet, especially the lower grades,
cannot compete with synthetic abrasives
for most metalworking applications
requiring substantial metal removal
because of its friable nature and lower
hardness.

Prices.—The average value per ton of
crude garnet concentrates was $100, a
12% increase compared with the 1992
average. In 1993, the average value per

72

ton of garnet sold or used was $299, a
12% increase from that of 1992.

Foreign Trade.—Garnet exports, as
reported to the USBM, by producers
were about 11,400 tons, a 50% increase
from that of 1992. Export data on garnet
were not available from the Bureau of the
Census (Department of Commerce).
Producers have reported exports to the
USBM for the past 7 years. According
to reports by producers, exports, with the
exception of those for 1992, have
increased significantly.

Mineral brokers and other garnet
importers reported to the USBM about
12,200 tons of imported garnet,
essentially unchanged from that of 1992.
Import data for garnet also were not
available from the Bureau of the Census.
The United States was a net importer of
garnet in 1992 for the first time in history
and continued this new trend in 1993.

World Review.—The United States was
the dominant world producer and
consumer of gamet, accounting for
approximately 45% of the estimated
world output and nearly 40 % of estimated
world consumption. Studies are under
way on two new garnet operations;
Bitteroot Resources Ltd. is evaluating an
almandite deposit in Arizona, and
Royalstar Resources is evaluating an
andradite deposit in New Mexico.

European Garnet Ltd. announced plans
to install garnet recovery plants at gravel
pits in the Po Valley of northern Italy.
The company plans to recover up to
20,000 tons of garnet per year from its
first 10 plants.®

Target Mines Ltd. (a subsidiary of
Barton Mines) continued to produce at
near capacity from its Australian garnet
sand operation.

The Chinese mines continued to
increase production of garnet for the
domestic and world market. Two
mineral sand mining operations in India
continued to produce garnet as a
byproduct of mineral sands production.
Turkey and the Newly Independent States
(formerly the U.S.S.R.), primarily
produce for local markets.

Outlook

The U.S. production and consumption
of industrial garnet during the next 5
years will be a function of the installed
capacity and imports. Currently, the
industry is operating at or near capacity.
If capacity can be added, production and
consumption will increase to
approximately 80,000 tons per year by
1998. If garnet were not available, other
abrasives could be used in its place, but
in many cases with some sacrifices in
work volume, quality of work, or cost.

Substitution of other natural and
synthetic material is present to some
extent for all major end uses of garnet.
Fused alumina and staurolite compete
with garnet as a sandblasting material in
the transportation equipment industries.
Ilmenite and plastics compete as filtration
media. Diamond, corundum, and fused
alumina compete for lens grinding and for
many lapping operations. Finally, sand,
silicon carbide, and fused alumina
compete for grinding and finishing of
plastics, wood furniture, and other
products.

EMERY

Emery is a gray to black rock
containing various minerals, including
corundum, magnetite, hematite, or
hercynite, and trace minerals such as
mullite, titania, silica, and magnesia. Its
hardness ranges between 7 and 9 on the
Mohs scale and its specific gravity ranges
from 3.2 to 4.5, depending upon its
composition. It is used as an abrasive
aggregate for nonskid, wear-resistant
floors, pavements, and stair treads; as
tumbling or deburring media; and in the
manufacture of coated abrasives.

Annual Review

Production.—A single firm, Oregon
Emery, Albany, OR, produced emery in
1993 using open pit mining methods.
U.S. production of emery decreased
about 34% in quantity and value
compared with those of 1992.

Consumption.—The USBM estimated
that the United States consumed
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approximately 10,000 tons of emery in
1993. Imports from Greece and Turkey
accounted for most of the material
consumed. Four firms processed and
distributed emery for domestic
consumption: WashingtonMills Abrasives
Co., Emeri-Crete Inc., Oregon Emery,
and General Abrasives Co.

Foreign Trade.—The United States did
not export emery in 1993, nor has it done
so in the past 10 years. The Bureau of
the Census reports emery imports,
exports, and reexports in mineral group
categories; thus, exact data on emery are
not available.

World Review.—Turkey was the
world’s largest producer of emery. Its
production is handled by Etibank in
Ankara, by Ranar Minerals Industries
Corp. in Istanbul, and by Lutfullah E.
Kitapci Minerals Co., Ltd. in Izmir.
Total production in 1993 was estimated to
be in excess of 20,000 tons. Prices of
Ranar emery ranged from $34 to $48 per
ton for crude and from $220 to $460 per
ton for micronized grades.

The second largest producer was
Greece. In Greece, Government-owned
deposits on the Island of Naxos are
worked by villagers. It is estimated that
1993 production was about 10,000 tons.

STAUROLITE

Staurolite is a naturally occurring,
complex, hydrated aluminosilicate of iron
having a variable composition. The
mineral most commonly occurs as
opaque, reddish-brown to black crystals.
It has a specific gravity ranging from
3.74 to 3.83 and Mohs hardness of
between 7 and 8.

Annual Review

Production.—Georgia, North Carolina,
and Virginia produced mineral specimen
staurolite crystals. The crystals were in
the cruciform twinned form commonly
called "fairy crosses.” E.I. du Pont de
Nemours & Co. Inc. produced industrial-
grade staurolite in Florida. Publishing
production data would disclose company
proprietary data, but production of
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industrial staurolite increased 51% in
quantity and 136% in value compared
with those of 1992.

Industrial staurolite was a byproduct of
heavy-mineral concentrates recovered
from a beach sand deposit in Clay
County, north-central Florida. Electrical
and magnetic separators remove staurolite
from the concentrates after scrubbing,
washing with caustic, rinsing, and drying.
The resulting material was about 77%
clean, rounded, and uniformly sized
grains of staurolite, with minor amounts
of tourmaline, ilmenite and other titanium
minerals, kyanite, zircon, and quartz. A
nominal composition of this staurolite
sand is 45 % aluminum oxide (minimum),
18% ferric oxide (maximum), 5% silica
(maximum), and 3% zirconium dioxide
(maximum).

Consumption.—During 1993,
shipments of staurolite decreased 4% in
tonnage but increased 49% in value
compared with those of 1992. Staurolite,
marketed under the trade name Biasill,
was used as molding material in
nonferrous foundries because of its low
thermal expansion, high thermal
conductivity, and high melting point. Its
low softening temperature often restricts
its use to nonferrous casting. The major
use of staurolite was as an abrasive for
impact finishing of metals and
sandblasting of buildings. The blasting
media trade names were Starblast (80
mesh) and Siasill (90 mesh). A coarse
grade (55 mesh) also was used as an
abrasive. Some portland cement
formulations consumed a minor amount.
As regulations limiting the amounts of
free silica in airblasting media became
more stringent, the demand for staurolite
increased.

Foreign Trade.—Neither the Bureau of
the Census nor the staurolite industry
reported any exports or imports of
staurolite. Given the limited market and
the low price per ton, no international
market for staurolite should develop in
the near term.

World Review.—India continued to
produce small amounts of staurolite for
local consumption.  Other countries

sometimes produce small amounts of
staurolite as a byproduct of mineral sands
or gemstone production.

INDUSTRIAL DIAMOND

Industrial diamond is natural diamond
that does not meet the standards of gem
diamond because of its color, size, or
other imperfection. Also, it may be a
synthetic diamond that is tailor-made for
industrial applications.

Background
Definitions, Grades, and
Specifications.—Natural  industrial

diamond is diamond that, because of
color, structure, size, or shape, is
unsuitable for use as gemstones. Major
categories are industrial stones (die
stones, tool stones, and drilling stones),
crushing bort, and grit and powder. The
distinction between stone and grit is not
well defined; generally, the dividing line
is a range of sizes. Stones usually are
particles larger than 16 to 20 mesh, grit
from 16 to 20 mesh to 325 to 400 mesh,
and powder as particles smaller than 325
to 400 mesh. These categories are
subdivided further into more than 100
groups.'®

Bort is natural diamond that occurs in
finely crystalline aggregates and usually is
crushed into finer material. Originally,
the term was the name for all crystalline
diamonds not usable as gems. Later it
designated those diamonds not usable as
gems, tool stones, die stones, or drill
stones. Currently, the term refers to low-
grade industrial diamond suitable only for
use in a fragmented form.

Most synthesized diamond marketed to
date is 20 to 30 mesh and smaller.
Recently, producers began to manufacture
synthetic stones of 2 carats or larger.
Marketing of these stones to date is of
engineered pieces of the stones, not the
entire stone. Polycrystalline synthetic
diamond compacts and shapes can replace
some larger stones. There are several
types of synthetic diamond. They range
from very friable material with a highly
irregular shape to blocky, regular shapes
with excellent crystal structure. The
manufacture of industrial diamond stones
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is not commercially viable.

The metric carat, 0.2 gram, is the unit
of measure for industrial diamond. One
pound contains 2,268 carats, and 1
kilogram contains 5,000 carats. The
carat is equal to 100 points. Diamond
grit and powder sizes are identified by
U.S. standard screen classifications, by
ANSI Specification B74.16-1971,!' ANSI
Specification B74.20-1981,"2 and by a
proposed standard developed by the
Industrial Diamond Association'® for
subsieve micron-sized diamond or cubic
boron nitride powders. The terms
"sand,” "grit,” and "powder" also
describe decreasing orders of fine
diamond.

Machine-shop waste containing
diamond is sludge if obtained from wet
grinding and is called swarf if obtained
from dry grinding.

Industry  Structure.—The original
discoveries of diamond in India, Borneo,
and Brazil, and later in the Republic of
South Africa, were due to chance finds
by local inhabitants. Certain desirable
characteristics in diamond were noted
first in India and led to active search by
open pit workings and to concentration by
hand methods.

Probably the first industrial use of
diamond was as diamond powder for
polishing gem diamonds and other
precious stones. The art of diamond
cutting and polishing was known in India,
probably well before A.D. 1400.

Glasscutting was an early application
of diamond in industry. It was the most
important use of industrial diamond until
the 1860’s.

England issued a patent in 1819 for
drawing wire through a diamond die.
Diamond wiredrawing dies gave close
dimensional accuracy to wire, even after
long periods of use.

The use of diamond for metalcutting
began in the 1860’s, but the high price of
diamond tools was a drawback to their
acceptance. As the economic advantages
of using diamond tools became known,
demand increased rapidly.

The use of the first diamond drill was
in 1864. The discovery of diamond in
South Africa in 1867 provided ample
supply for the new and growing demand
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for diamond drill bits.

With the introduction of cemented
tungsten carbide cutting tools during
World War 1, industrial diamond use
increased. The cause of the increase was
that diamond was the most effective agent
in grinding tungsten carbide.
Requirements for industrial diamond
expanded tremendously because of World
War II, when demand increased for
grinding wheels, die stones, tool stones,
drill bits, dresser stones, and polishing
dust. The apparent supply of industrial
diamond decreased rapidly following
World War II.

In 1955, General Electric Co.
announced the development of a process
for the manufacturer of diamond at its
Schenectady, NY, laboratories.
Commercial production started in 1957 at
its plant in Detroit, MI. In 1969,
production moved to Worthington, OH.
In 1959, De Beers Consolidated Mines
Ltd. announced the manufacture of
industrial diamond at its laboratory in
Johannesburg, Republic of South Africa.
Since these two announcements, the
production of synthetic diamond by
General Electric, De Beers, and others
continued to increase. Today it exceeds
the production of natural diamond
worldwide about five times.

Geology.—The major source of inplace
diamond is kimberlite, an altered, dark-
green basic rock of igneous origin.
Throughout the world there are
approximately 1,000 occurrences of
kimberlite, but most do not contain
diamonds or do not contain diamonds in
economic quantities. The term "diamond
pipe" refers to an occurrence of
kimberlite large enough and sufficiently
diamondiferous to be mined. The size
and shape of these pipes depend on the
manner in which molten kimberlite passed
through the country rock. They may be
columnar, tabular, or irregular in shape.
Where mining is deep enough, the
diamond pipe always decreases in area
and assumes a dikelike habit.  The
diamond may contain inclusions of many
minerals, and many of these minerals
have inclusions of diamond. These
accessory minerals include olivine,
garmnet, diopside, ilmenite, magnetite,

rutile, and phlogopite. Every mine has
some diamond that is typical of it, but
most diamond is indistinguishable from
that of other mines.

Currently, approximately 40% of
diamond is from alluvial deposits. These
may be alluvial placers, recent or
elevated marine beach placers, or glacial
deposits. Often the distance of transport
has been great. In many areas, the
diamond-bearing, alluvial placers were
deposited in former drainage systems
unrelated to any present system.'4

Technology.—Mining.—Currently, the
United States has no commercial deposits
of diamond. In other countries, mining
methods range from very crude hand
mining and panning to block caving of
kimberlite pipes. Large-scale surface
mining operations in Australia, Zaire,
Angola, Namibia, and Sierra Leone!S use
modern equipment, such as continuous
bucket wheel excavators, power shovels,
draglines, scraper-loaders, and motor
trucks, to remove overburden and to mine
and transport the diamond ore.

Processing.—The type of ore, size of
operation, and other factors decide the
types of processing equipment used.
Crushing, where necessary, is done
mostly with gyratory and roll crushers to
avoid impact to diamond stones.
Additional grinding is done with attrition
and ball mills to further separate the
gangue from diamond stones. Clayey ore
may require the use of log washers.
Diamond washing pans, jigs, heavy-
medium separators, or hydrocyclones
collect the primary or intermediate
concentrates. Depending on the types,
shapes, and sizes of diamond present,
various final treatments are used. They
include the use of grease tables and
grease belts, electromagnetic separators,
electrostatic separators, optical sorters,
X-ray sorters, and other devices. In all
processing plants, hand sorting is the final
recovery process. 'S

Reclaiming industrial diamond stones
from drill bits and grit from the wastes
generated in grinding, sawing, and other
operations is common. This is because of
the high unit value of diamonds.
Reclamation processes include physical
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methods such as distillation to remove
coolants and lubricants, followed by
electrostatic, magnetic, or flotation
separation. Reclamation also uses
chemical methods, including combustion,
acid treatment, and fusion with alkalies.!”
The treatment used depends primarily on
the contaminants present.

Commercial production of synthetic
diamond grit is by two basic methods.
Currently, the primary method used
involves the application of ultrahigh
pressure and high temperature to carbon-
metal catalyst mixtures by powerful
hydraulic presses. This method uses
pyrophyllite and other materials for the
reaction vessel. Pyrophyllite for this
purpose is from the Republic of South
Africa, where the local name for it is
wonderstone. The major user of the
method now uses synthetic reaction-vessel
materials, alleviating the dependency on
foreign sources for pyrophyllite. The
material used for these replacement
reaction vessels is proprietary. The other
method employs explosive shock to the
carbon-metal catalyst mixtures.

Industrial diamond particles of good
quality up to 20 mesh and perhaps larger
are produced. The shape and other
characteristics can be controlled by
proper manipulation of the variables,
pressure, temperature, time, and catalyst
type. Only micrometer-size particles are
presently available from the explosive
process.  Other methods of diamond
synthesis exist, but none are in
commercial use in the United States.
Other countries produce diamond grit; all
of these apparently use the ultrahigh-

pressure, high-temperature method
involving hydraulic presses.
Polycrystalline synthetic diamond

compacts are a laminated structure of
synthetic diamond powder bonded to a
cemented carbide substrate. Their
production is by a proprietary high-
pressure, high-temperature process that
gives the product excellent uniform
physical properties.'®

The polycrystalline synthetic diamond
shape is a dense, nonporous, fully
intergrown product that is thermally
stable to 1,200° C. Production uses a
proprietary high-pressure, high-
temperature process using a special
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binder phase that is retained as an integral
part of the product and results in high
resistance to shock loading."

Annual Review

Government Programs.—The National
Defense Stockpile (NDS) for industrial
diamonds, as of December 31, 1993, had
a goal of zero and an inventory of 4.0
million carats for crushing bort. The
goal for industrial stones was 3.0 million
carats and the inventory was 6.46 million
carats. There is currently legislative
authority for disposal of 4.0 million
carats of bort and 3.0 million carats of
industrial stones. The inventory of small
diamond dies was 25,473 pieces
compared with a goal of zero pieces, but
no disposal authorization was issued.

Production.—The United States was
the largest producer of synthetic industrial
diamond. This has made the United
States independent of foreign sources for
crushing bort or similar diamond except
for grit sizes larger than about 20 mesh.
Having no production of natural diamond,
it was dependent on other countries for its
natural diamond supply.

Three domestic firms produced
synthetic industrial diamond in the United
States: Du Pont Industrial Diamond
Div., Gibbstown, NJ; General Electric
Co., GE Superabrasives, Worthington,
OH; and Suprahards, Inc. Cedar Knolls,
NJ. Two firms, Megadiamond Industries
Inc., a subsidiary of Smith International
Inc., Provo, UT, and U.S. Synthetics
Corp., Orem, UT, manufactured
polycrystalline diamond from purchased
synthetic diamond grit. Both firms had
the capability to manufacture synthetic
industrial diamond grit, but chose not to
for economic reasons. Publishing
production data would disclose company
proprietary data. Domestic production
did increase significantly. The United
States continued to be the largest single
producer of synthetic industrial diamond,
a role it has enjoyed since 1957.

U.S. secondary production of
industrial diamond was from six firms.
They were Amples Corp., Bloomfield,
CT; Diamondsharp Corp., Keene, NH;
Industrial Diamond Laboratory Inc.,

Bronx, NY; Industrial Diamond Powders
Co., Pittsburgh, PA; International
Diamond Services Inc., Houston, TX;
and National Research Co., Fraser, MI.
The firms reclaimed a total of about 16.1
million carats from used drill bits,
diamond tools, and wet and dry diamond-
containing waste.

Consumption and Uses.—The United
States continued to be the largest single
consumer of industrial diamond. The
USBM estimate of apparent consumption
of industrial diamond was approximately
149 million carats, an increase of about
51% compared with 1992 consumption.

Diamond is far harder than any other
natural or artificial abrasive material, so
it was essential for some uses and much
more efficient than other abrasives for
many others. The principal uses of
industrial diamond stones are in drilling
bits and reaming shells, single- or
multiple-point diamond tools, diamond
saws, diamond wheels, abrasive, and
diamond wiredrawing dies. Miscellaneous
uses include: engraving points,
glasscutters, bearings, surgical
instruments, and special tools. Changes
in technology and conventional wisdom
have resulted in an increased use of
synthetic  industrial diamonds and
polycrystalline diamond shapes (PDS) and
compacts (PDC) for many of the uses
listed. There has been an increased use
of PDS, PDC, and matrix set synthetic
diamond grit in drilling bits and reaming
shells in the past 3 years. Diamond
saws, diamond wheels, and diamond
abrasive grit and powder are almost
exclusively made from synthetic diamond.
PDS and PDC are used in the
manufacture of single- and multiple-point
tools, and PDC is used in a majority of
the diamond wiredrawing dies.

Mineral, oil, and gas exploration were
the primary uses of drilling bits and
shells. Foundation testing for dams,
buildings, and other construction also
used diamond bits and shells, as did
masonry drilling in buildings for conduits
and access and testing of concrete in
various structures and other similar
applications. = The primary uses of
diamond tools were for dressing and
trueing grinding wheels and for cutting,
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machining, boring, and finishing.
Beveling glass automobile windows also
were a use. Cutting dimension stone,
ceramics, and concrete in highway
reconditioning were the major uses of
diamond saws. The forming of
refractory shapes for furnace linings also
uses diamond saws. Diamond wire dies
were essential for high-speed drawing of
fine wire, especially from hard, high-
strength metals and alloys.

Diamond grit, powders, and
fragmented bort go into diamond grinding
wheels, saws, impregnated bits and tools,
and loose abrasives compounds for
lapping and polishing.

Three major types of grinding wheels
were made—resinoid, metal, and vitrified
bonds—in many shapes and sizes
designed for specific applications. The
sizes range up to 1 meter in diameter for
very large industrial wheels. Sharpening
and shaping of carbide machine tool tips,
grinding of dies, edging of plate glass,
and optical grinding were among the
primary applications of diamond grinding
wheels. The cutting of concrete, stone,
ceramics, and composite materials were
uses of saws made with diamond grit.
Very fine saws sliced wafers from brittle
metals and crystals for use in electronic
and electric devices.

Finishing optical surfaces, jewel
bearings, gemstones, wiredrawing dies,
cutting tools, and metallographic
specimens were the primary uses of
polishing and lapping powder and
compounds. Hundreds of other important
items made from metals, ceramics,
plastics, and glass also were finished with
diamond compounds.

Prices.—The USBM does not collect
price data on industrial diamonds. It did
track the average import value of various
classifications of industrial diamonds.
The average value of U.S. imports of
natural grit and powder, synthetic grit
and powder, and industrial stones was
$1.14 per carat, $0.64 per carat, and
$4.56, respectively.

Foreign Trade.—The United States
was the largest exporter of industrial
diamond grit and powder in the world.
The United States exported and
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reexported a record 106.6 million carats
of natural and synthetic grit and powder,
an increase of 23 % over the record set in
1992. The material was worth a record
$139.3 million. Additionally, the U.S.
exported and reexported approximately
3.4 million carats of industrial stones,
valued at $49.1 million.

Imports of dust, grit, and powder in
1993 were about 37 % more than those in
1992, a record high 132.8 million carats.

The 1993 imports of diamond stones
were about 47 % less than 1992 imports.
(See table 9.)

World Review.—Botswana and the
Republic of South Africa were the largest
producers of good-quality industrial
diamond stones. Australia and Zaire
were the world’s largest producers of
natural industrial diamond and were the
primary sources of natural crushing bort
as well as substantial producers of
industrial stones. Estimates suggest that
the former U.S.S.R. was the third largest
producer of natural industrial diamond,
but reliable data were lacking.® The next
largest, in order of volume, were
Botswana and the Republic of South
Africa. Other smaller but significant
producers were Angola, Brazil, China,
Ghana, and Venezuela.?? Total world
output of natural industrial diamond in
1993 was approximately 50.4 million
carats, a 3% increase over that of 1992.

Synthetic industrial diamond
production is significantly larger than the
production of natural industrial diamonds.
The countries that have synthetic diamond
production, in declining order, are the
United States, Ireland, Russia, South
Africa, China, Germany, Japan, Sweden,
Republic of Korea, Czechoslovakia,
Romania, France, and Greece.

Outlook

Diamond grit and powder should
experience substantial increases in
domestic demand for every end use
during the next 5 years. The increases
for synthetic grit and powder are
expected to be greater than for natural.
The constant-dollar prices of these
materials, especially the synthetic
diamond products, should continue to

decrease or at least remain constant.
This is because planned production
increases will make them more cost-
effective.  The contract construction
industry is an area in which the greatest
increases will occur. This is because
large quantities of saw-grade diamond
will be required for highway and bridge
repair and replacement. Large increases
also are expected in the dimension stone
industry as a cutting and polishing media.
The stone, clay, and glass industries will
increase their uses in cutting, shaping,
and polishing media.  Additionally,
polycrystalline synthetic diamond
compacts and shapes will continue to
displace natural diamond stone and
tungsten carbide drill bits in the mineral
services sector. The probable average
annual growth rate in U.S. production is
about 10%, based on estimates by the
U.S. producers. U.S. production of
synthetic material is sufficient to supply
U.S. diamond grit and powder demand.
The United States will continue to be a
major exporter.

The major domestic end use for
industrial stones in the next 5 years- will
continue to be in the oil, gas, and mineral
industries. These stones are natural and
cannot yet be manufactured
commercially. Polycrystalline synthetic
diamond compacts and shapes have had a
major negative impact on the natural
industrial diamond stone markets. This
will limit the growth of U.S. demand for
stone during the next 5 years. U.S.
consumption should average between 6
and 7 million carats per year for the next
5 years. Approximately 50% of the
potential natural stone applications will be
replaced by the synthetic compacts and
shapes by the year 2000. (See table 10.)

MANUFACTURED ABRASIVES

Manufactured abrasives include fused
aluminum oxide, silicon carbide, alumina-
zirconia oxide, and metallic shot and grit.
Production data for fused aluminum
oxide, silicon carbide, and alumina-
zirconia oxide were for the United States
and Canada. Data for metallic shot and
grit were for the United States only.

The fused aluminum oxide, silicon
carbide, and metallic abrasives industries

ABRASIVE MATERIALS—1993



continued to undergo consolidation and
reorganization during the year. (See
table 11.)

Fused Aluminum Oxide

Government Programs.—The NDS, as
of December 31, 1993, contained
223,959 tons of crude fused aluminum
oxide and 43,614 tons of abrasive-grain
fused aluminum oxide. There is no NDS
goal for abrasive-grain fused aluminum
oxide or crude fused aluminum oxide; all
of the material is targeted for disposal.
During 1993 the NDS disposed of 3,193
tons of crude fused aluminum oxide and
2,555 tons of abrasive-grade fused
aluminum oxide.

Production.—At yearend, four firms
were producing fused aluminum oxide at
seven plants in the United States and
Canada. Production of regular-grade
fused aluminum oxide in 1993 was
132,403 tons, a decrease of about 7%
from that of 1992.

Production of high-purity fused
aluminum oxide decreased 12 % to 21,276
tons. Total 1993 production of 153,680
tons was 8% less than that of 1992.

Consumption and  Uses.—Fused
aluminum oxide has a number of different
end uses in the form of graded grain.
The total value of sales of fused
aluminum oxide-graded grain for all uses
decreased 7% compared to that of 1992,
which was a 10-year high. The value of
sales for use in bonded abrasives declined
4%, coated abrasives increased 4%,
refractories decreased 24%, tumbling
media increased 14%, blasting abrasives
increased 5%, polishing cake and buffing
compounds decreased 21%, antislip
abrasives decreased 21%, polishing
abrasives decreased 10%, and all other
uses increased 13%. (See table 12.)

Prices.—The USBM did not collect
data on the prices of various grades of
fused aluminum oxide. It did collect data
on the value of fused aluminum oxide
production. = The average value of
regular-grade fused aluminum oxide, as
reported by producers, was approximately
$366 per ton. In 1993, the average value
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of high-purity fused aluminum was $621.
The average value of all grades of fused
aluminum oxide in 1993 was $401 per
ton. Mineral price quotations in various
December issues of trade magazines listed
prices for regular-grade fused aluminum
oxide of $555 to $660 per ton, while
high-purity was quoted at $810 to $938
per ton.

Foreign Trade.—The quantity of
exports plus reexports of fused aluminum
oxide decreased 8% to 11,019 tons; the
value of exports plus reexports increased
slightly to $28.5 million. The average
value per ton of fused aluminum oxide,
exported or reexported, increased 9% to
$2,588.

Imports increased about 16 % in 1993
to 158,000 tons, and the value of imports
increased about 4% to $76.9 million.

Silicon Carbide

Government Programs.—The NDS, as
of December 31, 1993, contained 31,508
tons of silicon carbide; the goal was zero.
During 1993, the Defense National
Stockpile Center of the Defense Logistics
Agency disposed of 5,797 tons of silicon
carbide. Existing legislation authorizes
disposal of all of the silicon carbide.

Production.—During 1993, three firms
produced silicon carbide at four plants in
the United States and Canada.
Production of abrasive-grade material
decreased 14% to 38,296 tons.
Production of metallurgical-grade silicon
carbide decreased about 7% to 36,650
tons. Total production of silicon carbide
decreased 11% in 1993 to 74,945 tons.

Consumption and Uses.—Silicon
carbide has a number of different end
uses in the form of graded grain. The
total value of sales of silicon carbide
graded grain for all uses decreased 8% in
1993. The total value of sales by
individual end use was a mixture of
increases and decreases. Sales for use in
bonded abrasives were down slightly,
coated abrasives were up 3 %, refractories
increased 8%, tumbling media decreased
slightly, blasting abrasive increased 12 %,
wiresawing abrasive was down 22%,

polishing cake and buffing compounds
were down 33 %, antislip abrasives were
up 14%, polishing abrasives were down
24 %, metallurgical was up 11%, and all
other uses were up 8%. (See table 12.)

Prices.—The USBM did not collect
price data on the various grades of silicon
carbide. Data were available on the
value of production of the various grades.
The average value per ton of abrasive-
grade silicon carbide, as reported by
producers, was $539; metallurgical-grade
averaged $526; and the average value of
all grades was $533. Mineral price
quotations in various December issues of
trade magazines listed prices for abrasive
grade as $900 to $1,425 per ton.

Foreign Trade.—Exports plus reexports
of silicon carbide in 1993 were 16,754
tons, a 24 % increase compared to that of
1992. While the total value of silicon
carbide exported plus reexported
increased 31% to $15.8 million, the value
per ton increased 6% to $942.

Imports of silicon carbide in 1993
increased 29% in quantity to 115,000
tons, the total value increased 14% to
$57.9 million. The average value per ton
decreased 23% to $441.

Alumina-Zirconia Oxide

One firm produced fused alumina-
zirconia oxide in two plants, one each in
the United States and Canada. Abrasive
applications accounted for all the
production. Publishing production data
would disclose company proprietary data.
Export and import data were not
available.

Metallic Abrasives

Production.—Nine firms produced
metallic abrasives in 10 plants in 1993.
The quantity and value of steel shot and
grit produced decreased about 2% and
6 %, respectively. The average value per
ton was $389, a 3% decrease compared
with that of 1992. Michigan,
Pennsylvania, Virginia, and Ohio, in
decreasing order of quantity, supplied the
production of steel shot and grit.

During 1993, two firms, one in
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Michigan and one in New York, reported
production of cut wire shot. Production
of shot and grit other than steel inclined
significantly in 1993, 34 % in quantity to
15,389 tons, and decreased 6% in value
to $7.7 million. The average value per
ton decreased about 30% to $503. (See
tables 13 and 14.)

Consumption.—The quantity of steel
shot and grit sold or used decreased
slightly to 202,925 tons, the total value
decreased 8% to $79.2 million, and the
average value per ton decreased 6% to
$390.

The quantity of other shot and grit
sold or used increased 31% to 15,855
tons. The value was essentially
unchanged at $8.7 million. The average
value per ton decreased 24% to $547.

The estimated apparent domestic
consumption of all types of metallic shot
and grit increased 4% in quantity to
203,555 tons, decreased slightly in total
value to $79 million, and decreased 4%
in average value per ton to $388. The
formula to calculate U.S. estimated
apparent consumption is U.S. sold or
used plus imports minus exports.

Foreign Trade.—U.S. exports of
metallic shot and grit increased 9% to
29,305 tons. The total value of exports
decreased 40% to $14.7 million, and the
average value per ton decreased 44 % to
$502.

U.S. imports of metallic abrasives
increased 105% in quantity to 26,140
tons, increased about 59% in total value
to $14.2 million, and decreased 22% in
value per ton to $542.

The United States was a net exporter
of metallic abrasives in 1993, a position
it has enjoyed for the past 10 years with
the exception of 1984.

!All units of measure in this chapter are metric.

2American National Standards Institute. Specifications
for Grading of Certain Abrasive Grains on Coated Abrasive
Products. ANSI B74.18-1977, 37 pp.

5 . Specification for Size of Abrasive Grains-
Grinding Wheel, Polishing, and General Industrial Uses.
ANSI B74.12-1976, 11 pp.

“Coes, Jr., L. Abrasive. Springer-Verlag, NY, 1971,
177 pp.

5Vogel, H. H., and Barton Mines Corp., Staff.
Abrasives. Ch. in Industrial Minerals and Rocks
(Nonmetallic Other Than Fuels). AIME, New York, 5th
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ed., 1983, pp. 21-25.

SThaden, R. E. Abrasives. Ch. in United States
Mineral Resources. U.S. Geol Surv. Prof. Paper 820,
1973, pp. 27-33.

"Work cited in footnote 4.

*Work cited in footnote 5.

*Industrial Minerals. No. 318, Mar. 1994, p. 13.

°Candler, H. P. Industrial Diamond. A Materials
Survey. BuMines IC 8200, 1964, 150 pp.

' American National Standards Institute. Specifications
for Checking the Size of Diamond. ANSIB74.16-1971 12
PP

2 . Specification for Grading of Diamond
Powder in Subsieve Size. ANSI B74.20-1981, 12 pp.

BIndustrial Diamond Association Inc. 1983 Listing of
Members.

“Wilson, A. N. Diamonds From Birth to Etemnity.
Gemological Inst. of Am., 1982, 450 pp.

1SWorks cited in footnotes 9 and 13.

¥De Beers Consolidated Mines Lid. Occurrences,
Mining and Recovery of Diamonds. Kercim Pres. L.,
Slough, Bucks, England, 1973, 44 pp.

Hoppe, R. Di d From the Kalahari. Eng. and
Min. J., v. 181, No. 5, May 1989, pp. 64-69.

"Born, W. What Diamond Recovery Should Mean to
You. Abrasive Eng. Soc., July-Aug. 1980.

General Electric Co., Specialty Materials Department.
Stratapax Drill Blanks. Sales Brochure No. SMD31-451,
8 pp.

®Indiaqua. New Polycrystalline Diamond Product
Developmentat DRL. V. 38, 1984/1, p. 125.

PWork cited in footnote 14.

2'Hawkins, B. Diamonds in China. Dep. Mines and
Energy Affairs, Republic of South Africa, No. 1/82. July
1982, 10 pp.
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TABLE 1

SALIENT U.S. ABRASIVES STATISTICS

Abrasive materials 1989 1990 1991 1992 1993
Production of:
Natural abrasives:
Tripoli (crude) metric tons 105,230 94,390 88,642 84,924 93,943
Value thousands $2,537 $3,194 $3,271 $3,256 $3,493
Special silica stone (crude)* metric tons 898 3,709 2,205 1,732 528
Value thousands $147 $230 $161 $239 $240
Garnet® metric tons 42,605 47,009 50,860 54,139 43,995
Value thousands $4,408 $6,939 $7,534 $4,842 $4,441
Emery metric tons w w w w 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 535,213 514,869 454,572 468,772 447,532
Value thousands $227,761 $218,207 $195,635 $208,560 $189,337
Foreign trade (natural and artificial abrasives):
Exports (value)® ¢ do. $260,363 $270,928 $295,743 $351,187 $369,090
Reexports (value)® ¢ do. $33,771 $24,545 $24,209 $32,088 $52,200
Imports for consumption (value)® ’ do. $419,084 $512,766 $450,880 $482,134 $529,003

tube-mill liners.

F.a.s.
"Customs value.

ABRASIVE MATERIALS—1993

W Withheld to avoid disclosing company proprietary data.
'Includes crude material used for producing grindstones, oilstones, whetstones, and deburring media; excludes data on material used for grinding pebbles and

2"Primary” garnet; denotes the first marketable product and includes crude concentrate.
*Includes Canadian production of crude silicon carbide and fused aluminum oxide plus shipments of metallic abrasives by producers.
*Excludes U.S. and Canadian production and value of aluminum-zirconium oxide.

*Source: Bureau of the Census, U.S. Department of Commerce.
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TABLE 2
U.S. EXPORTS OF ABRASIVE MATERIALS, BY KIND

1992 1993
Kind
Quantity (ngsl::ds) Quantity (mz:::ds)
NATURAL
Industrial diamond, natural or synthetic, powder or dust thousand carats 81,474 $119,146 105,233 $136,570
Industrial diamond, natural or synthetic, other do. 2,920 14,997 1,036 4,982
Natural abrasives, crude thousand kilograms 2,193 1,741 1,463 1,161
Natural abrasives, other do. 14,778 13,426 11,613 12,852
MANUFACTURED
Artificial corundum (fused aluminum oxide) do. 11,531 27,407 10,719 27,934
Silicon carbide, crude or in grains do. 13,512 11,844 16,742 15,775
Grinding and polishing wheels and stones:
Diamond thousands of items 812 22,973 792 23,811
Polishing stones, whetstones, oilstones, hones, and similar stone do. 1,969 7,365 1,985 6,758
‘Wheels and stones, n.e.c. do. 1,608 7,044 2,280 11,340
Abrasive paper and cloth, coated with natural or artificial abrasive materials
! thousand kilograms 14,924 101,096 14,507 113,260
Metallic abrasive: Grit and shot, including wire pellets do. 26,587 24,147 29,183 14,646
Total' XX 351,187 XX 369,090
XX Not applicable.
!Data may not add to totals shown b of independent rounding.

Source: Bureau of the Census.

TABLE 3
U.S. REEXPORTS OF ABRASIVE MATERIALS, BY KIND

1992 1993
Kind ! !
Quantity (ch:ls::ds) Quantity (ch:Is::ds)
NATURAL
Industrial diamond, natural or synthetic, powder or dust thousand carats 2,091 $6,233 1,389 $2,683
Industrial diamond, natural or synthetic, other do. 2,676 21,730 2,328 44,105
Emery, natural corundum, pumice in blocks thousand kilograms 163 269 16 196
MANUFACTURED
Artificial corundum (fused aluminum oxide) do. 437 935 300 585
Silicon carbide, crude or in grains do. 35 161 12 8
Grinding and polishing wheels and stones:
Diamond thousand items 28 579 39 865
Polishing stones, whetstones, oilstones, hones, and similar stone do. 31 227 73 431
Abrasive paper and cloth, coated with natural or artificial abrasive materials
thousand kilograms 309 1,784 438 3,260
Metallic abrasives: Short grit, pellets, etc. do. 349 170 122 68
Total XX 32,088 XX 252,200
XX Not applicable.
'F.a.8.

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

Source: Bureau of the Census.
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TABLE 4
U.S. IMPORTS FOR CONSUMPTION OF (NATURAL AND ARTIFICIAL)
ABRASIVE MATERIALS, BY KIND
1992 1993
Kind . Value! . Value!
Quantity (thou::xds) Quantity (!.ho:lsa:ds)
Silicon carbide, crude thousand metric tons 83 $36,019 109 $44,574
Aluminum oxide, crude do. 115 46,310 133 49,342
Abrasives, ground grains, pulverized or refined:
Silicon carbide do. 6 14,776 6 13,350
Aluminum oxide do. 21 27,897 25 27,546
Emery, corundum, flint, garnet, other, including artificial abrasives do. 21 6,172 31 2,910
Papers, cloths, other materials wholly or partly coated with natural ‘
or artificial abrasives do. 20 132,007 26 155,592
Hones, whetstones, oilstones, polishing stones thousand items 4 2,505 3 2,394
Abrasive wheels and millstones:
Burrstones manufactured or bound up into millstones do. 935 3,890 338 2,870
Solid natural stone wheels do. 153 796 176 629
Diamond do. 664 18,918 877 20,624
Abrasive wheels bonded with resins do. 5,734 29,308 5,050 27,634
Other do. ® 42,204 (@) 50,688
Grit and shot including wire pellets metric tons 12,779 8,931 26,140 14,156
Diamond, natural and synthetic:
Natural industrial diamond stones thousand carats 3,570 21,221 3,281 18,275
Miners’ diamond do. 6,215 23,415 1,924 17,389
Powder and dust, synthetic do. 86,720 55,739 124,880 69,765
Powder and dust, natural do. 10,565 12,027 7,952 11,265
Total XX 482,134 XX 529,003
XX Not applicable.
!Customs value.
2Quantity not reported.
3Data do not add to total shown b of independent ding
Source: Bureau of the Census.
TABLE §
PROCESSED TRIPOLI' SOLD OR USED BY PRODUCERS IN THE UNITED STATES, BY USE
Use 1989 1990 1991 1992 1993
Abrasives metric tons 26,192 24,090 21,239 18,603 19,385
Value thousands $3,172 $3,083 $3,382 $2,779 $2,955
Filler metric tons 63,080 56,468 52,334 57,603 58,877
Value thousands $9,185 $11,041 $10,009 $11,326 $12,571
Total quantity metric tons 89,272 80,558 73,575 76,205 78,262
Total value thousands $12,357 $14,124 $13,391 $14,105 $15,526
ncludes amorphous silica and Pennsylvania rottenstone.
2Data may not add to totals shown because of independent rounding.
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TABLE 6
SPECIAL SILICA STONE
FINISHED PRODUCTS SOLD
OR USED, AS REPORTED
BY U.S. PRODUCERS!

antit; Value
Year (mgt‘:'ic to)x’xs) (thousands)
1989 377 $5,459
1990 450 6,328
1991 272 3,600
1992 340 4,554
1993 267 3,767

deburring media.

YIncludes grindstones, oilstones, and whetstones.
Excludes grinding pebbles, tube-mill liners, and

TABLE 7

U.S. PRODUCERS OF SPECIAL SILICA STONE PRODUCTS IN 1993

Company and location

Type of operation

Product

Arkansas Abrasives, Inc.:
Hot Springs, AR

Stone cutting and finishing

Whetstones and oilstones.

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.
Do. Quarry Crude silica stone.
Dans Whetstone Cutting Co., Inc.:
Royal, AR Stone cutting and finishing Whetstones and oilstones.
Do. Quarry Crude novaculite.
B&J Construction:
Paron, AR do. Do.
Hall’s Arkansas Oilstones, Inc.:
Pearcy, AR Stone cutting and finishing Whetstones and oilstones.

Hardrock Mining, Inc.:
Hot Springs, AR

Tumbling and sizing novaculite

Metal finishing media and deburring media.

Hiram A. Smith Whetstone Co., Inc.:
Hot Springs, AR

Stone cutting and finishing

‘Whetstones and oilstones.

Do. Quarry Crude novaculite.
Ed Kramer & Sons:
Baraboo, WI 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. (Blue Mountain):

Hot Springs, AR do. Do.
Taylor Made Crafts:

Lake Hamilton, AR do. Do.
Wallis Whetstone:

Malvern, AR Quarry Crude novaculite.
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TABLE 8

GARNET SOLD OR USED, AS
REPORTED BY U.S. PRODUCERS

antit, Value
Year (mgrric to}n"ns) (thousands)
1989 41,320 $9,768
1990 45,935 11,759
1991 48,051 13,044
1992 46,098 13,049
1993 55,760 15,433

ABRASIVE MATERIALS—1993
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TABLE 10

DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY"!

(Thousand carats)
1989 1990 1991
c Natural Natural Natural
ountry Syn- Syn- Syn-
Gem? T goup theti'  Gem' U o thetic'  Gem? MU Tour thetic*
trial trial trial

Angola® 1,165 80 1,245 — 1,060 73 1,133 — 899 62 961 —
Australia 17,540 17,540 35,080 - 17,331 17,331 34,662 — 17,978 17,978 35,956 —
Belarus —_ - —_ — — - — — - . - -—
Botswana 10,680 4,570 15,252 — 12,150 5,200 17,352 — 11,550 4,950 16,506 —
Brazil 350 150 500 - 600 900 1,500 — 600 900 °1,500 —
Central African Republic 334 81 415 — 303 78 381 — 296 82 379 —
China® 200 800 1,000 15,000 200 800 1,000 15,000 200 800 1,000 15,000
Céte d’Ivoire® ¢ 9 3 12 — 9 3 12 — 11 4 15 —_
Czech Republic® - - — — - - — - - - - -
Czechoslovakia®® — — — 10,000 — — — 10,000 — — — 10,000
France® - — — 4,000 — — - *5,000 — - - 4,000
Gabon*® 400 100 500 — 400 100 500 — 400 100 500 —_
Ghana' 395 99 494 — 520 130 650 — 560 140 700 —
Greece® _ — — 1,000 —_ — — 1,000 — — - 1,000
Guinea* ¢ 137 10 147 — 119 8 127 — 91 6 97 —
Guyana 3 5 8 — 5 13 18 — 6 16 22 -
India 12 3 15 — 15 3 18 — 15 3 18 —
Indonesia® 7 25 32 — 7 23 30 — 8 24 32 -
Ireland® - - — 60,000 — — — 60,000 — — — 60,000
Japan® - - — 25,000 — — — 25,000 —_ — — 30,000
Liberia® " 62 93 155 — 40 60 100 —_ 40 60 100 —
Namibia 910 20 927 - 750 15 763 - 1,170 20 1,187 -
Romania® - - - 5,000 - - — 3,000 - — - 3,000
Russia® - - - — - - — - - — - -
Serbia and Montenegro® - - — - — - — — — — — —
Sierra Leone® 90 39 129 — 66 12 78 - 160 83 243 -
Slovakia® - - - - - — - - - - — -

South Africa, Republic

of:
Finsch Mine 1,600 3,000 4,610 - 1,480 2,700 4,178 — 1,200 2,280 3,483 —
Premier Mine 700 1,520 2,215 — 720 1,600 2,328 — 700 1,550 2,250 —
Venetia Mine — - — — 20 40 62 — 100 200 303 -
Other De Beers’

properties' 1,350 530 1,880 - 1,200 460 1,652 — 1,500 400 1,897 -
Other 350 50 411 - 380 100 488 — 400 100 498 -
Total 4,000 5,100 9,116 60,000 3,800 4,900 8,708 60,000 3,900 4,530 8,431 60,000
Swaziland 33 22 55 — 25 17 42 — 34 23 57 -
Sweden® - - — 25,000 - - — 25,000 - - — 25,000
Tanzania 105 45 150 — 60 25 85 — 70 30 100 —
U.S.S.R* ™ 11,500 11,500 23,000  *120,000 12,000 12,000 24,000 120,000 10,000 10,000 20,000 120,000
Ukraine — - — — — - — — — - — -
United States — - — w — - - w - - —_ 90,000
Venezuela 70 185 255 — 85 248 333 — 102 112 214 —
Yugoslavia® * — — — 5,000 — — - 5,000 — - — 5,000
Zaire 2,663 15,092 17,755 — 2,914 16,513 19,427 — 3,000 14,814 17814 -
Total 50,665 *55,562 106,242 325,000 52,459 *58,452 110,919 269,000 *51,090 54,737 105,832 423,000

See footnotes at end of table.
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TABLE 10—Continued

DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY"

(Thousand carats)

1992 1993°
Country N;:::::l Syn- N I:t:ral Syn
Gem?® v Total® thetic* Gem? s Total® thetic*
trial trial
Angola® 1,100 80 1,180 - 470 30 500 -
Australia 17,750 22,250 * 40,000 — 19,000 23,200 42,200 —
Belarus — — —_ °30,000 —_ — — 30,000
Botswana 11,160 4,790 15,946 — 12,000 5,000 17,000 —
Brazil® 653 665 1,318 - 600 900 1,500 -
Central African Republic 307 107 414 - 307 106 413 —_
China® 200 800 1,000 15,000 230 850 1,080 15,500
Céte d’Ivoire® ¢ 11 4 15 - 11 4 15 -
Czech Republic® — - —_ — - — - 5,000
Czechoslovakia®?® - - — 10,000 — — — —
France® —_ —_ — 3,500 — — - 3,500
Gabon® 400 100 500 —_ 400 100 500 —
Ghana'? 570 140 710 - 600 150 750 -
Greece® - - — 750 — - — 1,000
Guinea® 90 5 95 — 90 5 95 —
Guyana 13 32 r 45 — 14 36 50 —
India 15 3 18 — 16 3 19 —
Indonesia® 6 21 27 — 7 20 27 -
Ireland® — - — 60,000 — — - 66,000
Japan® — —_ — 30,000 —_ —_ — 32,000
Liberia® ! r762 r793 *7155 - 60 90 150 -
Namibia 1,500 50 1,548 — 1,100 40 1,139 -
Romania® — — — - — — — —
Russia® 9,000 9,000 18,000 80,000 8,000 8,000 16,000 80,000
Serbia and Montenegro' — - — 5,000 — - - 5,000
Sierra Leone® 200 96 296 - 90 68 158 -
Slovakia® — — — — — — - 5,000
South Africa, Republic of:
Finsch Mine 1,200 2,250 3,446 — 700 1,300 72,012 —
Premier Mine 740 1,700 2,444 — 500 1,100 71,596 -
Venetia Mine 660 1,200 1,868 — 1,750 3,200 74,969 -
Other De Beers’ properties' 1,350 500 1,849 — 900 350 1,249 —
Other 450 100 549 — 450 100 550 —
Total 4,400 5,750 10,166 °60,000 4,300 6,050 10,324 75,000
Swaziland 36 24 51 — 27 18 45 -
Sweden® — — — 25,000 — — — 25,000
Tanzania 48 20 68 — 48 20 68 —
U.S.SR.*™ - — — — - — — —
Ukraine — — —_ *10,000 — — — 10,000
United States — — — 90,000 — — - 103,000
Venezuela 302 176 478 — 335 200 535 —
Yugoslavia® !* — - — —_ - — — -

See footnotes at end of table.
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TABLE 10—Continued
DIAMOND: WORLD PRODUCTION, BY TYPE AND COUNTRY!

(Thousand carats)
1992 1993°
Country Natural Syn- Natural Syn-
Gem? Int!us- Total® thetic* Gem? Indus- Total® thetic*
trial trial
Zaire r78,934 *74,567 13,501 — 9,500 5,500 15,000 -
Total 56,757 48,773 105,521 419,250 57,205 50,390 107,620 456,000

‘Estimated. "Revised. W Withheld to avoid disclosing company proprietary data.

!Table includes data available through June 8, 1994. Total natural diamond output (gem plus industrial) for each country actually is reported, except where indicated by a footnote
to be esti d. In the detailed separate production data for gem diamond and industrial diamond are U.S. Bureau of Mines estimates except Brazil (1989-90), and
Central African Republic (1989-90), 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.

2Includes near-gem and cheap-gem qualities.

4

“Includes all synthetic d p
SFigures do not include smuggled artisanal production.

"Reported figure.
*Formerly part of Czechoslovakia.
Dissolved on Dec. 31, 1992.

for well above industrial prices.

hitherto reported to the Government.
Formerly part of Yugoslavia.

“Dissolved in Dec. 1991.
Dissolved in Apr. 1992.

*Natural gem and industrial data may not add to totals shown because of independent rounding.

SFigures are estimates based on reported exports and do not include smuggled diamonds.

TABLE 11

1"Gem" vs. "Industrial” diamond breakdown has been revised to reflect the value of near-gem material, classified as industrial prior to 1991, but which was ultimately being sold

"Data for 1989 do not include smuggled production. Data for 1990-92 are estimates of artisanal production, likely smuggled out of Liberia, but which are comparable to that

3Other De Beers’ Group output from the Republic of South Africa includes Kimberley Mines, Koffiefontein Mine, and Namaqualand Mines.

CRUDE ARTIFICIAL ABRASIVES MANUFACTURERS IN 1993

Company Location Product
The Exolon-Esk Co. Hennepin, IL Silicon carbide.
Do. Thorold, Ontario, Canada Fused aluminum oxide (regular).
General Abrasives Triebacher, Inc. Niagara Falls, NY Fused aluminum oxide (regular and high-purity).
Do. Niagara Falls, Ontario, Canada Fused aluminum oxide (regular) and silicon carbide.

Praxair Surface Technologies, Inc.

Indianapolis, IN

Fused aluminum oxide (high-purity).

Saint-Gobain/Norton Industrial Ceramics Corp.

Huntsville, AL

Fused aluminum oxide (high-purity) and aluminum-zirconium
oxide.

Do. Worcester, MA General abrasive processing.

Do. Chippawa, Ontario, Canada Fused aluminum oxide (regular and high-purity) and aluminum-
zirconium oxide.

Do. Shawinigan, Quebec, Canada Silicon carbide.

Superior Graphite Co.

Hopkinsville, KY

Do.

Washington Mills Electro Minerals (Canada) Corp.

Niagara Falls, Ontario, Canada

Fused aluminum oxide (regular).

Washington Mills Electro Minerals (US) Corp.

Niagara Falls, NY

Fused aluminum oxide (high-purity).

Washington Mills Ltd.

Niagara Falls, Ontario, Canada

Fused aluminum oxide (regular).

ABRASIVE MATERIALS—1993
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TABLE 12
END USES OF CRUDE SILICON CARBIDE AND ALUMINUM OXIDE (ABRASIVE GRADE)
IN THE UNITED STATES AND CANADA, AS REPORTED BY PRODUCERS

1992 1993
Use Quantity Value Yearend Quantity Value Yearend
(metric tons) (thousands) stocks (metric tons) (thousands) stocks
SILICON CARBIDE
Abrasives 44,673 $23,954 2,956 38,296 $20,647 1,448
Metallurgical 39,611 19,510 5,258 36,650 19,284 3,092
Refractories and other w w — w w —_
Total' 84,283 43,464 8,214 74,945 39,931 4,540
ALUMINUM OXIDE
Regular: Abrasives and refractories 142,545 56,284 6,388 132,403 48,482 14,392
High purity 24,231 14,388 1,134 21,276 13,220 1,256
Total' 166,777 70,672 7,522 153,680 61,700 15,648

W Withheld to avoid disclosing company proprietary data; included with "Metallurgical.”
!Data may not add to totals shown because of independent rounding.

TABLE 13
U.S. PRODUCERS OF METALLIC ABRASIVES IN 1993!

. Product
Company Location (shot and/or grit)

Alco Tech Wire Co. Traverse City, MI Cut wire.
Abrasive Materials, Inc. Hillsdale, MI Cut wire, steel.
Barnsteel Abrasives Butler, PA Annealed iron and steel.
Chesapeake Specialty Products Baltimore, MD Steel.
Durasteel Abrasive Co. Pittsburgh, PA Do.
Ervin Industries, Inc. Adrian, MI Do.

Do. Butler, PA Do.
Metaltec Steel Abrasives Co. Canton, MI Do.
National Metal Abrasive Co. Wadsworth, OH Do.
Pellets, Inc. Tonawanda, NY Cut wire.
The Platt Brothers, Inc. Waterbury, CT Other types.
Premier Shot Co. Cleveland, OH Cut wire shot.
The Wheelabrator Co. Bedford, VA Steel.

!Excludes reclaimed materials.
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TABLE 14
ANNUAL PRODUCTION, SHIPMENTS, AND PLANT CAPACITIES FOR
METALLIC ABRASIVES IN THE UNITED STATES, BY PRODUCT!

Production Shipments Capacity?
Product Quantity Value Quantity Value (metric
(metric (thou- (metric (thou- tons)
tons) sands) tons) sands)
1992:
Chilled iron shot and grit w w w w w
Annealed iron shot and grit w w w w w
Steel shot and grit 202,325 $81,330 205,623 $85,700 235,705
Other® 11,477 8,270 12,089 8,725 XX
Total* 213,802 89,601 217,712 94,424 XX
1993:
Chilled iron shot and grit w w w w w
Annealed iron shot and grit w w w w w
Steel shot and grit 197,547 76,832 202,925 79,216 247,440
Other® 15,389 7,746 15,855 8,672 XX
Total 212,936 84,578 218,780 87,888 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.
*Includes cut wire, aluminum, stainless steel shot, and items indicated by symbol W.
“Data may not add to totals shown b of independent rounding.
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ALUMINUM, BAUXITE, AND ALUMINA

By Patricia A. Plunkert and Errol D. Sehnke

Ms. Plunkert, a physical scientist with 25 years of U.S. Bureau of Mines experience, has been the commodity specialist for
aluminum since 1987. Domestic survey data for aluminum were prepared by Shonta E. Osborne, lead statistical assistant;
and the international data table was prepared by Harold D. Willis, international data coordinator.

Mr. Sehnke is a physical scientist with 20 years of minerals industry and U.S. Bureau of Mines experience. Domestic survey
data for bauxite and alumina were prepared by Shonta E. Osborne, lead statistical assistant; and international data tables were
prepared by Harold D. Willis, international data coordinator.

Aluminum is the second most abundant
metal element in the Earth’s crust after
silicon, yet it is a comparatively new
industrial metal that has been produced in
commercial quantities for just over 100
years. It weighs about one-third as much
as steel or copper; is malleable, ductile,
and easily machined and cast; and has
excellent corrosion resistance and
durability. Measured either in quantity or
value, aluminum’s use exceeds that of
any other metal except iron, and it is
important in virtually all segments of the
world economy.

Domestic primary aluminum
production decreased significantly in 1993
to its lowest level in 6 years. Thirteen
companies operated twenty-two primary
aluminum reduction plants and 1 plant
remained temporarily closed. Montana,
Oregon, and Washington accounted for
34% of the production; Kentucky, North
Carolina, South Carolina, and Tennessee,
22%; and other States, 44%. The value
of primary metal produced domestically
in 1993 was estimated at $4.3 billion. In
response to rising world inventories and
depressed prices, more than one-half of
the domestic primary aluminum smelters
announced temporary shutdowns in
production capacity during the year.

Aluminum recovered from purchased
scrap, however, increased to more than
2.9 million metric tons. Forty-five
percent of this recovered metal came
from new (manufacturing) scrap and 55%
from old scrap (discarded aluminum
products). The recycling rate for
aluminum used beverage can (UBC) scrap

ALUMINUM, BAUXITE, AND ALUMINA—1993

decreased slightly compared with that of
the previous year, but remained above the
60% level for the fifth consecutive year.

Aluminum consumption, by an
estimated 25,000 firms, was centered in
the East Central United States. Packaging
accounted for an estimated 30% of
domestic consumption; transportation,
26%; building, 17%; electrical, 9%;
consumer durables, 8%; and other uses,
10%.

U.S. imports for consumption
increased dramatically in 1993 and
reached an alltime high. Although there
were increased imports from several
different countries, one of the most
significant increases was the rise in the
level of imported ingot from the former
U.S.S.R. Total exports, however,
decreased to their lowest level since
1987.

The price of primary aluminum ingot
trended downward during 1993 on the
domestic and world markets. Prices in
the aluminum scrap markets paralleled the
general trend of primary ingot prices.

World inventories of metal continued
to rise during the year. By yearend,
inventories on the London Metal
Exchange (LME) reached record levels,
approaching 2.5 million tons. Inventories
held by producers, as reported by the
International Primary Aluminium Institute
(IPAI), exceeded 2 million tons.

Primary aluminum was produced in 44
countries in 1993. The United States was
the largest producer with 19% of the
world total, followed by Russia with 15%
and Canada with 12%. World metal

production remained relatively unchanged
compared with that of the previous year.
Announced production cutbacks,
particularly in the United States and
Europe, were counterbalanced by
increased smelter capacity that started
production during the year. The flow of
metal from the former U.S.S.R. to
Western markets continued. In late 1993,
the Government of Russia invited
representatives from several major
aluminum-producing countries to Moscow
to prepare the framework for informal
multilateral meetings to discuss the crisis
in the world aluminum market.

U.S. mine production of bauxite
increased in 1993; however, imports
continued to dominate the domestic
market. U.S. bauxite mine production
amounted to less than 1% of total world
production. Three companies operated
surface mines in Alabama and Georgia.
Virtually all of the domestic ore was
consumed in the production of
nonmetallurgical products such as
abrasives, chemicals, proppants, and
refractories. The United States remained
totally dependent on foreign sources of
metallurgical-grade  bauxite, and
approximately 92% of the total bauxite
consumed in the United States during
1993 was utilized for the production of
alumina.

World production of bauxite and
alumina, feedstocks for the aluminum
industry, increased by modest amounts in
1993. Mine production of bauxite was
reported from 26 countries, and alumina
was produced in 29 countries.
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Identified world bauxite resources
(reserves plus subeconomic and
undiscovered deposits) at yearend 1993
were estimated by the U.S. Geological
Survey to be 55 to 75 billion tons, in
South America (33%), Africa (27%),
Asia (17%), Oceania (13), and elsewhere
(10%). The world reserve base was
estimated by the U.S. Bureau of Mines at
28 billion tons and world reserves at 23
billion tons.

DOMESTIC DATA COVERAGE

Domestic production and consumption
data for aluminum, bauxite, and alumina
are developed by the U.S. Bureau of
Mines from five separate, voluntary
surveys of U.S. operations. Typical of
these monthly, quarterly, and annual
surveys is the "Aluminum" survey. Of
the 13 companies canvassed by this form,
all responded, representing 100% of the

total domestic primary aluminum
production.
ANNUAL REVIEW—
ALUMINUM
Production

Primary.—Domestic primary

aluminum production, totaling 3,694,752
tons, decreased compared with 1992
production levels. At the beginning of
1993, one smelter was temporarily closed
and the other 22 smelters were operating
at or near full capacity levels. During
the year, several companies announced
temporary reductions in primary metal
capacity levels. In their company .annual
reports and press releases, the companies
stated that these reductions were in
response to shortages of available
electricity and/or depressed metal prices.
By the end of the year, domestic primary
aluminum production capacity had been
reduced by a total of 790,000 tons, 20%
of engineered capacity levels. (See tables
1and?2.)

Secondary.—According to a survey
conducted by the Aluminum Association
Inc., the Institute of Scrap Recycling
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Industries, and the Can Manufacturers
Institute, 59.5 billion aluminum UBC’s
were recycled in 1993, equivalent to a
recycling rate of 63.1%. This was the
fifth consecutive year that the recycling
rate of aluminum UBC’s has exceeded
60%. (See tables 3, 4, and 5.)

Consumption and Uses

The container and packaging industry
remained the largest domestic consumer
of aluminum products, representing about
30% of the domestic shipments of
aluminum  products. The Can
Manufacturers Institute reported that 95.1
billion aluminum beverage cans were
shipped in 1993, representing more than
97% of the total metal beverage can
shipments.

The transportation industry accounted
for about 26% of domestic aluminum
shipments. According to a factsheet,
"Aluminum Applications in the
Automotive Industry,” published by the
Aluminum Association in October 1993,
the use of aluminum by the auto industry
has more than doubled from an average
of 35 kilograms (77 pounds) per car in
1971 to 87 kilograms (191 pounds) in
1991. Aluminum is used to make
hundreds of parts in the automotive
industry.  The report provided the
following examples of aluminum’s
widespread use. Approximately 30% of
all wheels are aluminum, and some
forecasts call for that number to increase
to 50% by 1995. Almost all passenger
car heat exchanger systems produced in
the United States are aluminum. Virtually
all passenger car transmission cases are
now produced in aluminum, as well as
some differential carriers. (See tables 6,
7, and 8.)

Stocks

Inventories of aluminum ingot, mill
products, and scrap at reduction and other
processing plants, as reported by the U.S.
Department of Commerce, increased
from 1.875 million tons at yearend 1992
to 2.046 million tons at yearend 1993.

The LME reported that its U.S.
warehouses held a total of 167,600 tons

of primary aluminum metal ingot at
yearend 1993, a decrease from the
213,525 tons of metal reportedly held in
these warehouses at yearend 1992. The
LME also reported that aluminum alloy
ingot held at its U.S. warehouses at
yearend 1993 decreased to 980 tons, a
mere fraction of the 10,120 tons of alloy
held at yearend 1992. Increased demand
by the domestic automotive diecasting
industry reportedly contributed to this
major decrease in LME alloy inventories.

There were no releases of aluminum
metal from the National Defense
Stockpile (NDS) during the year, and the
inventory level remained at 57,010 tons.

Markets and Prices

The monthly average U.S. market
price of primary aluminum metal, as
reported by Platt’s Metals Week,
fluctuated throughout the year but with a
general downward trend. The monthly
average price began the year at a high of
56.132 cents per pound and posted a low
of 49.950 cents per pound in November.
The average price for the year was
53.326 cents per pound, slightly more
than 4 cents per pound lower than the
1992 average annual price of 57.519
cents per pound. The LME cash price
for high-grade primary aluminum ingot
followed the same general trend as the
U.S. market price. The 1993 average
annual LME cash price was 51.667 cents
per pound.

Purchase prices for aluminum scrap,
as quoted by American Metal Market
(AMM), fluctuated during the year and
closed the year at lower levels than those
at the beginning of the year. The
yearend price ranges for selected types of
aluminum scrap were as follows: mixed
low-copper-content aluminum clips, 39.5
to 40.5 cents per pound; old sheet and
cast, 34.5 to 35.5 cents per pound; and
clean, dry aluminum turnings, 34 to 35
cents per pound. Prices for UBC’s
trended downward for most of the year
and closed about 6 cents per pound lower
than prices at the beginning of the year.
Aluminum producers’ buying price range
for processed and delivered UBC’s, as
quoted by AMM, began the year at 40 to

ALUMINUM, BAUXITE, AND ALUMINA—1993



42 cents per pound. The price range at
the end of the year widened and
decreased to 33 to 37 cents per pound.

In mid-July, AMM discontinued the
publication of secondary aluminum ingot
prices and substituted an indicator price
series. The yearend 1993 indicator price
for selected secondary aluminum ingots
were as follows: alloy 380 (1% zinc
content), 61.96 cents per pound; alloy
360 (0.6% copper content), 67 cents per
pound; alloy 413 (0.6 % copper content),
67.09 cents per pound; and alloy 319,
64.52 cents per pound.

The LME began cash trading of a
secondary aluminum contract in January.
The 1993 annual average price, based on
11 months of prices, was 45.13 cents per
pound. Metals Week published an annual
average U.S. price of 55.46 cents per
pound for A-380 alloy (3% zinc content),
the alloy comparable to that traded on the
LME.

Foreign Trade

Exports of all forms of aluminum from
the United States decreased from those of
1992 and reached their lowest level since
1987. Most of the decrease occurred in
the crude metal and alloys category.

Imports for consumption, however,
increased dramatically to a record high.
As with exports, the major change in
shipments occurred in the crude metal
and alloy category. Shipments from most
countries increased from those of the
previous year. Canada remained the
major shipping country to the United
States, accounting for two-thirds of the
ingot imports in 1993. The most
dramatic increase, however, was in the
level of imports from Russia, which
became the second largest shipping
country of aluminum ingot into the
United States. Combined imports from
Russia and Tajikistan approached 440,000
tons compared with slightly more than
16,000 tons of ingot imports from
countries in the former U.S.S.R. in 1992,
(See tables 9, 10, 11, and 12.)

World Review

World production of primary
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aluminum metal was relatively unchanged
in 1993 compared with that of the
previous year. Increased smelter capacity
that started production during the year
was offset by cuts in production in
Europe and the United States. The
continued slowdown in world economic
activity outside of the United States, and
the buildup of inventory levels, especially
those inventories held by the LME, kept
world metal prices at a depressed level.
Russian metal exports continued to flow
onto the world market. Estimates of the
quantity of metal exported from the
former U.S.S.R. ranged from 1.6 million
tons to more than 2 million tons.

Primary aluminum inventories held by
members of the IPAI, which represent the
bulk of stocks held outside the former
centrally planned economy countries and
the LME, increased from 1.717 million
tons at yearend 1992 to 2.007 million
tons at yearend 1993. IPAI reported that
total metal inventories, including
secondary aluminum, increased from
3.283 million tons at yearend 1992 to
3.532 million tons at yearend 1993.

Inventories of primary aluminum metal
held by the LME reached record levels in
1993. LME inventories increased by
almost 1 million tons during the year. At
the beginning of the year, LME
inventories totaled 1.527 million tons.
By yearend, the total had climbed to
2.486 million tons.

In August, the European Commission
announced the introduction of a 60,000-
ton limit on aluminum imports from the
former U.S.S.R. effective until the end of
November. The limit was subsequently
extended to allow another 45,000 tons of
imports through the end of February
1994. The import quotas were imposed
on all aluminum metal, whether it arrived
directly from states in the former
U.S.S.R. or through a third country.
The imposition of the import quotas was
seen as a temporary measure while
negotiations for an agreed-upon level of
imports continued.

In October, the Russian Government
invited several world aluminum-
producing countries to Moscow to
prepare the framework for informal
multilateral meetings to address the crisis

in the world aluminum market.
Representatives from Australia, Canada,
the European Community (EC), Norway,
Russia, and the United States met to
discuss the oversupply situation that
resulted from the downturn in the major
Western economies and the introduction
of the former U.S.S.R. as a major
exporter of aluminum. The 2-day
meeting ended with a commitment by all
participants to meet again in Washington,
DC, in December.

The second round of meetings held in
Washington, DC, brought together the
same group of producing nations along
with their industry representatives, who
were invited to give presentations
outlining their analyses of the crisis in the
aluminum market. Industry participation
was limited to a general session on the
first day of the meetings and included
most of the presidents and chief executive
officers of the world’s major aluminum-
producing companies, as well as
representatives from the IPAI. Industry
estimated that between 1.5 and 2 million
tons of aluminum had to be taken out of
production to return the market to balance
by 1996. Although no solution was
reached by the government
representatives at the meeting, the
framework for future meetings was
outlined. (See table 13.)

Current Research

Bench-scale tests by the U.S. Bureau
of Mines have shown that magnesium and
zinc can be readily distilled from
common aluminum alloys. The results
showed that temperature and pressure
strongly influenced distillation rates.
Changes in the alloy composition,
however, did not have a noticeable effect
on the distillation rates. Even though the
distillation rates were high, they were less
than predicted by distillation equations,
and possible explanations were explored.
A conceptual apparatus for integrating
distillation into a secondary aluminum
smelter was discussed. !

OUTLOOK—ALUMINUM

The world demand for aluminum metal
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showed signs of improvement during the
first half of 1994. Demand for aluminum
remained strong in the United States, and
other areas of the world appeared to be
edging out of the recent economic
downturn. Aluminum metal prices had
improved, and inventories, both LME
and IPAI, began to slowly decrease.
Exports of aluminum metal continued to
flow out of Russia but were beginning to
be absorbed by slowly expanding
aluminum markets. If these positive
economic signs persist, the excess metal
inventory supply overhanging the market
should begin to fade away and eventually
return to a more economically acceptable
level. Thereafter, the long-term growth
rate for aluminum metal should average
about 2% per year.

ANNUAL REVIEW—BAUXITE
AND ALUMINA

World production of bauxite and
alumina increased only modestly during
1993; bauxite production rose by 4% and
alumina output was up 3% over the
previous year’s total. Mine production of
bauxite was reported from 26 countries.
Domestic consumption of bauxite in 1993
rose over 1992 consumption levels, but
remained below a previous recent high
reached in 1991. Within the specialty
products area, consumption of
abrasive-grade bauxite fell below 1992
usage, but bauxite consumption by the
chemical and refractory industries
increased in 1993. Demand for alumina
was sluggish throughout the year, mainly
in response to reduced primary aluminum
smelter operating levels. U.S. production
of smelter-grade alumina increased by
2% in 1993, while shipments declined by
a very slight amount, less than 1%. U.S.
alumina consumption moderated slightly
from 1992 levels and a continued
softening of the alumina market
developed throughout 1993 as a buildup
occurred in alumina stocks. Alumina
reportedly was produced in 29 countries
around the world. (See table 14.)
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Legislation and Government Programs

There were no additions of bauxite to
the NDS in 1993; however, 508,000 tons
of Jamaican-type metallurgical-grade
bauxite was released from the NDS as
part of two individual, S-year sales
arrangements begun in fiscal 1993 by the
Defense Logistics Agency (DLA).
Reynolds Metals Co. bought 245,000 tons
of this material at $8.29 per ton and
Kaiser Aluminum and Chemical Corp.
bought a similar amount at $6.40 per ton.
Under terms of the separate agreements,
the purchase price accepted in fiscal 1993
will be indexed in future years to average
quarterly LME primary aluminum prices.
Additionally, at the close of the 1993
fiscal year, 49,000 tons of calcined
refractory-grade bauxite was sold from
the NDS.

Under the new Department of Defense
Annual Materials Plan (AMP) for fiscal
year 1994, released in mid-1993, DLA
was authorized to dispose of a further
914,000 tons of metallurgical-grade
bauxite—approximately 610,000 tons of
Jamaica type and 305,000 tons of
Suriname type. In fact, on December
16th, under this new authority, the DLA
agreed with Kaiser and Reynolds on
terms of sale for the fiscal year 1994
quotas in their separate long-term
contracts to purchase metallurgical-grade
bauxite from the NDS. Kaiser was
awarded 305,000 tons of Jamaican-type
bauxite at $8.53 per ton, while Reynolds
was awarded 305,000 tons at $6.59 per
ton. In addition, as a part of the 1994
AMP, DLA expects to release 51,000
tons of calcined refractory-grade bauxite
in fiscal year 1994. This is the maximum
amount recommended for disposal during
the fiscal year, and the actual level of
sales will depend upon prevailing market
conditions.

At yearend 1993, NDS holdings for
metallurgical-grade bauxite were 11.6
million tons of Jamaica type and 5 million
tons of Suriname type with both of these
amounts authorized for total disposal. The
NDS calcined refractory-grade bauxite
inventory was listed as 231,000 tons,
with 161,000 tons authorized for disposal.

Production

The total U.S. bauxite production
during 1993 was 29% greater than that
reported for 1992. The only currently
active bauxite mines remaining in the
United States are the surface operations in
Alabama and Georgia that produce
bauxitic materials, a natural mixture of
bauxitic clay and bauxite with a very low
iron oxide content, primarily used for the
production of alumina calcines. Demand
for these domestic ores increased by a
moderate amount during 1993. Within
this market sector, the Harbison-Walker
Refractories Div. of INDRESCO Inc.
shipped bauxite from mines in Alabama
to its local calcining plant and to Carbo
Ceramic Co.’s proppant plant at Eufaula,
AL. Throughout the year, C-E Minerals
continued to operate and maintain its
mines in Alabama and Georgia, with the
raw ore shipped to its Andersonville, GA,
facility for the production of refractory

products.

In 1993, Kaiser Aluminum and
LaRoche Chemicals Inc. formed a
worldwide joint venture to market
alumina trihydrate. The marketing
venture, Kaiser LaRoche Hydrate
Partners, reportedly will focus its

marketing efforts on companies that
produce flame retardants, catalysts,
zeolites, aluminum sulfate, and other
specialty chemicals. (See tables 15 and
16.)

Consumption and Uses

Weak demand for smelter-grade
alumina lowered the consumption of
crude and dried metallurgical-grade
bauxite to a level below that of 1992.
Consumption of bauxite by the abrasive
industry decreased by nearly 10% in
1993, while consumption within the
chemical and refractory industries
increased by moderate amounts for the
year. Approximately 92% of the bauxite
consumed in the United States during
1993 was refined to alumina, and an
estimated average of 2.08 tons of dried
bauxite was required to produce 1 ton of
calcined alumina. Twenty-two primary
aluminum smelters reported a
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consumption of 7.42 million tons of
calcined alumina in 1993, a 9% decrease
from the consumption level reported for
1992. This lower rate of consumption,
coupled with a lower level of U.S.
alumina imports, resulted in the
development of a reduced supply of
smelter-grade alumina for the domestic
alumina market. An estimated 91% of
the alumina shipped by U.S. refineries
went to domestic primary smelters for
metal production. Consumption in various
forms by the abrasives, chemicals,
refractories, and specialties industries
accounted for the balance of the alumina
usage. (See tables 17, 18, 19, and 20.)

Markets and Prices

Contract terms for the purchase of
metallurgical-grade bauxite and
smelter-grade alumina in world markets
are not normally made public, and,
consequently, prices for these
commodities are not published by trade
journals. Price quotes are generally
limited to certain specialty forms of
bauxite and alumina for nonmetallurgical
uses.

In 1993, the U.S. Bureau of Mines
estimated the average value of domestic
crude bauxite shipments, f.o.b. mine or
plant, to be $21 per ton. The average
value of calcined domestic bauxite was
estimated to be $195 to $200 per ton.
Base prices quoted by Industrial Minerals
magazine and independent sources for
imported calcined refractory-grade
bauxite were as follows: Chinese, typical
85% alumina (AlLO;), f.0.b. barge,
Burnside, LA, $85 to $120 per ton; and
Guyanese, f.0.b. rail car, Baltimore,
MD, or f.0.b. barge, Gulf Coast, $175
ton. Abrasive-grade bauxite, minimum
86% Al,0,, c.i.f. main European ports,
was priced at $95 to $108 per ton. Base
prices were subject to adjustment for
various grain-size specifications, size of
order, and fuel cost factors.

A growing alumina surplus on world
markets led to prices easing from the
very high levels established during the
previous 2 years. The average value of
domestic calcined alumina shipments was
estimated to be $192 per ton. Trade data
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released by the Bureau of the Census
indicated the average value of imported
calcined alumina was $182 per ton, f.a.s.
port of shipment, and $194 per ton, c.i.f.
U.S. ports. Beyond these current prices,
medium-term  projections support a
reasonably resilient market outlook for
alumina toward the mid-1990’s.

For 1993, the International Bauxite
Association (IBA) once again
recommended that its members set their
minimum c.i.f. price for metallurgical-
grade bauxite at between 2% and 2.5 % of
the composite reference price for primary
aluminum ingot and for metallurgical-
grade alumina between 14.5% and 16.5%
of the composite reference price for
primary aluminum ingot. In 1993, IBA
member countries produced 38% of the
world’s bauxite and 16% of its alumina.

A second United Nations Conference
on Trade and Development (UNCTAD)
ad hoc review meeting on bauxite was
held April 29-30, 1993, in Geneva,
Switzerland, to provide the world’s
bauxite-producing countries with a forum
in which to discuss the need for a
producer-consumer dialogue. The
meeting focused on the need for
improved market transparency, especially
improved statistical data, and particularly,
information regarding the republics of the
former U.S.S.R. (See table 21.)

Foreign Trade

Dried bauxite exports from the United
States totaled 85,000 tons in 1993, a
major increase over the 1992 total of
54,400 tons; Canada received 98 % of the
1993 exports. U.S. exports of calcined
refractory-grade bauxite totaled 2,800
tons for 1993; Mexico received 57% and
Canada 43%. Exports of all other grades
of calcined bauxite (chiefly abrasive
grade) amounted to 2,000 tons for the
year. Specialty aluminum compounds
exported included 6,800 tons of
aluminum sulfate, 7,800 tons of
aluminum chloride, 10,700 tons of
aluminum oxide abrasives, and 26,900
tons of various fluoride-based compounds
of aluminum, including synthetic cryolite
and aluminum fluoride.

Imports for consumption of crude and

dried bauxite increased by 6% from the
level of 1992 receipts, and the four
principal suppliers, Jamaica, Guinea,
Brazil, and Guyana, in order of
shipments, provided 93% of the total. As
in previous years, China and Guyana
remained the dominant suppliers of
calcined bauxite to the United States.
Australia continued to be the primary
source of U.S. alumina imports,
accounting for approximately 70% of the
total receipts for the year. (See table 22,
23, 24, and 25.)

World Review

World production of bauxite and
alumina increased in spite of a continued
sluggishness in demand for primary
aluminum metal and a protracted surge of
aluminum from the former U.S.S.R.
Twenty-six countries reportedly mined
bauxite in 1993, and the total world
production of bauxite increased to 105.6
million tons, an increase of 4% over
1992 production.  Australia, Guinea,
Jamaica, and Brazil, in order of volume,
accounted for slightly more than 70% of
the total bauxite mined during the year.
The corresponding world output of
alumina increased to 43 million tons,
which was 3% above the 1992 production
level. The four principal producing
countries, Australia, United States,
Russia, and Jamaica, in order of volume,
supplied approximately 60% of the total
world production.

Capacity.—The 1993 world annual
rated capacity of plants producing
alumina remained essentially unchanged
from the 1992 level. At the same time,
apparent worldwide refinery capacity
utilization for 1993 was estimated at
approximately 89% and represented a
increase of about 2% from the previous
year. As has been the case in recent
years, further increases in smelter-grade
alumina production capacity are primarily
expected to develop from incremental
expansions of existing plants and only in
very special situations from new
greenfield refineries, which normally
demand a 4- to S5-year design,
engineering, and construction period, plus
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very significant levels of capital

investment.

Australia.—In 1993, production levels
rose in this, the world’s largest bauxite-
and alumina-producing country. Bauxite
output was up by about 5% and alumina
increased by nearly 7%.

As a result of the decision by
Australia’s High Court on the Mabo
native claims case in mid-1992, several
Mabo-style land claims were filed by
Aboriginal groups in 1993, including
those that challenged Comalco Ltd.’s
bauxite mining leases at Weipa, on the
Cape York Peninsula in the far north of
Queensland. However, the Native Title
Act 1993, which was passed into law by
Australia’s Federal Government in late
1993, validated all mining leases granted
before 1975 and thereby ensured that
Comalco’s bauxite operations in
Queensland were not subject to native
title claims.

Alcoa of Australia Ltd. announced
plans to increase production capacity at
its Wagerup alumina plant in Western
Australia by a further 200,000 tons per
year to an annual capacity of
approximately 1.7 million tons, with this
new capacity expected to come on-stream
in mid-1994.

In an effort to strengthen its presence
in the Pacific Basin market area,
Alusuisse-Lonza announced that the
majority of its bauxite, alumina, and
alumina trihydrate trading activities would
be moved from Zurich, Switzerland, to
Sydney, Australia.  This marketing
activity will be managed by a newly
incorporated group, Alusuisse Australasia
Pacific Pty. Ltd.

Brazil. —Mineragao Rio do Norte
(MRN), operator of Brazil’s large
Trombetas bauxite mining operation in
the Amazon Basin, reportedly signed an
agreement to supply alumina plants in
Ukraine and Kazakhstan with 500,000
tons of bauxite in 1993. The price of the
bauxite was expected to be between
$22.50 and $23 per ton, f.o0.b.
Trombetas.

Plans reportedly were undertaken to
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resume construction work on a limited
scale at the long-delayed 1.1-million-
ton-per-year Alunorte alumina plant near
Belém in northern Brazil. State-controlled
Companhia Vale do Rio Doce (CVRD)
indicated that it would finance
construction using its own resources,
Government funds, and capital from two
recent joint ventures.

Canada.—Alcan Aluminium Ltd. of
Canada announced the development of a
new variant of the Bayer process
designed to exploit the different
dissolution temperatures of alumina
minerals in the recovery of alumina from
bauxite. The new process, designated as
counter-current  digestion, reportedly
provides energy savings of 7% to 10%.

Ghana.—Ghana reportedly was once
again seeking foreign investors for the
development of an alumina plant to fully
exploit its bauxite resources at Nyinahin
and Kibi.

Greece.—It was announced that Russia
and Greece are to resume the construction
of the stalled 700,000-ton-per-year
alumina plant near Thisvi in central
Greece. Russia now plans to acquire a
51% share in the Hellenic Alumina
Industries S.A. (Elva) joint-venture
project by providing $178 million in
direct financial investment. Alumina
produced by the facility would be
supplied to Russia under long-term
contracts, with Russia providing natural
gas as payment for the material.

Hungary.—The Hungarian aluminum
producer, Hungalu, secured alumina-
aluminum barter agreements with Russian
partners covering approximately 400,000
tons of its alumina exports in exchange
for 60,000 tons of Russian metal imports
in 1993. These trade contracts are
expected to provide short-term relief to
Hungary’s struggling bauxite and alumina
industries.

India.—Alcoa signed a joint-venture
agreement with India’s Associated
Cement Companies Ltd. (ACC) to

manufacture and market raw materials for
the Indian refractories and ceramic
industries. The new business partners
plan to build a facility at Falta, in West
Bengal, capable of producing 10,000 tons
of tabular alumina and magnesium
aluminate spinel aggregates when it
becomes operable in the second quarter of
1994.

India’s privately owned Indian
Aluminium Co. (Indal) and Tata
Industries have joined with Norsk Hydro
of Norway to set up an export-oriented
company that will build an alumina plant
with an annual installed capacity of 1
million tons per year in India’s eastern
State of Orissa. The facility, which will
be based on Alcan and Alusuisse
technology, is expected to cost 24,000
million Rupees (US$774.2 million) and
projected to come on-stream in 1998.

Indonesia.—Another country
interested in joining the alumina-
producing countries of the world is
Indonesia. The Indonesian Government
entered into a joint-venture project to
study the feasibility of establishing a
900,000-ton-per-year alumina plant on
Bintan Island in the Riau Archipelago.
This is a reactivation of a project initiated
in the early 1980’s.

Jamaica.—In Jamaica, alumina output
at Jamalco was increased to 700,000 tons
per year and was scheduled to be
expanded to 1 million tons per year by
1994. Jamalco is a joint venture of Alcoa
and the Jamaican Government.

Russian  Federation.—A  Russian-
registered joint stock company, Boksit
Timana, was reportedly awarded the
tender to develop the Middle Timan
bauxite deposits of the Komi Republic.
The development costs for this project
have been estimated at several billions of
dollars.

Saudi Arabia.—Saudi Arabia reported
the identification of additional bauxite
reserves near Az Zabirah in the northern
part of the country. Bauxite occurrences
in this area were evaluated in the late
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1970’s to early 1980’s.

In a related matter, the Gulf
Organization for Industrial Consulting
(GOIC) attempted to attract financial
interests in Saudi Arabia and the United
Arab Emirates to invest in developing the
region’s first alumina plant. Presently,
the majority of the region’s alumina
requirements are supplied by Australia.

South Africa, Republic of.—Royal
Dutch/Shell indicated it had entered
discussions with South Africa’s Gencor
Ltd. for the purchase of the major portion
of the metal assets owned by companies
within the Royal Dutch/Shell Group.
Gencor reportedly has expressed a
specific interest in the aluminum industry
assets that Royal Dutch/Shell holds in
Australia, Brazil, and Suriname. They
comprise various joint-venture holdingsin
bauxite and alumina operations.

Suriname.—Suriname Aluminium Co.
(Suralco) declared a force majeure on
alumina shipments in early February due
to an unexpected labor action at its
Paranam operations. The union and
company management were able to reach
agreement in about 2 weeks, and the
force majeure was lifted following
settlement of the strike.

In 1993, Billiton Maatschappij
Suriname commenced mining operations
at the Accaribo bauxite deposit near
Paranam.

Venezuela.—By midyear, various
reports indicated that Venezuela’s CVG
intended to merge its aluminum industry
holdings—Bauxiven, Interalumina, and
Venalum—into one single operating
company.

ICF Kaiser Engineers announced that
it was awarded a 9-month, $1 million
contract to conduct a feasibility study for
expanding CVG Interalumina’s alumina
plant at Puerto Ordaz, Venezuela, to an
annual capacity of 3 million tons per
year. The study is being funded by the
U.S. Trade and Development Agency.
(See tables 26 and 27.)
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OUTLOOK—BAUXITE AND
ALUMINA

Known world bauxite reserves are
sufficient to meet cumulative world
demand well into the 21st century.
Considering the high probability of
discovering additional bauxite deposits,
plus the added possibility of employing
lower grade bauxite deposits and other
alternative sources of alumina, world
resources of aluminum remain adequate
to satisfy demand for the foreseeable
future.

The continued and extended economic
restructuring of Eastern Europe and the
newly independent republics of the
former U.S.S.R. appears to provide
substantially increased market
opportunities for the established bauxite-
and alumina-producing countries of the
world. The quality and quantity of
bauxite resources within the former
Eastern bloc nations are believed to be
incapable of sustaining an economically
viable market-based aluminum industry.
To become truly competitive in the "new
global economy,” major amounts of
imported bauxite and alumina feedstocks
will be required to supply the primary
aluminum production facilities of the
former U.S.S.R. The most crucial
element in the development of this trade
pattern will be the implementation of
adequate and reliable payment or tolling
mechanisms for the continued timely
transfer of these vital raw materials to the
aluminum industry of the former
U.S.S.R.

In the short term, the outlook for the
metallurgical markets of bauxite and
alumina seem rather bleak owing to the
oversupply of primary aluminum metal
that has been provoked by substantial
exports from the former U.S.S.R. and
excess primary metal production capacity
in the Western World. On. a more
positive note, nonmetallurgical consumers
of bauxite and alumina are expected to
provide the fastest growing markets in the
1990’s. In these specialty product areas
it is envisioned that bauxite and alumina
will lose some market share within the
refractory and abrasive materials sectors,

but gain very substantially in the ceramics
and plastics markets.

'Murphy, J. E., and J. J. Lukasko. Vacuum
Distillation of Magnesium and Zinc From Aluminum Scrap.
Paper in Light Metals 1993, ed. by S. K. Das (122nd TMS
Annu, Meeting, Denver, CO, Feb. 21-25, 1993). TMS-
AIME, Warrendale, PA, 1993, pp. 1061-1065.

OTHER SOURCES OF INFORMATION
Bureau of Mines Publications

Aluminum. Ch. in Mineral Commodity
Summaries, annual.

Bauxite. Ch. in Mineral Commodity
Summaries, annual.

Aluminum.  Mineral Industry Surveys,
monthly.

Bauxite and Alumina.
Surveys, quarterly.

Primary  Alumina
biennial.

Primary Aluminum Plants Worldwide, Parts
I and II, annual.

Mineral Industry

Plants Worldwide,

Other Sources

Aluminum Association Inc.  Aluminum
Statistical Review, annual.

American Metal Market (daily paper).

Industrial Minerals (London), monthly.

International Bauxite Association.
Review, quarterly.

Metal Bulletin.

Metals Week.

Roskill Information
Aluminium 1992, 5th ed.
Bauxite & Alumina 1993, 2nd ed.

IBA

Services Ltd.
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TABLE 1
SALIENT ALUMINUM STATISTICS

(Thousand metric tons and thousand dollars unless otherwise specified)

1989 1990 1991 1992 1993
United States:
Primary production 4,030 4,048 4,121 4,042 3,695

Value $7,801,086 $6,604,398 $5,402,627 $5,125,612 $4,343,667
Price: (average cents per pound)

U.S. market (spot) 87.8 74.0 59.5 57.5 53.3
Secondary recovery 2,054 2,393 2,286 2,756 2,944
Exports (crude and semicrude) 1,615 1,659 1,762 1,453 1,207
Imports for consumption (crude and semicrude) 1,470 1,514 1,490 1,725 2,545
Aluminum industry shipments' 6,751 6,592 6,395 6,809 7,231
Consumption, apparent 4,957 5,264 5,043 5,725 6,540

World: Production 19,010 19,299 19,575 19,467 19,816
*Estimated. "Revised.
!Shipped to domestic industry.

TABLE 2

PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY IN THE UNITED STATES, BY COMPANY

Yearend capacity

Company (thousand metric tons) 1993 ownership (percent)
1992 1993
Alcan Aluminum Corp.:
Sebree, KY 180 180 Alcan Aluminium Ltd., 100%.
Alumax Inc.: = =
Ferndale, WA (Intalco) 275 275 AMAX Inc., 75%; Mitsui & Co., 11%; Toyo Sash, 7%;
Yoshida Kogya K.K., 7%.
Frederick, MD (Eastalco) 170 170 Do.
Mount Holly, SC 184 184 AMAX, 73%; Clarendon Ltd., 27%.
Total 629 629
Aluminum Co. of America:! = I
Alcoa, TN 210 210 Aluminum Co. of America, 100%.
Badin, NC 115 115 Do.
Evansville, IN (Warrick) 300 300 Do.
Massena, NY 125 125 Do.
Rockdale, TX 315 315 Do.
Wenatchee, WA 220 220 Do.
Total 1,285 1,285
Columbia Aluminum Corp.:
Goldendale, WA 168 168 Columbia Aluminum Corp., 70%; employees, 30%.
Columbia Falls Aluminum Co.:
Columbia Falls, MT 168 168 Montana Aluminum Investors Corp., 100%.
Kaiser Aluminum & Chemical Corp.: = I
Mead, WA (Spokane) 200 200 MAXXAM Inc., 100%.
Tacoma, WA 73 73 Do.
Total T T

See footnotes at end of table.
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TABLE 2—Continued
PRIMARY ANNUAL ALUMINUM PRODUCTION CAPACITY IN THE UNITED STATES, BY COMPANY

Yearend capacity

Company (thousand metric tons) 1993 ownership (percent)
1992 1993
NSA:
Hawesville, KY 186 186 Southwire Co., 100%.
Noranda Aluminum Inc.:
New Madrid, MO 215 215 Noranda Mines Ltd., 100%.
Northwest Aluminum Corp.:?
The Dalles, OR 82 82 Martin Marietta Corp., 87.2%; private interests, 12.8%.
Ormet Corp.:
Hannibal, OH 245 245 Ohio River Associates Inc., 100%.
Ravenswood Aluminum Corp.:
Ravenswood, WV __lg§ __16_8 Stanwich Partners Inc., 100%.
Reynolds Metals Co.: - T
Longview, WA 204 204 Reynolds Metals Co., 100%.
Massena, NY 123 123 Do.
Troutdale, OR 121 121 Do.
Total T 448 a8
Vanalco Inc.:
Vancouver, WA 116 116 Vanalco Inc., 100%.
Grand total ﬁ m
!Individual plant capacities are U.S. B of Mines esti based on company reported total.

2Northwest Aluminum Corp. signed a lease-purchase agreement for The Dalles smelter with Martin Marietta Corp. in 1986.

TABLE 3
U.S. CONSUMPTION OF AND RECOVERY FROM PURCHASED NEW
AND OLD ALUMINUM SCRAP,' BY CLASS
(Metric tons)
Class Consumption .Calculated fecovery -
Aluminum Metallic
1992
Secondary smelters 945,627 760,064 815,548
Intergrated aluminum companies 1,365,751 1,139,971 1,215,115
Independent mill fabricators 553,318 473,818 505,679
Foundries 85,529 70,298 75,555
Other consumers 9,899 9,899 9,899
Total 2,960,124 T 22,454,049 2,621,796
Estimated full industry coverage® 3,112,000 2,580,000 2,756,000
1993 =
Secondary smelters 1,134,840 881,726 946,036
Intergrated aluminum companies 1,344,522 1,120,756 1,194,230
Independent mill fabricators 607,569 523,833 559,077
Foundries 89,925 74,256 79,881
Other consumers 9,558 9,558 9,558
Total 3,186,414 2,610,129 2,788,782
Estimated full industry coverage® 3,365,000 2,754,000 2,944,000
"Revised.
!Excludes recovery from other than aluminum-base scrap.
2Data do not add to total shown b of independent ding.
SRounded.
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TABLE 4

(Metric tons)

U.S. STOCKS, RECEIPTS, AND CONSUMPTION OF PURCHASED NEW
AND OLD ALUMINUM SCRAP' AND SWEATED PIG IN 1993

Class of consumer and type of scrap ?::ki’ recl:?;tsz Consumption g::fk;’l
Secondary smelters:
New scrap:
Solids 4,779 96,359 96,886 4,252
Borings and turnings 4,321 114,277 114,632 3,966
Dross and skimmings 2,580 131,131 128,507 5,204
Other® 1,035 127,935 122,852 6,118
Total 12,715 469,702 T 462,877 19,540
Old scrap: _— —_— —_—
Castings, sheet, clippings 13,358 516,789 515,192 14,955
Aluminum-copper radiators 946 8,263 8,110 1,099
Aluminum cans* 1,149 101,079 100,812 1,416
Other® *453 46,039 46,238 254
Total 15,906 672,170 670,352 17,724
Sweated pig 229 1,680 1,611 298
Total secondary smelters 28,850 1,143,552 1,134,840 37,562
Integrated aluminum companies, foundries, independent mill
fabricators, other consumers:
New scrap:
Solids 11,182 669,430 667,650 12,962
Borings and turnings 385 32,960 33,054 291
Dross and skimmings 39 11,486 11,511 14
Other® 7,094 232,592 228,402 11,284
Total 18,700 946,468 940,617 24,551
Old scrap: - - -
Castings, sheet, clippings 8,337 314,535 315,384 7,488
Aluminum-copper radiators 358 2,089 2,284 163
Aluminum cans 23,714 757,104 770,148 10,670
Other® 226 12,372 11,860 738
Total 32,635 1,086,100 1,099,676 19,059
Sweated pig 268 11,348 11,281 335
Total intergrated aluminum companies, etc. *51,603 72,043,916 2,051,574 43,945
All scrap consumed: - - -
New scrap:
Solids 15,961 765,789 764,536 17,214
Borings and turnings 4,706 147,237 147,686 4,257
Dross and skimmings 2,619 142,617 140,018 5,218
Other® 8,129 360,527 351,254 17,402
Total new scrap 31,415 1,416,170 1,403,494 44,091
Old scrap: - - .
Castings, sheet, clippings 21,695 831,324 830,576 22,443
Aluminum-copper radiators 1,304 10,352 10,394 1,262
Aluminum cans 24,863 858,183 870,960 12,086
Other® 679 58,411 58,098 992
Total old scrap *48,541 1,758,270 1,770,028 36,783
Sweated pig 497 13,028 12,892 633
Total of all scrap consumed 180,453 73,187,468 3,186,414 81,507

"Revised.

?Includes inventory adjustment.
*Includes data on foil, can stock clippings, and other miscellaneous.

’Includes municipal westes (includes litter) and fragmentized scrap (auto shredder).

100

'Includes imported scrap. According to reporting companies, 8.41% of total receipts of aluminum-base scrap, or 265,305 metric tons, was received on toll arrangements.

“Used beverage cans toll treated for primary producers are included in secondary smelter tabulation.
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TABLE §
PRODUCTION AND SHIPMENTS OF SECONDARY ALUMINUM ALLOYS BY
INDEPENDENT SMELTERS IN THE UNITED STATES

(Metric tons)
1992 1993
Production shipI::ms‘ Production shipl::e'ms'
Die-cast alloys:
13% Si, 360, etc. (0.6% Cu, maximum) 41,921 44,703 45,539 44,724
380 and variations *465,503 465,009 517,948 516,863
Sand and permanent mold:
95/5 Al-Si, 356, etc. (0.6% Cu, maximum) 78,089 67,146 85,064 84,406
No. 12 and variations w w w w
No. 319 and variations 52,852 52,931 67,373 65,654
F-132 alloy and variations 52,652 51,483 24,025 25,844
Al-Mg alloys 645 644 639 641
Al-Zn alloys 3,086 2,881 3,218 3,468
Al-Si alloys (0.6% to 2.0% Cu) 10,680 10,705 10,840 11,018
Al-Cu alloys (1.5% Si, maximum) 1,664 1,588 1,738 1,726
Al-Si-Cu-Ni alloys 1,352 1,326 1,360 1,395
Other 2,707 2,771 3,792 3,812
Wrought alloys: Extrusion billets 71,486 65,861 80,914 84,880
Miscellaneous: ‘
Steel deoxidation 3,345 3,413 — —
Pure (97.0% Al) 59 69 - -
Aluminum-base hardeners 93 97 93 93
Other® 34,262 33,433 34,244 35,233
Total 820,396 r3804,063 876,787 879,757
Less consumption of materials other than scrap:
Primary aluminum 65,351 —_ 79,643 —
Primary silicon 35,573 - 39,192 -
Other 3,620 - 4,601 -
Net metallic recovery from aluminum scrap and sweated pig
consumed in production of secondary aluminum ingot* 715,852 XX 753,351 XX

"Revised. W Withheld to avoid disclosing company proprietary data; included with "Sand and permanent mold: Other.” XX Not applicable.

NMncludes i adiustment.

?Includes other die-ca;t alloys and other miscellaneous.
3PData do not add to total shown because of independent rounding.
“No allowance made for melt-loss of primary aluminum and alloying ingredients.
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TABLE 6
U.S. APPARENT ALUMINUM SUPPLY AND CONSUMPTION

(Thousand metric tons)

1989 1990 1991 1992 1993

Primary production 4,030 4,048 4,121 4,042 3,695
Change in stocks:'

Aluminum industry +61 +2 +45 -100 -171

LME stocks in U.S. warehouses - — -168 -46 +46

National Defense Stockpile - — — -55 —
Imports 1,470 1,514 1,490 1,725 2,545
Secondary recovery:?

New scrap 1,043 1,034 969 1,144 1,312

Old scrap 1,011 1,359 1,317 1,612 1,632

Total supply 7,615 7,957 7,774 18,322 9,059

Less total exports 1,615 1,659 1,762 1,453 1,207
Apparent aluminum supply available for domestic manufacturing 6,000 6,298 6,012 6,869 7,852
Apparent consumption® 4,957 5,264 5,043 5,725 6,540
"Revised.

'Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks.
*Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry coverage.
SApp aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure of consumption in manufactured end products).

TABLE 7
DISTRIBUTION OF END-USE SHIPMENTS OF ALUMINUM PRODUCTS
IN THE UNITED STATES, BY INDUSTRY

1991 1992 1993
Industry Quantity Percent Quantity Percent Quantity Percent
i (thousand of (thousand of (thousand of
metric tons) grand total metric tons) grand total metric tons) grand total
Containers and packaging 2,210 8.5 2,259 8.1 2,181 26.2
Building and construction 1,052 13.6 1,144 '14.2 1,237 149
Transportation 1,414 18.2 1,591 19.8 1,904 229
Electrical 579 7.5 587 73 609 7.3
Consumer durables 472 6.1 523 6.5 563 6.8
Machinery and equipment 426 5.5 448 5.6 477 5.7
Other markets 241 3.1 256 3.2 259 3.1
Total to domestic users' 6,395 82.5 6,809 7846 7,231 86.9
Exports 1,357 f17.5 1,236 15.4 ,09 13.1
Grand total! 7,752 7100.0 3,045 "100.0 8,324 1000
"Revised.

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

Source: The Aluminum Association Inc.
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TABLE 8

(Metric tons)

U.S. NET SHIPMENTS' OF ALUMINUM WROUGHT
AND CAST PRODUCTS, BY PRODUCERS

1992 1993¢
Wrought products:
Sheet, plate, foil 4,097,009 4,030,039
Rod, bar, pipe, tube, and shapes 1,185,893 1,293,910
Rod, wire, cable 303,475 296,935
Forgings (including impacts) 61,705 126,865
Powder, flake, paste 43,035 58,796
Total 5,691,117 5,806,545
Castings:
Sand 98,761 NA
Permanent and semipermanent mold 197,848 NA
Die 594,531 NA
Other 26,703 NA
Total 917,843 NA
Grand total 6,608,960 NA

PPreliminary. NA Not available.
industry’s gross shipments of that shape.

Source: U.S. Department of Commerce.

TABLE 9

INet shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic

U.S. EXPORTS OF ALUMINUM, BY CLASS

1992 1993
Class (%::::;? Value (%:;r::::y Value

tons) (thousands) tons) (thousands)

Crude and semicrude:
Metals and alloys, crude 603,818 $843,261 400,435 $540,502
Scrap 295,239 299,598 211,609 211,390
Plates, sheets, bars, strip, etc. 533,905 1,416,160 570,859 1,345,845
Castings and forgings 5,348 54,904 6,064 55,778
Semifabricated forms, n.e.c. 14,383 66,279 17,573 75,229
Total' 1,452,695 2,680,202 1,206,539 2,228,744

Manufactures:

Foil and leaf 41,751 128,389 53,244 153,165
Powders and flakes 4,246 16,406 5,082 18,379
Wire and cable 28,758 86,395 40,184 98,655
Total! 74,755 231,190 98,510 270,200
Grand total 1,527,450 2,911,392 1,305,049 2,498,944

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

Source: Bureau of the Census.
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TABLE 10
U.S. EXPORTS OF ALUMINUM, BY COUNTRY

Metals and Plates, sheets, bars, etc.! Scrap Total®
alloys, crude

Country Quantity Value Quantity Value Quantity Value Quantity Value

(metric (thou- (metric (thou- (metric (thou- (metric (thou-

tons) sands) tons) sands) tons) sands) tons) sands)

1992:
Brazil 96 $230 5,293 $17,203 966 $1,243 6,355 $18,676
Canada 78,651 120,799 288,983 671,018 45,615 50,867 413,249 842,684
France 5,396 7,885 3,359 19,312 1,975 2,111 10,730 29,308
Germany o 316 1,264 10,511 32,028 411 657 11,238 33,950
Hong Kong 7,685 10,248 4,906 17,505 8,845 6,471 21,436 34,224
Italy 60 337 2,481 19,624 533 533 3,073 20,495
Japan 416,122 547,661 24,673 86,404 139,835 144,919 580,630 778,984
Korea, Republic of 18,828 25,877 16,332 47,509 17,138 18,714 52,298 92,100
Mexico 30,112 60,338 73,552 232,295 26,010 28,409 129,675 321,041
Netherlands 1,249 2,199 2,493 15,236 524 598 4,266 18,033
Philippines 3,034 4,129 187 941 126 144 3,348 5,215
Saudi Arabia 163 413 20,557 48,114 125 179 20,846 48,706
Singapore 167 384 3,016 8,534 386 262 3,569 9,180
Taiwan 21,289 29,865 12,545 40,341 30,855 23,663 64,689 93,869
Thailand 10,965 14,407 4,360 9,045 1,992 1,590 17,317 25,042
U.S.SR.? 409 242 85 489 — — 495 730
United Kingdom 3,866 6,151 10,946 50,812 2,035 2,185 16,847 59,148
Venezuela 16 63 23,629 61,429 557 547 24,203 62,039
Other 5,393 10,770 45,727 159,505 17,312 16,505 68,431 186,779
Total® 603,818 843,261 553,637 1,537,343 295,239 299,598 1,452,695 2,680,202
1993:

Belarus -— - 18 9 — - 18 9
Brazil 61 158 8,405 24,477 707 779 9,172 25,414
Canada 80,705 114,139 320,466 690,407 46,496 47,292 447,667 851,838
France 922 1,572 5,354 12,147 582 785 6,858 14,504
Germany 209 485 10,844 20,690 85 217 11,138 21,391
Hong Kong 5,093 6,299 3,490 13,040 7,965 5,615 16,547 24,954
Ttaly 75 281 1,941 6,928 55 56 2,071 7,265
Japan 220,174 280,359 15,868 71,721 92,280 94,831 328,322 446,911
Korea, Republic of 20,738 26,747 11,175 34,597 8,162 9,809 40,075 71,153
Mexico 33,847 56,492 66,950 201,887 18,306 19,982 119,103 278,361
Netherlands 203 445 3,586 8,847 272 305 4,062 9,597
Philippines 3,045 3,935 186 795 135 129 3,365 4,859
Russia - - 184 1,755 - — 184 1,755
Saudi Arabia 19 40 20,121 43,935 - - 20,139 43,975
Singapore 69 244 3,842 12,233 718 900 4,629 13,378
Taiwan 22,901 26,730 15,836 40,252 16,298 11,628 55,035 78,610
Thailand 7,028 8,824 5,297 11,374 1,028 1,125 13,354 21,323
United Kingdom 512 2,313 17,581 47,002 229 424 18,322 49,739
Venezuela 85 349 16,360 38,672 8 55 16,453 39,076
Other 4,747 11,089 66,996 196,084 18,282 17,457 90,026 224,630
Total® 400,435 540,502 594,495 1,476,853 211,609 211,390 1,206,539 2,228,744

Includes castings, forgings, and unclassified semifabricated forms.
2Data may not add to totals shown because of independent rounding.
3Dissolved in Dec. 1991; however, information is inadequate to formulate reliable estimates for individual countries.

Source: Bureau of the Census.
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TABLE 11

U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY CLASS

1992 1993
Class Quantity Value Quantity Value
(?;itsc (thousands) ("T‘:Sc (thousands)
Crude and semicrude:
Metals and alloys, crude 1,155,515 $1,500,777 1,836,406 $2,146,848
Plates, sheets, strip, etc., n.e.c.! 283,960 622,865 343,770 712,358
Pipes, tubes, etc. 4,538 30,683 5,336 28,962
Rods and bars 15,305 40,375 50,900 96,274
Scrap 265,306 267,372 308,542 - 276,082
Total? 1,724,624 2,462,070 2,544,954 3,260,523
Manufactures: - - = -
_ Foil and leaf® 28,136 111,349 35,852 128,020
Flakes and powders 1,885 3,985 1,657 4,308
Wire 17,183 32,232 18,468 30,631
Total 47,204 147,566 755,977 162,959
Grand P ToiLe ~Z609.6% To00931 Saman
Includes plates, sheets, circles, and disks.
2Data may not add to totals shown because of independent rounding.
SExcludes etched capacitor foil.
Source: Bureau of the Census.
TABLE 12
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY COUNTRY
Metals and alloys, crude Plates, sheets, bars, etc.! Scrap Total
Country Quantity Value Quantity Value Quantity Value Quantity Value
(metric tons) (thousands)  (metric tons)  (thousands) (metric tons)  (thousands) (metric tons)  (thousands)
1992:
Argentina 5,301 $6,832 216 $573 - - 5,517 $7,405
Australia 487 660 1,322 2,454 19 $12 1,829 3,126
Bahrain - — 5,925 11,618 - - 5,925 11,618
Belgium 63 76 6,705 15,420 678 606 7,445 16,101
Brazil 10,369 13,474 2,631 5,313 330 368 13,330 19,155
Canada 1,056,011 1,372,463 168,939 312,046 168,792 183,677 1,393,742 1,868,186
France 222 1,691 9,835 34,498 3,252 2,386 13,310 38,575
Germany 640 3,644 17,213 69,694 4,816 5,554 22,669 78,892
Italy 22 1,326 2,100 5,600 — - 2,122 6,926
Japan 61 122 17,273 68,061 85 372 17,419 68,554
Korea, Republic of 50 189 119 862 o 8 169 1,059
Mexico 160 399 3,864 10,653 43,632 37,997 47,656 49,049
Netherlands - — 4,728 14,456 2,243 2,821 6,970 17,2717
Norway 126 904 891 1,719 69 87 1,086 2,710
South Africa, Republic of 199 672 6,216 11,226 20 7 6,435 11,905
Spain - - 6,873 12,441 63 174 6,936 12,615
U.S.S.R* 16,384 16,684 391 518 5,919 4,808 22,694 22,010
United Arab Emirates 2,110 2,870 - — - - 2,110 2,870
United Kingdom 7,081 10,429 8,674 30,479 1,639 1,737 17,395 42,645
Venezuela 55,554 67,663 15,223 23,537 20,721 16,464 91,499 107,664
Yugoslavia® 80 120 7,676 14,382 10 10 1,767 14,512
Other 595 558 16,987 48,373 13,017 10,284 30,600 59,215
Total® 1,155,515 1,500,777 303,802 693,922 265,306 267,372 1,724,624 2,462,070

See footnotes at end of table.
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TABLE 12—Continued
U.S. IMPORTS FOR CONSUMPTION OF ALUMINUM, BY COUNTRY

Metals and alloys, crude Plates, sheets, bars, etc.! Scrap Total?
Country Quantity Value Quantity Value Quantity Value Quantity Value
(metric tons) (thousands)  (metric tons)  (thousands) (metric tons)  (thousands) (metric tons)  (thousands)
1993:
Argentina - - 45 $106 - - 45 $106
Australia 1 $2 1,153 2,068 300 $196 1,454 2,266
Bahrain - — 7,892 14,693 - - 7,892 14,693
Belgium 275 399 7,170 15,497 372 515 7,817 16,410
Brazil 52,315 65,573 4,371 8,978 4 14 56,690 74,565
Canada 1,222,898 1,487,929 244,125 452,110 178,710 165,967 1,645,732 2,106,006
Croatia - - 2,179 4,354 — — 2,179 4,354
France 2,433 4,914 10,499 31,566 2,006 1,468 14,938 37,948
Germany 2,368 5,997 18,613 68,921 9,185 9,772 30,166 84,690
Italy 29 1,710 2,174 4,644 - — 2,203 6,354
Japan 542 954 15,405 53,667 250 499 16,197 55,120
Korea, Republic of 64 231 94 607 10 8 167 846
Macedonia - - 284 449 - - 284 449
Mexico 63 134 2,630 7,435 46,547 38,009 49,240 45,577
Netherlands 4,230 4,298 4,307 12,722 4,928 6,116 13,465 23,135
Norway 184 1,342 1,902 2,946 — — 2,086 4,289
Russia 421,270 446,061 9,620 13,619 18,629 18,180 449,520 477,859
Slovenia - - 5,180 11,543 — — 5,180 11,543
South Africa, Republic of 247 667 3,351 6,057 21 4 3,618 6,727
Spain 3,115 2,991 18,048 28,108 390 408 21,553 31,507
Tajikistan 18,091 17,436 - — — — 18,091 17,436
Ukraine - - — - 110 698 110 698
United Arab Emirates 2,989 3,961 - — — — 2,989 3,961
United Kingdom 4,415 6,116 6,463 23,152 4,725 4,615 15,604 33,883
Venezuela 63,693 70,195 15,679 25,101 25,739 16,899 105,111 112,195
Other 37,186 25,940 18,823 49,251 16,617 12,715 72,626 87,905
Total® 1,836,406 2,146,848 400,006 837,593 308,542 276,082 2,544,954 3,260,523
"Includes circles, disks, rods, pipes, tubes, etc.
Data may not add to totals shown b of independent rounding.

3Less than 1/2 unit.
“Dissolved in Dec. 1991; however, information is inadequate to formulate reliable estimates for individual countries.
*Dissolved in Apr. 1992; however, information is inadequate to formulate reliable estimates for individual countries.

Source: Bureau of the Census.

106 ALUMINUM, BAUXITE, AND ALUMINA—1993



TABLE 13

(Thousand metric tons)

ALUMINUM, PRIMARY: WORLD PRODUCTION,! BY COUNTRY

Country 1989 1990 1991 1992 1993°
Argentina® 162 2166 165 165 165
Australia 1,244 1,234 1,228 1,236 21,345
Austria 93 89 80 33 —
Azerbaijan - - — 25 20
Bahrain 187 213 227 292 450
Bosnia and Herzegoving® — - - re30 15
Brazil 890 931 1,140 °1,200 1,200
Cameroon 92 93 83 °82 82
Canada 1,555 1,567 1,822 1,972 22,308
China® 750 850 963 1,100 1,220
Croatia® - — - r20 20
Czechoslovakia®* * ¢ 69 70 68 68 —
Egypt 180 179 178 178 177
France 335 326 286 418 458
Germany:
Eastern states 54 20 - - -
Western states 742 720 — - -
Total - 796 740 690 603 2552
Ghana 169 174 175 180 2175
Greece 145 150 152 153 145
Hungary 75 75 63 27 28
Iceland’ 88 87 89 89 91
India® 423 433 *504 £ °490 435
Indonesia® 197 186 187 173 180
Iran® 54 60 80 92 100
Italy 219 232 206 161 170
Japan® 35 34 32 19 218
Korea, North® 10 —_ -—_ —_ —_
Korea, Republic of® 18 2 - — -
Mexico® 72 68 51 25 226
Netherlands 274 270 264 235 229
New Zealand 257 260 258 43 2268
Norway 863 845 833 813 2814
Poland® 48 46 46 44 247
Romania’ 269 168 113 112 112
Russia - - - 2,700 2,900
Serbia and Montenegro® - - - 76 70
Slovakia® ¢! - - - - 60
Slovenia® - - - 85 80
South Africa, Republic of 166 159 169 173 175
Spain 352 353 355 359 355
Suriname 28 32 29 32 30
Sweden 97 96 97 77 m
Switzerland I A 66 52 45
Tajikistan - - - T *400 300
Turkey 62 61 56 59 59
U.S.S.R.2 3,300 3,523 3,251 - —
Ukraine - — - *90 90
See footnotes at end of table.
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TABLE 13—Continued
ALUMINUM, PRIMARY: WORLD PRODUCTION,! BY COUNTRY

(Thousand metric tons)

Country 1989 1990 1991 1992 1993°

United Arab Emirates: Dubai 168 174 239 240 225
United Kingdom 297 r294 294 244 235
United States 4,030 4,048 4,121 4,042 23,695
Venezuela 540 590 601 561 570
Yugoslavia® 331 349 315 - -
Total™ 19,010 *19,299 *19,575 *19,467 19,816

*Estimated. "Revised.

'The U.S. Bureau of Mines defines primary aluminum as "The weight of liquid aluminum as tapped from pots, excluding the weight of any alloying materials as well as that of
any metal produced from either returned scrap or remelted materials.” International reporting practices vary from country to country, some nations conforming to the foregoing
definition and others using different definitions. For those countries for which a different definition is given specifically in the source publication, that definition is provided in this
table by footnote. Table includes data available through June 16, 1994.

2Reported figure.

3Primary ingot plus secondary ingot.

“Dissolved Dec. 31, 1992.

SAll production in Czechoslovakia from 1989-92 came from Slovakia.

SPrimary ingot.

"Ingot and rolling billet production.

*Excludes high-purity aluminum containing 99.995% or more as follows, in metric tons: 1989—15,696; 1990—16,292; 1991—19,652; 1992—19,605 (revised); and 1993—20,258.
Primary unalloyed ingot plus secondary unalloyed ingot.

YPrimary unalloyed metal plus primary alloyed metal, thus including weight of alloying material.

""Formerly part of Czechoslovakia; data were not reported separately until 1993.

“Dissolved in Dec. 1991.

BDissolved in Apr. 1992.

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

TABLE 14
SALIENT BAUXITE STATISTICS

(Thousand metric tons and thousand dollars)

1989 1990 1991 1992 1993

United States:
Production: Crude ore (dry equivalent) w w w w w
Value w w w w w
Exports (as shipped) 44 74 51 63 90
Imports for consumption' 10,893 12,144 11,871 10,939 11,621
Consumption (dry equivalent) 11,810 12,042 12,204 11,873 11,917
World: Production 103,722 109,042 107,916 101,145 *105,550

°Estimated. "Revised. W Withheld to avoid disclosing company proprictary data.
!Excludes calcined bauxite. Includes bauxite imported to the U.S. Virgin Islands.
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TABLE 15
PRODUCTION AND SHIPMENTS OF ALUMINA
IN THE UNITED STATES

(Thousand metric tons)

. Total'
Year Calcined Other As produced Calcined
alumina alumina® pro acine
or shipped® equivalent
Production:®
1989 4,580 605 5,180 5,000
1990 4,775 655 5,430 5,230
1991 4,805 610 5,415 5,230
1992 4,740 640 5,380 5,185
1993 4,835 655 5,490 5,290
Shipments:*®
1989 4,665 605 5,270 5,090
1990 4,750 575 5,325 5,150
1991 4,865 630 5,500 5,305
1992 4,805 650 5,455 5,260
1993 4,775 660 5,435 5,230
*Estimated.
'Data may not add to totals shown b of independent rounding.
Trihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium al

’Includes only the end product if one type of alumina was produced and used to make another type of alumina.

TABLE 16
CAPACITIES OF DOMESTIC ALUMINA PLANTS,' DECEMBER 31

(Thousand metric tons per year)

Company and plant 1991 1992 1993

Aluminum Co. of America: Point Comfort, TX 1,735 1,735 1,735
Kaiser Aluminum & Chemical Corp.: Gramercy, LA 1,000 1,000 1,000
Ormet Corp.: Burnside, LA 545 600 600
Reynolds Metals Co.: Corpus Christi, TX 1,700 1,700 1,700
Virgin Islands Alumina: St. Croix, VI 635 635 635
Total 5,615 5,670 5,670

'Capacity may vary depending on the bauxite used.

TABLE 17
U.S. CONSUMPTION OF BAUXITE, BY INDUSTRY

(Thousand metric tons, dry equivalent)

Industry 1991 1992 1993
Alumina 11,383 11,066 11,002
Abrasive! 204 223 203
Chemical 218 190 225
Refractory 328 334 429
Other ) 71 60 58
Total 12,204 11,873 11,917

"Revised.
'Includes consumption by Canadian abrasive industry.
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TABLE 18

PRODUCTION AND SHIPMENTS OF SELECTED ALUMINUM
SALTS IN THE UNITED STATES IN 1992

Total shipments,

Number of Production including interplant transfers
Item producing (1housz.md Quantity
plants metric (thousand Value
tons) metric tons) (thousands)
Aluminum sulfate:
Commercial and municipal (17% Al,0,) 73 950 921 $108,739
Iron-free (17% ALO,) 21 194 194 20,161
Aluminum chloride:
Liquid and crystal 6 21 w w
Anhydrous (100% AICl,) 4 18 18 15,292
Aluminum fluoride, technical 4 w w w
Aluminum hydroxide, trihydrate [100% Al(OH),] 10 768 770 174,512
Aluminates 18 114 108 32,353
Other aluminum compounds' XX XX XX 163,617

Includes light aluminum hydroxide, cryolite, etc.

TABLE 19
STOCKS OF BAUXITE IN THE
UNITED STATES,' DECEMBER 31

(Thousand metric tons, dry equivalent)

W Withheld to avoid disclosing company proprietary data.

XX Not applicable.

Source: Data are based on Bureau of the Census 1992 Current Industrial Reports, Series MA-28A, "Inorganic Chemicals.”

TABLE 20
STOCKS OF ALUMINA IN THE
UNITED STATES,' DECEMBER 31

(Thousand metric tons, calcined equivalent)

"Domestic and forcign bauxite; crude, dried, calcined,
activated; all grades.

110

Sector 1992 1993 Sector 1992 1993
Producers, processors, and 2,319 1,045 | Producers 492 529
consumers Primary aluminum plants 1,224 1,211
Government 17,805 16,938 Total 1,716 1,740
Total 20,124 17,983 | "Revised.

'Excludes consumers’ stocks other than those at primary
aluminum plants.
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TABLE 21
AVERAGE VALUE OF U.S. IMPORTS OF CRUDE AND DRIED BAUXITE!

(Per metric ton)

1992 1993
Country Port of Delivered to Port of Delivered to
shipment U.S. ports shipment U.S. ports

(fa.s.) (c.i.f) (f.a.s.) (c.i.f)

Australia $17.55 $30.55 $12.41 $20.81
Brazil 29.40 40.51 28.67 36.18
Guinea 28.65 35.88 25.43 32.68
Guyana 30.13 40.38 32.06 42.00
Jamaica 28.13 33.63 28.95 34.46
Weighted average 28.58 36.25 27.84 34.84

TABLE 22
U.S. EXPORTS OF ALUMINA,! BY COUNTRY

(Thousand metric tons, calcined equivalent, and thousand dollars)

!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 shipments.

1991 1992 1993
Country T i
Quantity Value Quantity Value Quantity Value

Argentina 1 837 1 726 ® 914
Belgium 2 3,562 6 8,079 4 4,891
Brazil 170 34,593 215 36,794 247 39,203
Canada 753 205,811 729 155,863 814 169,761
Finland 77 17,615 43 8,314 25 4,050
France 1 2,526 6,595 1 5,307
Germany 1 8,461 3 5,592 1 5,652
Ghana 98 22,298 41 7,820 7 1,403
Japan 22 13,301 18 11,429 3 7,638
Mexico 125 47,388 37 22,503 38 21,266
Netherlands 13 7,818 20 7,117 20 5,500
Norway - - - — 20 3,367
Sweden 12 2,934 e 241 14 2,347
U.S.S.R.? 35 10,181 ® 776 - -
United Kingdom 2 4,723 5 8,613 5 7,722
Venezuela 4 3,865 2 2,066 2 2,101
Other 19 22,460 22 23,385 36 24,707

Total 11,335 74408,375 1,143 306,513 1,237 305,829
"Revised.
Includes exports of al hydroxide (calcined equivalent) as follows: 1991—35,105tons; 1992—31,287tons; and 1993—34,431tons.
?Less than 1/2 unit.
3Dissolved in Dec. 1991; however, information is inadequate to formulate reliable estimates for individual countries.
“Data do not add to total shown because of independent rounding.
Source: Bureau of the Census.
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TABLE 23
U.S. IMPORTS FOR CONSUMPTION OF BAUXITE, CRUDE AND
DRIED,' BY COUNTRY

(Thousand metric tons)

: Country 1991 1992 1993
Australia ‘ 408 179 148
Brazil 1,905 1,617 1,864
China 93 75 120
Guinea 3,609 3,223 3,777
Guyana 1,184 1,500 1,293
India 105 - -
Indonesia 135 88 387
Jamaica® 4,261 4,128 3,917
Malaysia 94 91 11
Other 75 37 104

Total® 11,871 10,939 11,621

IIncludes bauxite imported to the U.S. Virgin Islands from foreign countries.
Dry equivalent of shipments to the United States.
3Data may not add to totals shown because of independent rounding.

NOTE.~Total U.S. imports of crude and dried bauxite (including the U.S. Virgin Islands) as reported by the Bureau
of the Census were as follows: 1991—11,174,990 tons; 1992—11,111,732 tons; and 1993—11,638,115 tons.

Sources: Bureau of the Census and the Jamaica Bauxite Institute.

TABLE 24
U.S. IMPORTS FOR CONSUMPTION OF CALCINED BAUXITE, BY COUNTRY

(Thousand metric tons and thousand dollars)

1992 1993
Country Refractory grade Other grade Refractory grade Other grade

Quantity Value' Quantity Value! Quantity Value' Quantity Value'

Australia - — 8 607 — — 12 985
Brazil - - — - 16 1,120 - —_
China 174 9,903 88 4,616 66 3,599 86 4,283
Guyana 54 6,485 - - 53 6,747 - -
Malaysia - - — - - — - -
Other 9 997 13 681 - - 4 264
TotaF 238 17,385 108 75,904 135 11,466 102 5,532

Walue at foreign port of shipment as reported to U.S. Customs Service.
Data may not add to totals shown because of independent rounding.

Source: Bureau of the Census; data adjusted by the U.S. Bureau of Mines.
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TABLE 25

U.S. IMPORTS FOR CONSUMPTION OF ALUMINA,! BY COUNTRY

(Thousand metric tons, calcined equivalent, and thousand dollars)

Country 1991 1992 1993

Quantity Valué? Quantity Value? Quantity Value?

Australia 3,639 792,056 3,500 585,791 2,716 443,263
Brazil 92 20,520 51 12,394 33 9,740
Canada 74 39,790 82 43,660 84 46,428
France 7 15,537 6 18,031 10 17,522
Germany 20 36,752 20 34,025 22 37,811
Guinea - - — - 28 4,754
India 72 19,376 109 16,207 116 18,924
Israel - - —_ —_ ® 6
Ttaly o 489 o 646 o) 596
Jamaica 394 102,126 507 85,383 379 62,824
Japan 8 13,557 9 17,742 8 16,092
Suriname 242 47,784 242 38,626 313 48,992
Venezuela ® 41 150 24,273 85 17,155
Other 44 13,979 26 10,835 141 30,345
Total* 4,592 1,102,008 4,701 887,613 3,936 754,452

Includes imports of aluminum hydroxide.

3Less than 1/2 unit.

“Data may not add to totals shown b of independent rounding.

Source: Bureau of the Census.
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TABLE 26

BAUXITE: WORLD PRODUCTION, BY COUNTRY!

(Thousand metric tons)

Country 1989 1990 1991 1992 1993°

Albania® 25 26 20 4 2
Australia 38,584 41,391 40,503 39,746 241,900
Bosnia and Herzegovina - — - 200 100
Brazil 8,665 9,678 10,414 9,366 9,357
China® 2,388 2,400 2,600 2,700 2,900
Croatia — _ - — —
Dominican Republic® 151 85 7 — —
France 550 490 9 - —
Ghana 347 381 r 353 338 2424
Greece 2,550 2,496 2,133 2,042 1,700
Guinea® 15,792 115,772 15,466 13,773 14,100
Guyana® 1,321 1,424 2,204 2,376 2,126
Hungary 2,644 2,559 2,037 °1,721 1,600
India 4,471 4,852 4,735 4,898 25,223
Indonesia 862 1,206 1,406 °804 1,320
Ttaly 12 ) 9 98 97
Jamaica® 3 9,601 10,921 11,552 °11,302 11,307
Kazakhstan - —_ - °500 500
Malaysia 355 398 376 331 269
Mozambique 6 7 8 3 6
Pakistan 2 3 4 3 5
Romania 313 243 *200 re175 185
Russia - —_ —_ *4,000 4,000
Serbia and Montenegro - - - 792 700
Sierra Leone 1,562 1,430 1,288 1,246 1,165
Spain 1 1 rel f— -
Suriname 3,530 3,283 3,198 3,250 3,400
Turkey® 534 7173 489 420 450
U.S.S.R.*7 5,500 5,500 5,000 - -
United States w w w w w
Venezuela 702 771 1,992 °1,052 2,914
Yugoslavia® 3,253 2,952 1,912 - -

Total® 103,722 109,042 107,916 101,145 105,550

Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total. "

'Table includes data available through July 20, 1994.

2Reported figure.

3Dry bauxite equivalent of crude ore.

“Less than 1/2 unit.

SBauxite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export.

Public-sector production only.

"Dissolved in Dec. 1991. In addition to the bauxite reported in the body of the table, Russia produces nepheline syenite cc and Azerbaijan produces alunite ore as sources
of aluminum. Nepheline syenite concentrate, produced in Russia was as follows, in thousand metric tons: 1989—1,697; 1990—1,650 (estimated); 1991—1,500 (estimated);
1992—1,000 (estimated); 1993 —800 (esti d). Esti d alunite ore produced in Azerbaijan was as follows, in thousand metric tons: 1989—600; 1990—550; 1991—500;
1992—300; and 1993—200. Nepheline syenite concentrate grades 25% to 30% alumina, and alunite ore grades 16% to 18% alumina; these commodities may be converted to their
bauxite equivalent by using factors of 1 ton of nepheline syenite concentrate equals 0.55 ton of bauxite and 1 ton of alunite equals 0.34 ton of bauxite.

*Dissolved in Apr. 1992.

Data may not add to totals shown because of independent rounding.
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TABLE 27
ALUMINA: WORLD PRODUCTION,' BY COUNTRY?

(Thousand metric tons)

Country 1989 1990 1991 1992 1993°¢

Australia 10,823 11,197 11,703 11,803 12,600
Azerbaijan - — — 300 200
Bosnia and Herzegovina — - - r°100 50
Brazil 1,632 1,655 1,743 1,833 1,833
Canada 1,048 1,087 1,131 1,104 1,100
China® 1,350 1,460 1,520 1,583 1,900
Czechoslovakia®* ¢ %205 175 150 150 —
France 624 606 538 508 500
Germany:

Eastern states 69 27 - —_ —

Western states 964 922 - — -

Total 1,033 949 863 857 800

Greece 521 587 625 612 510
Guinea 619 631 610 561 600
Hungary 882 826 635 548 450
India 1,947 1,601 °1,700 °1,700 1,800
Ireland 841 885 981 1,007 950
Italy® 722 752 805 762 760
Jamaica 2,221 2,869 3,015 2,917 2,989
Japan’ 466 481 438 1316 327
Kazakhstan — - — r¢1,100 1,000
Romania 611 440 413 280 293
Russia - - — r3,100 3,500
Serbia and Montenegro — — — 197 190
Slovakia*® - - - — 140
Slovenia - - — r°45 40
Spain® 949 1,002 r 1,003 959 960
Suriname 1,567 1,532 1,510 1,576 1,500
Turkey 201 177 159 156 5169
Ukraine - - - f°900 900
U.S.S.R.*? 5,700 5,900 35,277 — -
United Kingdom® 116 115 110 100 100
United States® 5,000 5,230 5,230 5,185 5,290
Venezuela 1,212 1,293 1,295 1,308 1,500
Yugoslavia'® 1,170 1,086 *900 - —

Total' 41,461 42,535 42,354 41,567 42,951
°Estimated. "Revised.
!Figures represent calcined alumina or the total of calcined alumina plus the calcined equivalent of hydrate when available; exceptions, if known, are noted.
2Table includes data available through July 20, 1994.
3Dissolved Dec. 31, 1992.
“All production in Czechoslovakia from 1989-92 came from Slovakia.
SReported figure.
SHydrate.
"Data p d are for alumina used principally for specialty applications. Gross weight of aluminum hydrate for all uses was as follows, in thousand metric tons: 1989—863;
1990—890; 1991—864; 1992—714 (revised); and 1993—704.
3Formerly part of Czechoslovakia; data were not reported separately until 1993.
Dissolved in Dec. 1991.
°Dissolved in Apr. 1992.
"'Data may not add to totals sh b of independent rounding.
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ANTIMONY

By James F. Carlin, Jr.

Mr. Carlin, a physical scientist with more than 30 years of industry and U.S. Bureau of Mines experience, has been the
commodity specialist for antimony since 1993. Domestic survey data were prepared by Joi Brown, statistical assistant; and
international data were prepared by Ted Spittal, international data specialist.

Domestic consumption of primary
antimony products increased substantially
in 1993, as did production of primary
antimony. Imports of antimony products
declined slightly while exports declined
substantially.

Primary antimony metal and oxide
were produced by six companies
operating six plants using both foreign
and domestic feed material. Two plants
were in Texas, and there was one each in
Idaho, Montana, Nebraska, and New
Jersey. A very small amount of
antimony was recovered as a byproduct
from the smelting of lead and silver-
copper ores. Virtually all antimony metal
(unalloyed) and oxides produced
domestically originated from imports.
The estimated value of primary antimony
metal and oxides produced in 1993 was
$62 million. The estimated distribution of
primary antimony uses was as follows:
flame retardants, $7%; transportation,
including batteries, 22 %; chemicals, 8%;
ceramics and glass, 7%; and other, 6 %.

Antimony produced from domestic
source materials was derived mainly from
recycled lead-acid batteries. Recycling
plus U.S. mine output supplied less than
one-half of the estimated domestic
demand.

Antimony was mined as a principal
product and produced as a byproduct of
the smelting of base metal ores in 19
countries. China, the world’s leading
producer, accounted for 68% of the total
world estimated mine production during
1993. China, together with the other
three major producing countries, Bolivia,
Russia, and the Republic of South Africa,
accounted for about 87% of the total
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world estimated mine
production. (See table 10.)

Identified world antimony reserves at
yearend 1993 were estimated to be 4.2
million metric tons.

antimony

DOMESTIC DATA COVERAGE

Domestic primary production data for
antimony are developed by the U.S.
Bureau of Mines from a voluntary survey
of U.S. operations. Of the six operations
to which a survey request was sent, all
responded, representing 100% of the
primary smelter production shown in
table 1. (See table 1).

ANNUAL REVIEW

Strategic Considerations

Public Laws 99-661 and 102-484
provided authorization for additional
antimony monthly sales through 1994 or
until the 3,507 short tons authorized for
fiscal year 1993 is disposed. Sales of
antimony from the National Defense
Stockpile took place for the first time
since 1988. Sales were conducted on a
sealed bid basis, commencing on June 27
and were held the third Thursday of each
month. Each month a maximum of 500
short tons of antimony, either Grade A or
Grade B, was offered, usually in the form
of ingots or cakes. In 1993, a total of
2,656 short tons was sold.

Antimony is stockpiled in Government
warehouses in 13 locations, with the
Somerville, NJ, depot holding the largest
amount.

Domestic Production

Mine Production.—In the Coeur d’
Alene district of Idaho, Sunshine Mining
Co. produced antimony as a byproduct of
the treatment of tetrahedrite, a complex
silver-copper-antimony sulfide ore.

Smelter Production.—Primary.—The
producers of primary antimony metal and
oxide products were ASARCO
Incorporated, Omaha, NE; Amspec
Chemical Corp., Gloucester City, NIJ;
Anzon Inc., Laredo, TX; Laurel
Industries Inc., La Porte, TX; Sunshine
Mining Co., Kellogg, ID; and U.S.
Antimony Corp., Thompson Falls, MT.

Secondary.—Old scrap, predomi-
nantly lead battery plates, was the source
of essentially all of the secondary
antimony output. New scrap, mostly in
the form of drosses and residues from
various sources, supplied the remainder.
The antimony content of scrap was
usually recovered and consumed as
antimonial lead. (See table 2.)

Consumption and Uses
Domestic consumption of primary

antimony increased substantially in 1993.
The most significant increases occurred in

the categories of antimonial lead,
ceramics and glass, and plastics
(especially as flame retardants). Lead-

antimony alloys were used in starting-
lighting-ignition batteries, ammunition,
corrosion-resistant pumps and pipes, tank
linings, roofing sheets, solder, cable
sheaths, and antifriction bearings.
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Antimony compounds were used in
plastics as stabilizers and as flame
retardants.  Antimony trioxide in an
organic solvent was used to make textiles,
plastics, and other combustibles flame
resistant.  Antimony was used as a
decolorizing and refining agent in some
forms of glass, such as optical glass. The
estimated distribution of antimony uses
was flame retardants, 74%;
transportation, including batteries, 11%;
chemicals, 9%; ceramics and glass, 2%;
and other, 4%. (See tables 3, 4, and 5.)

Markets and Prices

The New York dealer antimony metal
price, published by Metals Week,
averaged $0.77 per pound for the year,
continuing the generally downward trend
of recent years. The price range for
high-tint antimony trioxide was $1.10 to
$1.20 per pound at the beginning of the
year and declined to a range of $1.00 to
$1.10 per pound by the fourth quarter.

Foreign Trade

Total imports of antimony materials
were about the same as those in 1992.
China supplied about 60% of the total
imported materials. Exports of antimony
oxide were about 19% lower than those
of the previous year. (See tables 6, 7, 8,
and 9.)

OUTLOOK

Antimony demand rose to a new
plateau in 1993, but it is not clear
whether it can maintain that level or
continue increasing.  Some of that
increased demand was probably due to
continued lower antimony prices during
the year. Most of the increased demand
was registered in the category of flame
retardants, and it is anticipated that field
should grow, although tin and other
metals are gaining as acceptable
substitutes with commendable qualities of
their own.

It is anticipated that China’s
dominance as a supplier of antimony will
continue for the foreseeable future.
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TABLE 1

SALIENT ANTIMONY STATISTICS

(Metric tons of antimony content unless otherwise specified)

1989 1990 1991 1992 1993
United States:
Production:
Primary:
Mine (recoverable antimony) w w w w w
Smelter 18,720 19,438 16,032 17,854 21,723
Secondary 19,501 20,351 19,294 19,925 17,245
Exports of metal, alloys, waste and scrap 293 588 694 947 315
Exports of antimony oxide 1,850 7,142 3,752 °4,817 3,896
Imports for consumption 25,165 29,403 28,833 31,204 30,944
Reported industrial consumption, primary antimony 13,424 12,766 11,864 12,225 17,047
Stocks: Primary antimony, all classes, Dec. 31 6,270 8,175 10,170 8,741 9,452
Price: Average, cents per pound' 94.3 81.8 82.0 79.0 76.9
World: Mine production 105,239 94,407 92,448 75,011 73,288
“Estimated. "Revised. W Withheld to avoid disclosing company proprietary data.
!New York dealer price for 99.5% to 99.6% metal, c.i.f. U.S. ports.
TABLE 2
SECONDARY ANTIMONY PRODUCED IN THE UNITED STATES,
BY KIND OF SCRAP AND FORM OF RECOVERY
(Metric tons of antimony content unless otherwise specified)
1992 1993
KIND OF SCRAP
New scrap: Lead- and tin-base 1,260 1,213
Old scrap: Lead- and tin-base 18,665 16,032
Total 19,925 17,245
FORM OF RECOVERY
In antimonial lead 19,477 16,977
In other lead- and tin-base alloys 448 268
Total 19,925 17,245
Value millions $41 NA
"Revised. NA Not available.
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TABLE 3

(Metric tons of antimony content)

REPORTED INDUSTRIAL CONSUMPTION OF
PRIMARY ANTIMONY IN THE UNITED STATES

Class of material consumed

Year Metal Oxide Sulfide Residues Total
1989 2,523 10,640 27 234 12,067
1990 2,148 9,961 25 632 13,424
1991 2,542 9,296 26 w 11,864
1992 2,451 9,745 29 w 12,225
1993 2,474 13,475 ) ® 17,047
"Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total.”
'Withheld to avoid disclosing company proprietary data; included in "Total.”
TABLE 4
REPORTED INDUSTRIAL CONSUMPTION OF PRIMARY
ANTIMONY IN THE UNITED STATES, BY PRODUCT
(Metric tons of antimony content)
Product 1989 1990 1991 1992 1993
Metal products:
Ammunition 521 602 w w w
Antimonial lead 1,901 1,985 1,698 1,642 2,659
Bearing metal and bearings 129 90 71 36 45
Cable covering w A\ w w w
Castings 8 8 8 9 14
Sheet and pipe 157 123 w w w
Solder 245 208 223 248 242
Type metal 4 3 w w w
Other 80 106 915 1,362 1,525
Total 3,045 3,125 2,921 3,297 4,485
Nonmetal products:
Ammunition primers 20 23 23 25 24
Ceramics and glass 1,050 991 872 928 1,191
Fireworks 5 3 2 3 3
Pigments 196 246 207 314 w
Plastics 1,137 1,171 1,112 n1 1,035
Rubber products 7 29 w w w
Other 159 151 101 115 508
Total 2,638 2,614 2,317 22,102 2,761
Flame-retardants:
Adhesives 219 189 200 300 280
Paper w w w w w
Pigments 926 502 w w w
Plastics 5,851 5,678 4,982 5,113 8,050
Rubber 166 181 250 241 298
Textiles 558 460 513 444 424
Other 21 17 681 728 749
Total 7,741 7,027 6,626 6,826 9,801
Grand total 13,424 12,766 11,864 12,225 17,047
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TABLE 5
INDUSTRY STOCKS OF PRIMARY ANTIMONY
IN THE UNITED STATES, DECEMBER 31

(Metric tons of antimony content)

Source: Bureau of the Census.

ANTIMONY—1993

Stocks 1989 1990 1991 1992 1993
Metal 1,873 2,934 3,598 2,450 2,819
Ore and concentrate w w ) 0] Q)
Oxide 4,079 4,380 3,338 2,952 3,663
Residues 302 844 ® ) *
Sulfide 16 17 ® 20 20
Total 6,270 8,175 10,170 8,741 9,452
"Revised. W Withheld to avoid disclosing company proprietary data; not included in "Total."
'Withheld to avoid disclosing company proprietary data; included in "Total."
TABLE 6
U.S. EXPORTS OF ANTIMONY METAL, ALLOYS,
WASTE AND SCRAP, BY COUNTRY
1992 1993
Country Gross weight Value Gross weight Value
(metric tons) (thousands) (metric tons) (thousands)
Belgium 267 $396 32 $39
Brazil - - 35 59
Canada 7 188 94 232
Chile 14 33 — —
Colombia 35 79 15 28
Dominican Republic 8 33 - —
El Salvador 5 9 5 9
Japan 17 20 10
Mexico 409 505 46 95
Panama 2 4 9 19
Thailand - — 9 19
United Kingdom 13 50 ® 21
Venezuela 97 211 43 95
Other 9 88 8 89
TotaP 947 1,619 315 K
Revised.
'Less than 1/2 unit.
?Data may not add to totals shown b of independent rounding.
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TABLE 7

U.S. EXPORTS OF ANTIMONY OXIDE, BY COUNTRY

1992 1993
Country Gross weight Amimor:y Value Gross weight Amimor:y Value
(metric tons) cm?tent (thousands) (metric tons) cor}tent (thousands)
(metric tons) (metric tons)
Belgium 65 54 $178 76 63 $228
Brazil 33 27 123 27 22 102
Canada 584 485 1,595 816 677 2,073
Colombia 175 145 452 34 28 147
France 25 21 65 57 47 138
Germany 180 149 481 122 101 372
Indonesia — — — 10 8 36
Israel 90 75 217 72 60 169
Italy 45 37 62 362 300 362
Japan 356 295 1,017 540 448 1,232
Korea, Republic of - — — 28 23 28
Mexico 3,244 2,693 3,743 1,405 1,166 1,621
Netherlands 18 15 19 26 22 26
Singapore 551 457 1,051 748 621 1,385
Spain 36 30 85 — — —
Sweden 5 4 5 11 9 11
Taiwan 167 139 673 17 14 62
Turkey 53 44 180 46 38 154
United Kingdom 47 39 117 127 105 328
Venezuela 10 8 32 12 10 39
Other 121 99 349 157 131 374
Total? 5,804 4,817 10,443 4,694 3,896 8,889

!Estimated by the U.S. Bureau of Mines.

2Data may not add to totals sh

h

Source: Bureau of the Census.
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TABLE 8

U.S. IMPORTS FOR CONSUMPTION OF ANTIMONY, BY CLASS AND COUNTRY

1992 1993
Country Gross weight Antimor:y Value Gross weight Antimonly Value
(metric tons) co:)tcnt (thousands) (metric tons) con:ntent (thousands)
(metric tons) (metric tons)
Antimony ore and concentrate:
Bolivia 267 91 $505 - — —
Canada 893 243 478 1,497 374 $775
Chile 69 67 94 — — —
China 1,079 1,015 1,572 97 83 136
France 103 49 328 29 14 92
Guatemala - - — 438 29 31
Hong Kong 147 123 188 — — -
Mexico 388 277 388 48 43 31
Other 83 59 157 - — —
Total? 3,029 1,923 3,710 1,720 543 1,066
Antimony oxide:

Belgium 704 584 1,973 867 720 2,430
Bolivia 4,025 3,341 5,775 3,354 2,784 5,016
China 5,925 4,918 7,454 7,018 5,825 9,179
France 242 201 557 241 200 521
Germany 118 98 1,272 331 275 1,779
Guatemala 42 35 78 18 15 32
Hong Kong 384 319 585 201 167 349
Kyrgyzstan 124 103 157 661 549 835
Mexico 3,306 2,744 3,149 3,064 2,543 2,539
Netherlands 28 23 87 68 56 202
Russia 163 136 190 198 164 236
South Africa, Republic of 1,794 1,489 647 3,027 2,513 906
Switzerland 57 47 63 — — -
United Kingdom 122 101 361 67 55 284
Other 52 43 27 208 174 539
Total? 17,085 14,181 22,619 19,322 16,037 24,847

Source: Bureau of the Census.
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'Antimony ore and concentrate content reported by Bureau of the Census. Antimony oxide content estimated by the U.S. Bureau of Mines.
2Data may not add to totals shown because of independent rounding.
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TABLE 9
U.S. IMPORTS FOR CONSUMPTION
OF ANTIMONY METAL, BY COUNTRY

1992 1993
Country Quantity Value Quantity Value
(metric tons) (thousands) (metric tons) (thousands)

Bolivia 113 $156 174 $230
Chile 36 50 40 54
China 13,066 20,875 12,332 20,366
Hong Kong 1,424 2,400 396 652
Japan 137 1,825 72 1,902
Mexico 171 79 366 184
Russia 41 72 - —
Taiwan 8 87 11 92
Thailand 40 63 160 224
Other 64 469 812 1,892

Total' 15,100 26,077 14,364 25,594
!Data may not add to totals sh b of independent rounding.

Source: Bureau of the Census.
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TABLE 10

ANTIMONY: WORLD MINE PRODUCTION, BY COUNTRY!
(Metric tons)
Country 1989 1990 1991 1992 1993°

Australia® 1,360 1,420 1,500 1,701 1,700
Austria (content of concentrate) 350 352 — - -
Bolivia 9,189 8,454 7,287 6,022 4,500
Canada® 2,821 658 469 948 741
China® 61,000 54,800 58,300 45,000 50,000
Czech Republic* — - — - 250
Czechoslovakia®$ 600 1,270 1,000 1,000 —
Guatemala 1,335 1,068 609 582 600
Honduras® 10 - - — -
Kyrgyzstan — — — ¥ 2,000 1,600
Macedonia — - — — —
Mexico® 1,906 1,672 1,469 1,200 71,469
Morocco (content of concentrate) 142 192 90 *90 90
Namibia (content of sodium antimonate) 34 2 10 6 8
Pakistan® 8 9 11 12 -
Peru (recoverable) 304 307 278 339 340
Russia® (recoverable) — — — 10,000 6,000
Serbia and Montenegro - - - — -
Slovakia® - - - - 450
South Africa, Republic of (content of concentrate) 5,201 4,815 4,485 3,779 3,500
Spain® 5 - — - -
Tajikistan - — - 1,500 1,200
Thailand (content of ore and concentrate) 495 326 60 269 270
Turkey 1,471 552 r*370 £ 309 310
U.S.SR.** 18,000 18,000 16,000 - -
United States w w w w w
Yugoslavia® 798 409 350 - -
Zimbabwe (content of concentrate) 210 101 160 254 260

Total 105,239 94,407 92,448 75,011 73,288

“Estimated. Revised. W Withheld to avoid disclosing company proprictary data; not included in "Total.*

!Antimony content of ore unless otherwise indicated. Table includes data available th gh June 20, 1994.

Antimony content of antimony ore and lead , and lead-zinc concentrates.

*Antimony content of antimonial lead alloys, flue dust, and doré slag estimated on the basis of reported gross production.
“‘Formerly part of Czechoslovakia.

*Dissolved on Dec. 31, 1992.

Antimony content of ores for export plus antimony of anti
"Reported figure.

*Dissolved in Dec. 1991.

*Dissolved in Apr. 1992.

ial lead and other smelter products produced
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BARITE

By James P. Searls

Mr. Searls, a physical scientist and economist with 17 years of institute, government, and U.S. Bureau of Mines experience,
is the commodity specialist for barite. Domestic survey data were prepared by Maria Rosa Arguelles, statistical assistant; and
international data were prepared by Virginia Woodson, international data coordinator.

Domestic sales of barite as reported
decreased 3% to 315,000 metric tons.
Apparent consumption, as reported,
increased 67% to about 1.1 million tons.
A different measure of domestic
consumption, which is referred to as
"shipments from crushers and grinders"
of both domestically produced and
imported barite, indicated a much smaller
trend. These operations reported an
increase in sales of 4% to 1.0 million
tons. Exports were 18,000 tons while
imports rose strongly to 766,000 tons.

DOMESTIC DATA COVERAGE

Domestic production data for barite
are developed by the U.S. Bureau of
Mines (USBM) from a voluntary survey
of U.S. operations. Of the 37 operations
to which a survey request was sent, 4 had
closed, 5 were idle, 11 were estimated,
and 17 reported data. Reported data
represented 51% of "sold or used by
producers” and 48% of "crushed and
ground (sold or used by processors)”
shown in table 1. (See table 1.)

BACKGROUND

Definitions and Specifications

The term "primary barite,” as used in
this report, refers to the first marketable
product and includes crude barite,
flotation concentrate, and other
beneficiated material such as washer, jig,
heavy media, table, or magnetic
separation concentrate. Most primary
barite requires fine grinding before it is
used for drilling muds, the principal end
use. This grinding may or may not be
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done at the mine site.

Barite is the mineralogical name for
barium sulfate and was derived from the
Greek word "barus," meaning heavy. In
commerce, the mineral is sometimes
referred to as "heavy spar" or "barytes."
"Spar" means almost any transparent or
translucent, readily cleavable, crystalline
mineral having a vitreous luster.! One
domestic barite producer has commenced
naming its white, technical-grade barite as
"baryte" to separate it from the American
Petroleum Institute (API) barite. API
barite can be blue, black, brown, or gray
depending on the ore body. Few mines
in the United States produce a "spar-
grade" barite.

Specifications for barite vary according
to different uses. Material for weighing
muds must only be finely ground, dense,
and chemically inert; consequently, barite
for this purpose must have a specific
gravity of 4.2 or higher, it must be free
of soluble salts, and 90% to 95% of the
material must pass through a 325-mesh
screen. A small percentage of iron oxide
is not objectionable. Technical-grade
barite, "barytes” to some, is also graded
on reflectivity (e.g., 90%) and color. In
chemical manufacturing, purity is the
principal concern, and a maximum of 1%
each of ferric oxide (Fe,0;) and strontium
sulfate (SrSO,) and a trace of fluorine
usually are specified, with a minimum of
94% barium sulfate (BaSO,). If the
mineral is to be used in the production of
lithopone, the SrSO, content may be
somewhat higher. Mesh size is important
to chemical manufacturers; if the material
is too fine, dust is lost, and if it is too
coarse, mixing with carbonaceous
material is poor. Most chemical

manufacturers specify a size range of 4 to
20 mesh; some purchase lump barite and
grind it to their own needs.

Products for Trade and Industry

The principal use for barite, as a
weighing material in well-drilling muds,
accounted for 90% of total U.S.
consumption in 1993 using "Crushed and
ground (sold or used by processors)”
data. Drilling muds have five main
functions: (1) transport drill cuttings to
the surface; (2) control formation
pressures; (3) maintain bore hole
stability; (4) protect producing zones; and
(5) cool and lubricate the bit and drill
string. Barite’s lack of hardness (Mohs
scale 2 to 3.5) is a plus in this
application. The principal function of the
barite constituent is as a weighing agent
to suppress high formation pressures and
prevent blowouts. The deeper the hole,
the more barite is needed as a percentage
of the total mud mix because hydrocarbon
pressures rise strongly with increasing
depth after about 2,130 meters (7,000 ft)
of depth. The added weight of the barite
in the column of mud in the drill string is
used to counteract the dangerous
pressures when deep reservoirs of
hydrocarbons are encountered. High
pressure hydrocarbons, if uncontrolled,
can cause extremely dangerous pressure
releases and/or fires at the drilling rig.

The use of barite as a filler or
extender and other uses accounted for
about 10% of total U.S. consumption in
1993. Barite has a high specific gravity,
low oil absorption, easy wettability by
oils, and good sanding qualities.
Unbleached barite may be substituted for
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bleached barite when brightness is not a
factor. In painting automobiles, barite is
used as a filler for the primer coat where
the barite contributes to the gloss of the
topcoat and inertness to chemical attack.
When the primers are applied by the
electrodeposition process, the body
structure is dipped into a tank containing
water and paint primer. The method
eliminates one of the primary coats, thus
reducing the quantity of barite used.

Barite also is used as a filler or
extender in some plastic and rubber
products.  Processors of polyurethane
foam use barite in manufacturing such
products as floormats and carpet-backings
to add weight and improve processing
qualities.  Barite is used in white
sidewalls for tires; sidewalls consist
mainly of rubber, zinc oxide, and a small
quantity of barite.

Other industries use small quantities of
barite fillers. In the paper industry, the
white and dense barite coatings serve as
a base for the sensitized layers in
photographic prints. In the printing
industry, barite is used in inks.

In glassmaking, barite is added to the
glass melt to reduce the heat-insulating
froth that forms on the melt surface, thus
saving fuel, and to act as an oxidizer and
decolorizer, making the glass more
workable and increasing its brilliance.
Glass manufacturers usually require a
minimum of 95% BaSO, with a
maximum of 2.5% silicon dioxide (Si0,)
and 0.15% Fe,0,. The particle-size
range generally preferred is -30 to + 140
mesh. Finely ground barite can be
substituted when crushed material is not
available. In glass manufacture, barite
reduces seeds and annealing time and
increases toughness and brilliancy.

Minor uses include ballast for ships,
heavy concrete aggregate for radiation
shielding and pipeline-weighing in
swampy or aquatic areas, friction
products, and applications in foundries.

Barite is also a raw material for
barium chemical manufacturing. Barite is
the leading commercial source of barium
and barium compounds in the United
States. About 200 tons of witherite
(BaCO,) was imported from Canada,
China, and Japan in 1993 and may be a
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starting point for barium chemical end
uses. The major barium chemicals are
the manufactured carbonate, chloride,
hydroxide, nitrate, oxide, peroxide, and
sulfate.

The most important barium chemical is
precipitated barium carbonate, which is a
raw material for production of many of
the other compounds. It is also used in
brick and tile manufacturing to control
scum caused by gypsum or magnesium
sulfate in the clay (the barium combines
with the sulfate to form the insoluble
barium sulfate) and to diminish porosity
and prevent discoloration in brick. Other
uses are in television picture tubes as a
radiation barrier, optical glass, ceramic
glazes, porcelain enamel, ferrites, and
miscellaneous ceramic products. Barium-
base glass (using barium carbonate) is
considered to be more brilliant than lime
glass and more durable than lead glass.
Barium carbonate is replacing lead oxide
in television tube faceplates to stop X-ray
radiation. The same amount of strontium
carbonate will be used with the barium as
was used with the lead. The X-rays
occur when the high voltage electrons
from the "gun" that excite the phosphors
have been stopped quickly at the
faceplate.

Blanc fixe, chemically precipitated
barium sulfate, is used as a white filler in
paints, rubber, inks, and other material
where a degree of purity higher than
natural barite is required.  Barium
chloride is used in case-hardening and
heat-treating baths, in leather and cloth,
in making magnesium metal, in water
treatment, and as a laboratory reagent.
Fused barium chloride may be
electrolyzed to produce barium metal.

Barium metal also is produced by
reduction of barium oxide. The metal is
used as a "getter" to remove traces of gas
from vacuum tubes, or in alloys for spark
plugs and electronic emission elements in
electronic tubes.

Barium nitrate is used in green signal
flares, tracer bullets, primers and
detonators, and enamels. Barium oxide is
used in electric furnace ferrous
metallurgy to increase the life of acid
furnace linings, to give a quieter and
steadier arc, to reduce the sulfur content

of the iron, and to lower the slag
viscosity.

Barium hydroxide us used to prevent
scumming in ceramics, to make soap for
lubricating oils and greases, and to
recover sugar from molasses by the
barium saccharate process.  Barium
titanate finds use in miniature electronic
and communication equipment.

Industry Structure

Currently, much of the barite that is
supplied to the drilling mud industry is
supplied by barite from China and India.
The domestic industry is undergoing
changes with downsizing in the United
States and movement toward Asia and
countries in and around the former
U.S.S.R. Several U.S. firms import
barite and grind the barite to size in
plants along the gulf coast instead of
producing from U.S. mines owing to the
lower cost of the imported barite
delivered at the grinding plant. A
Nevada mine reopened during 1992
owing to transportation cost reductions.
Seven mining firms, operating 10 mines,
continue to compete in the industry. One
U.S. mine is owned by a Canadian
company and one mine is owned by a
French company. Only one barium
chemical firm competes in the barium
chemical industry using its domestically
mined barite from another division,
mixed with imported barite, as feedstock.

Geology

Pure barite has a specific gravity of
4.5. Barite varies considerably in
appearance depending on source and
treatment. It is a moderately soft
crystalline material with a Mohs hardness
between 3 and 3.5. In residual deposits,
it ranges in size from large boulders to
fines. Shades of white to dark gray and
black, depending on impurities and
surficial coating, are common in
commercial deposits.

Vein and cavity-filling deposits are
those in which barite occurs along faults,
joints, bedding planes, and other solution

channels or sink structures.  These
deposits are found most often in
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limestone. Most of the vein deposits are
believed to be of hydrothermal origin.

In central Missouri, barite occurs in
circular deposits in karst or collapse and
sink structures. These ores are rich, but
the deposits are generally small in overall
extent. These deposits are also important
as the source of the residual ore upon
weathering.

Residual barite deposits are formed by
weathering of preexisting deposits. The
principal residual deposits are found in
southeastern Missouri; the Appalachian
region; Sweetwater, TN; Cartersville,
GA; and in the Rio Grande area of
Texas. A concentration of at least 60 to
180 kilograms of barite per cubic meter is
required in a commercial deposit. In
Washington County, MO, the residuum is
3 to 4.6 meters thick, while in
Cartersville, GA, the ore is 45 meters
thick in some areas. This form of

deposit has been of considerable
economic significance.
The most important commercial

deposits are of bedded barite. These are
principally in Arkansas, California, and
Nevada. The barite in these areas is
generally dark gray to black and has a
characteristic fetid odor when struck with
a hammer. The beds, which vary in
thickness from 5 centimeters to more than
15 meters, occur interbedded with dark
chert and siliceous siltstone and shale. In
most of the deposits, the barite is
laminated. In some areas, barite nodules
and rosettes make up a large part of the
beds. Many of the beds contain 50% to
95% barite. Originally, it was thought
that these deposits were the result of the
replacement of carbonate rocks; however,
current thought is that the deposits are of
sedimentary  origin. The actual
environment of deposition has not been
established, but theories range from
submarine volcanic emissions to
hydrothermal solutions to recycling of
barite from preexisting rocks.

ANNUAL REVIEW

Legislation and Government Programs

The antidumping duty on barium
carbonate from Germany continued for
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another year. The proposed exemption of
barium sulfate from reporting
requirements of the category "barium
compounds"” of the list of toxic chemicals
under section 313 of the Emergency
Planning Act of 1986 (EPCRA) was
announced for comment but not
completed in 1993.

Producers

Dresser Industries Inc., an equipment
manufacurer (through M.W. Kellog) for
refineries, petrochemicals, and liquefied
natural gas production, announced its
intention to buy Baroid Corp. in
September.  The purchase was not
completed by the end of the year due to
the Justice Department’s concerns for:
(1) Dresser’s partial (64 %) ownership of
M-I Drilling Fluids, and (2) Baroid’s
diamond drill bit subsidiary DBS.
Dresser was expected to sell its portion of
M-I Drilling Fluids. Halliburton
maintained its ownership of the 36% of
M-I Drilling Fluids. Milpark Drilling
Fluids became part of Baker Hughes
Inteq, a drilling equipment company, in
March 1993. It would appear that the
oil-well drilling fluids companies went
through a consolidation phase in the early
1980’s as consumption dropped and
recently have been drawn into vertically
integrated companies that have drilling
equipment, drill bits, drilling fluids, other
equipment, and services.

Of the 37 operations that were
surveyed, 23 were mills (processing or
beneficiating plants, and crushing and
grinding operations) and 14 were mines.
Seventeen mills were operating, two mills
were idle during the year, and four mills
had closed. Eleven mines were operating
and three mines were idle. Only one
mine reported run-of-mine ore sales,
therefore run-of-mine ore was not
included in table 1. The recently
reopened mine was not surveyed and did
not verbally report until after the USBM
data entry window had closed and
therefore was estimated.

Sales

For 1993, beneficiated product was

100% of reported salds because the small |
amount of mn-of-miile ore sales was
withheld. (See table 1.) For 1993, "Sold
or used by producers” is incorrect and
should be 100,000 to 125,000 tons more,
which would also increase apparent
consumption figure by the same amount.
(See tables 2 and 3.)

Consumption and Uses

The consumption of crushed and
ground barite, as reported in table 1,
increased about 4% from 1 million tons
in 1992. Apparent consumption, as
calculated by "Sold or used by producers”
minus exports plus imports, rose by 67 %
as reported in the table. The oil- and
gas-well-drilling industry was estimated to
have completed more than 24,900 wells
and drilled nearly 42.3 million meters
(139 million feet) of hole.> This is 4%
above 1992’s revised number of holes
and more than 9% above 1992’s revised
total distance. From a table reporting oil,
gas, and dry well completions, total oil
wells for 1993 were estimated to be
8,274, a more than 7% drop from 8,943
wells in 1992 and much less than the
11,916 wells in 1991. Gas wells in 1993
rose more than 16% from the 1992 total
gas wells. The first three quarters of
1992 averaged 1,762 gas well
completions per quarter, the last quarter
of 1992 and the first quarter of 1993
averaged 3,087 gas wells per quarter, and
the final three quarters) of 1993 were
estimated to have averaged 2,187 gas
wells per quarters. This would seem to
support the renewed interest in natural
gas production in the United States that
caused some increase in barite
consumption. (See table 4.) For end of
year 1993 (week ending December 24),
the week-average-oil-futures price for
light sweet crude oil had fallen by 27.5%
from $19.92 in the same week of 1992
while the natural gas price had fallen by
about 1.1% on the same basis.> The
future price for light sweet crude in the
week ending July 9, 1993, was $18 per
barrel, so the decrease in oil futures price
occurred later in the year.

At the beginning of the year, the Baker
Hughes’ monthly average active U.S. rig
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count reported that there were 922
drilling rigs with 368 directed toward oil
prospects or developments and 527 rigs
directed toward gas prospects or
developments. At midyear, there were
353 oil rigs and 346 gas rigs. At the end
of the year, there were 385 oil rigs and
423 gas rigs for a total of 814 rigs, down
12% from 922 rigs at the beginning of
the year.

Prices

Price quotation in Industrial Minerals
Magazine for API grade on the U.S. gulf
coast was $85 per ton through March
when the series switched to prices paid
by grinders for Chinese and Indian lump
barite.

The reported average value per ton of
domestic barite, based on reported value
of direct-ship, beneficiated, and floated
material, increased slightly, f.0.b. plant,
from $60.22 to $61.16. The average
value of crushed or ground barite, sold or
used by processors, was $74.16, a 12%
decline from $84.49 per ton reported in
1992. Within this group, the average
value of barite for well-drilling end use
was $64.26, down 14% from $75.55 per
ton, while the average value for barium
chemicals, filler and extender, and glass
was essentially unchanged at $163.10 per
ton. The average c.i.f. value of imported
crude barite was $37.72 per ton, while
the c.i.f. value of imported ground barite
was $139.78 per ton.

Foreign Trade

Exports of natural barium sulfate or
barite rose by 50% to 18,500 tons but
was still well under the 1991 figure of
43,000 tons. Export data provided by the
Bureau of the Census did not indicate the
grades of barite traded; however, based
only on the per-ton value of individual
shipments, which varies from about $40
to nearly $2,000 per ton, drilling-, filler-,
glass-, chemical-, and phar-
maceutical-grade were all exported. (See
table 5.)

Imports for consumption of crude
barite rose sharply (137 %) from 1992 to
nearly 766,000 tons. The principal
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source countries, in descending order,
were China, India, and Mexico. The
shipment listed from Switzerland was
probably from India, according to its
price. The higher priced material was
chiefly crude filler and extender-quality
barite. Most of the crude barite entered
through customs districts along the gulf
coast for delivery to grinding plants in the
area. (See tables 6 and 7.)

World Review

Little change in overall barite
production occurred around the world
because production has moved closer to
the areas of petroleum drilling. The
former U.S.S.R. and Asia are the areas
of present and future petroleum
exploration and development. It is less
likely that barite will be hauled long
distances to these areas, given barite’s
worldwide distribution. Some areas, such
as Turkey and Kazakhstan, will produce
more barite in the near future for drilling
in nearby countries, and some countries,
probably including the United States, will
produce less barite as drilling profits
decline. The forecast for the United
States is not perfectly clear as gas
exploration may be profitable due to the
environmental friendliness of gas
consumption according to the new
administration.

The Ballynoe Mine, owned by
Magcobar  (Ireland) Ltd., closed
permanently in October. (See table 8.)

OUTLOOK

With several countries moving away
from socialist beliefs and toward greater
acceptance of international development
of petroleum resources for expertise and
financial backing, the petroleum
exploration and development effort has
moved away from North America and
into the former U.S.S.R. and countries in
the Pacific Basin. The large volumes of
barite that will be needed for the
exploration will be more likely to be
supplied from mines and mills nearby to
those regions and not from the United
States. Drilling will continue in the
United States, albeit at a slower pace, and

for gas.

The domestic barite industry may
change its production away from drilling
mud barite, dominated by China and
India, and toward higher valued products,
planning to displace imports from several
countries.

'Thrush, P. W. (ed.) A Dictionary of Mining,
Mineral, and Related Terms (Dep. of Interior), U.S. GPO,
Washington, DC, 1968, p. 1049.

2American Petroleum Institute, Quarterly Completion
Report, 4th Quarter. V. IX, No. 4, Jan. 1994, pp. 4,7.

3The Oil and Gas Journal. V. 91, No. 29, PennWell
Publ., Tulsa, OK, July 19, 1993, p. 3.
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TABLE 1

(Thousand metric tons and thousand dollars)

SALIENT BARITE AND BARIUM CHEMICAL STATISTICS

1989 1990 1991 1992 1993
United States:
Barite, primary:
Sold or used by producers 290 430 448 326 1315
Value $12,625 $16,000 $21,310 $19,633 1$19,265
Exports 10 9 43 12 18
Value $1,622 $1,675 $3,304 $1,806 $2,608
Imports for consumption (crude) 987 988 841 323 766
Value $39,768 $40,103 $35,883 $12,941 $28,894
Consumption (apparent)? 1,267 1,409 1,246 637 1,063
Crushed and ground (sold or used by processors)® 1,277 1,434 1,267 999 1,038
Value $103,759 $99,562 $102,934 $84,404 $76,981
Barium chemicals (sold or used by processors) 30 w w w w
Value °$17,000 w w w w
World: Production 5,740 5,763 5,712 5,118 4,890
Estimated. "Revised. W Withheld to avoid disclosing company proprietary data.
!Data exclude run of mine.
2S0ld or used plus imports minus exports.
3Includes imports.
TABLE 2
U.S. PRIMARY BARITE SOLD OR USED BY PRODUCERS, BY STATE
Run of mine Beneficiated material’ Total
Number of antit; uantit antit,
e operations (%l:’““:d (ththsl::ds) (%m‘s":" (m:x:::ds) 8“:’“”:" (mx::::ds)
metric tons) metric tons) metric tons)
1992:
Nevada 4 w w 229 $8,120 2229 288,120
Other States 5 w w 85 10,850 285 210,852
Total 9 12 $664 314 18,970 326 319,633
1993:
Nevada 4 w w 242 9,100 242 29,100
Other States 5 — - 73 10,165 73 210,165
Total 9 w w 315 19,265 315 19,265
W Withheld to avoid disclosing company proprietary data; included in totals.
'Includes flotation concentrate.
Data exclude run of mine.
3Data do not add to total shown because of independent rounding.
TABLE 3
CRUSHED AND GROUND BARITE' SOLD OR USED BY
PROCESSORS IN THE UNITED STATES, BY STATE
1992 1993
State Number Quantity Value Number Quantity Value
of plants (tho.usand (thousands) of plants (thc_.usand (thousands)
metric tons) metric tons)
Louisiana 7 516 $39,618 7 534 $36,965
Nevada 3 180 12,427 4 163 7,125
Texas 4 185 13,684 4 w w
Other® 12 118 18,675 9 341 32,891
Total 26 999 84,404 T2 1,038 76,981
W Withheld to avoid disclosing company proprictary data.
"Includes imports.
?Includes California, Georgia, Illinois, Missouri, Oklahoma, Texas (1993), and Utah.
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TABLE 4
CRUSHED AND GROUND BARITE' SOLD OR USED
BY PROCESSORS IN THE UNITED STATES, BY USE

(Thousand metric tons and thousand dollars)

1992 1993

Use Quantity  Value Quantity Value

Barium chemicals, filler and/or extender, glass 112 18,281 104 16,962

Well drilling 887 66,123 934 60,019

Total 999 84,404 1,038 76,981

ncludes imports.
TABLE §
U.S. EXPORTS OF NATURAL BARIUM
SULFATE (BARITE), BY COUNTRY
1992 1993

Country Quantity Value Quantity Value

(metric tons) (thousands) (metric tons) (thousands)
Angola 103 $12 - -
Argentina 7 5 — —
Australia 20 5 — —
Canada 7,025 912 9,118 $1,183
China 5 6 - —
Cote d’Ivoire 6 12 — —
Equatorial Guinea 1,688 200 — —
Honduras —_ - 3 3
Italy 1 10 14 3
Japan 207 162 118 604
Korea, Republic of —_ —_ 6 13
Mexico 305 78 1,042 262
Panama — - 150 20
Spain - - 20 65
Trinidad and Tobago —_ - 9 4
Tunisia - — 3 35
United Kingdom - - 2 4
Venezuela 3,102 402 8,001 412
Total 12,469 '1,806 18,486 2,608

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

Source: Bureau of the Census.
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U.S. IMPORTS FOR CONSUMPTION OF BARIUM CHEMICALS

TABLE 6
U.S. IMPORTS FOR CONSUMPTION OF BARITE, BY COUNTRY
1992 1993
Country Quantity Value' Quantity Value!
(metric tons) (thousands) (metric tons) (thousands)
Crude barite:
Canada 5,901 §$224 144 $24
China 216,826 9,450 419,484 17,129
India 100,031 3,252 270,917 8,915
Japan 1 2 — -
Mexico 20 6 36,006 1,371
Netherlands 18 7 — —
Switzerland - — 39,398 1,454
Total?® 322,797 12,941 765,949 28,894
Ground barite: : -
Canada 10,994 2,819 10,239 2,725
Germany 162 76 147 69
Japan 36 37 8 21
Mexico 19,649 1,437 27,394 2,456
Netherlands 27 14 24 12
Total® 30,868 4,383 37,817 5,286
1C.if. value.
2Data may not add to totals shown b of independent rounding
Source: Bureau of the Census.
TABLE 7

Blanc fixe Barium choride Barium oxide,
Year (precipitated barium sulfate) hydroxide, and peroxide
Quantity Value! Quantity Value' Quantity Value!
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands)
1989 10,638 $8,945 1,477 $702 4,644 $5.335
1990 10,354 8,675 1,510 783 4,186 5.275
1991 9,707 8,384 584 354 4,597 5.812
1992 - - 550 277 4,730 5,076
1993 — — 487 275 4,585 5,017
Barium nitrate Barium carbonate, precipitated Other barium compounds
Quantity Value! Quantity Value' Quantity Value!
(metric tons) (thousands) (metric tons) (thousands) (metric tons) (thousands)
1989 1,477 $1,012 14,401 $8,047 — —
1990 1,178 1,394 11,201 6,038 — —
1991 2,180 1,912 12,314 6,089 — —
1992 2,413 2,326 12,891 6,608 11,589 $10,035
1993 2,112 2,149 10,859 6,369 12,244 10,710
IC.i.f. value.
Source: Bureau of the Census.
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TABLE 8
BARITE: WORLD PRODUCTION, BY COUNTRY"

(Metric tons)

Country? 1989 1990 1991 1992 1993

Afghanistan®? 2,000 2,000 2,000 2,000 2,000
Algeria 49,000 53,078 44,361 45,000 45,000
Argentina 57,558 36,597 61,094 44,170 44,000
Australia® 11,000 11,000 11,000 11,000 11,000
Belgium® 40,000 35,000 35,000 30,000 30,000
Bolivia - 300 1,277 368 -
Bosnia and Herzegovind* 3 - - — 3,000 2,000
Brazil (beneficiated) 51,407 55,576 46,784 54,490 47,000
Burma® 11,278 9,468 9,000 *10,000 10,000
Canada 47,000 41,000 50,000 37,000 59,000
Chile 59,873 3,038 3,183 2,434 1,800
China® 1,750,000 1,750,000 1,800,000 1,800,000 1,900,000
Colombia 5,460 5,380 9,288 9,380 9,400
Croatia® — — - *1,500 1,500
Czechoslovakia’ 52,600 88,000 * *86,000 31,313 —
Egypt 7,295 6,197 5,943 *5,900 5,900
Finland 1,614 — — — —
France 111,800 92,500 *90,000 96,200 96,000
Georgia® - - —_ *40,000 30,000
Germany: - -

Eastern states 89,400 61,433 - - -

Western states 144,106 147,836 —_ —_ —_

Total 233,506 209,269 163,691 157,014 155,000
Greece (crude ore) 1,247 1,617 1,309 1,000 1,000
Guatemala 3,995 421 - 1,723 1,500
India 548,103 633,000 615,000 620,000 400,000
Iran® 59,660 77,423 191,238 181,174 200,000
Ireland 82,000 101,000 94,300 70,600 55,000
Italy 60,331 44,345 88,486 74,884 75,000
Kazakhstan® - - — 200,000 200,000
Kenya 210 105 °100 °100 100
Korea, Republic of 3,735 2,923 1,014 40 50
Malaysia 36,526 48,291 16,600 10,525 14,000
Mexico 324,739 305,716 191,962 187,730 193,000
Morocco 370,000 363,580 433,325 401,000 325,200
Pakistan 29,718 23,329 28,751 32,432 15,000
Peru *150,000 ¥ *130,000 150,200 16,579 16,600
Philippines® 9348 500 500 500 500
Poland 57,900 25,316 18,300 15,700 16,000
Portugal® 1,729 1,220 1,400 1,200 1,200
Romania 25,250 ¥ %65,000 ¥ #70,000 118,100 115,000
Slovakia' - - - - 30,000
South Africa, Republic of 8,570 2,490 4,790 3,570 1,200
Spain 6,745 11,285 9,000 ¥ *10,000 10,000
Thailand 87,052 107,707 *100,000 46,328 50,000
Tunisia 33,104 30,885 22,366 30,179 30,000
Turkey (run-of-mine) 425,519 366,995 250,579 311,335 300,000
US.SR*" 540,000 500,000 450,000 — -
See footnotes at end of table.
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TABLE 8—Continued
BARITE: WORLD PRODUCTION, BY COUNTRY"

(Metric tons)

Country? 1989 1990 1991 1992 1993°
United Kingdom 70,026 67,551 85,505 76,723 75,000
United States™ 290,000 430,000 448,000 326,000 315,000
Yugoslavia* * 13 30,509 23,601 20,000 —_ -
Zimbabwe 1,900 320 866 232 300
Total 5,740,307 5,763,023 5,712,212 '5,118,423 4,890,250

“Estimated. "Revised.

!Table includes data available through June 21, 1994.

?In addition to the countries listed, Bulgaria also produces barite, but available information is inadequate to make reliable estimates of output levels.
3Data are for fiscal year beginning Mar. 21 of that stated.

“All production in Yugoslavia from 1989-91 came from Bosnia and Herzegovina.

*Barite concentrates.

SData are for fiscal year beginning Apr. 1 of that stated.

"Dissolved on Dec. 31, 1992. Production in Czechoslovakia from 1989-91 came from the Czech Republic and Slovakia; all production for 1992 came from Slovakia.
*Formerly part of the U.S.S.R.; data were not reported separately until 1992.

Reported figure.

“Formerly part of Czechoslovakia; data were not reported separately until 1993.

"'Dissolved in Dec. 1991.

230ld or used by producers.

BDissolved in Apr. 1992.
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BORON

By Phyllis A. Lyday

Mrs. Lyday has covered boron for 15 years. Domestic survey data were prepared by Pam Shorter, statistical assistant; and

international data were prepared by Harold Willis, international data coordinator.

U.S. production and sales of boron
minerals and chemicals increased during
the year. Domestically, glass fiber
insulation was the largest use for borates,
followed by sales to borosilicate glass,
textile-grade glass fibers, and agriculture.

California was the only domestic
source of boron minerals. The United
States continued to provide essentially all
of its own supply while maintaining a
strong position as a source of sodium
borate products and boric acid exported
to foreign markets.

Supplementary U.S. imports of
Turkish calcium borate and calcium-
sodium borate ores, borax, and boric
acid, primarily for various glass uses,
continued.

DOMESTIC DATA COVERAGE

Domestic data for boron are developed
by the U.S. Bureau of Mines from two
separate, voluntary surveys of U.S.
operations. Of the three operations to
which a sold and used survey request was
sent, two responded, representing 99 % of
the total boron sold or used shown in
tables 1 and 8. A U.S. Bureau of Mines
canvass of the three U.S. producers also
collected data on domestic consumption
of boron minerals and compounds shown
in tables 3 and 4. (See table 1.)

BACKGROUND

Definitions, Grades, and Specifications

Few of the many minerals that contain
boron are commercially valuable. Only
colemanite and ulexite minerals,
primarily imported from Turkey, are
marketed in the United States. The boron
oxide content of both minerals is usually
marketed at about 40%. (See table 2.)
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Tincal and kernite ore and brines are
the U.S. source of refined borate
chemical compounds. The most common
refined borates, borax pentahydrate and
its derivative anhydrous borax, are
marketed in technical and agricultural
grades.  Lesser quantities of borax
decahydrate are produced in technical,
United States Pharmacopeia, and special
quality grades.

Boric acid is a white, odorless,
crystalline solid sold in technical national
formulary and special quality grades as
granules or powder. Boron oxide is a
hard, brittle, colorless solid resembling
glass that is ground and marketed most
often under the name anhydrous boric
acid.

Elemental boron is a dark brown
powder in the amorphous form and a
yellowish-brown, hard, brittle solid in the
monoclinic crystalline form. Boron is
marketed in grades from 90% to 99%
purity.

Ferroboron is a name given to a
variety of boron-iron alloys containing
0.2% to 24% boron used primarily to
introduce small quantities of boron into
specialty steels.

In the boron hydride series are
diborane, a gas; pentaborane, a liquid;
and decaborane, a solid. These
compounds range from 31,220 British
thermal units (Btu) per pound for
diborane to 27,850 Btu per pound for
decaborane.

Boron nitride, a soft, white, highly
refractory solid resembling graphite, can
withstand  significant oxidation to
temperatures up to 650°C. Boron nitride
produced in fibrous form equals glass
fibers in strength and modules of
elasticity, but is lighter in weight and
more resistant to high temperature.
When subjected to extremely high

pressure and temperature, boron nitride
forms cubic crystals that rival the
hardness of diamond. Boron carbide,
produced by reacting carbon and boric
acid at 2,300° C, is a highly refractory
material and one of the hardest substances
known. Most commonly used for both
abrasive and abrasion-resistant
applications as well as nuclear shielding,
boron carbide is marketed in technical
and high-purity grades.

Geology

At the Kramer borate deposit of the
Boron open pit mine, tincal consists of
more than 80% of high-grade beds, with
claystone only between the crystals. In
low-grade beds, tincal is less than 50% of
the beds and is disseminated in a
claystone matrix. The lower portions of
the beds consist of kernite, a secondary
mineral formed by the dehydration and
recrystallization of borax resulting from
high temperature and pressure.
Probertite is found radiating prismatic
crystals, or rosettes, commonly within
claystone and exclusively where kernite is
the dominant sodium borate. The sodium
borate facies is enveloped by ulexite,
colemanite, and barren claystone facies.
The barren facies contain calcareous
nodules but are barren of borates.!

Searles Lake in southeastern California
is a closed structural basin filled with
alluvian and lacustrine evaporites. The
flat area of about 100 square kilometers
overlies two separate salt structures. The
evaporite beds were formed during
periods of high evaporation and low
rainfall. Mud beds were formed during
full lake conditions. = The upper salt
structure is 21 to 27 meters thick and the
lower one is 8 to 12 meters thick. The
brines in these salt structures are high in
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sodium carbonate and low in sodium
chloride. The important chemical ions
are Dbicarbonate, carbonate, borate,
chloride, potassium, and sulfate as halite,
hanksite, trona, mnahcolite, burkeite,
borax, and thenardite. An impervious
mud parting layer 4 meters thick divides
the upper and lower salt layers. The
upper brine contains 1.63 % borax and is
rich in potash. The lower brine contains
1.97% borax and more carbonate.?

The Fort Cady colemanite deposit is in
the Mojave Desert near Barstow, CA.
The known deposit extends over 154
hectares at an average depth of 411
meters from the surface. The deposit is
encapsulated in clay beds, which make it
an ideal setting for in situ mining
technology. Ground water in the ore
body is brackish with a total dissolved
solids figure in the 20,000-milligram-per
milliliter range.?

Technology

Problems with the discovery,
processing, and transporting of boron
minerals and compounds from remote and
hostile locations became a part of the
history of the borax industry. The
location of the ore and the methods of
production remained a guarded secret for
many centuries. It was not until the end
of the 17th century when Amsterdam had
replaced Venice as the center of borax
production that the mineral source and
methods of process were commonly
known. Producers of boric acid from the
steam vents of Tuscany, Italy, prospered
because of a lack of competition in the
world market. Large reserves of borates
were found in Turkey in 1865 and in the
Western United States in 1856. With the
discovery of new minerals, new processes
were developed. The history of boron
production and processing has continued
for thousands of years because of the
benefits derived from using the product.
The use and processing have varied little
over the past 100 years. Modern changes
in processing are a result of improved
equipment and processing controls.

Byproducts and Coproducts

More than four-fifths of the U.S.
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production comes from mineral deposits
mined only for their boron content. The
remainder is produced from lake brines,
which also supply sodium carbonate,
sodium sulfate, potassium sulfate, and
potassium chloride. Turkish colemanite,
ulexite, and tincal ores are worked only
for their boron content. Most Soviet
borates also are mined only for their
boron content, but the Gulf of Kara-
Bagaz-Gol and the Sivash (lagoon)
borates are extracted with coproduct
chloromagnesium from brines. South
American boron has been mined from
ores and also has been produced as a
coproduct of nitrate and iodine
production.

Economic Factors

Costs.—Energy costs are especially
high for producing anhydrous products.
The anhydrous products were originally
introduced to decrease freight costs per
ton of contained boron oxide. Domestic
producers now use cogeneration facilities
to reduce the cost of energy for
processing and supplying excess
electricity for sale.

Depletion Provisions.—The domestic
and foreign depletion allowances for
boron are 14 % of gross income and may
not exceed 50% of net income without
the depletion deduction.

Operating Factors

Occupational ~ Safety and Health
Administration’s (OSHA) Hazard
Communication Standard went into effect
November 1985 and May 1986. It is
OSHA’s most comprehensive worker
protection regulation. It provides for
information and training for workers
encountering chemical exposures in the
workplace. The standard requires the use
of labels and material safety data sheets
for all regulated chemicals. Part of the
standard includes the Threshold Limit
Values (TLV) from the American
Conference of Governmental Industrial
Hygienist. TLV’s refer to airborne
concentrations of substances and represent
conditions under which nearly all workers
might be repeatedly exposed day after day

without adverse effect. The only hazard
listed for boron chemicals produced at the
mine site was a Time Weighted Average
for borax decahydrate, listed as 5
milligrams per cubic meter per 8-hour
workday, 40-hour workweek, to which
nearly all workers may be repeatedly
exposed without adverse effect. Sodium
borates, boric acid, and boron oxide are
not present to any significant degree in
air and are placed in the same hazard
category as general dust.*

Small quantities of boron are essential
for all plant life. Boron is added in trace
levels to fertilizers; however, quantities
well below concentrations affecting
humans and animals are so extremely
toxic to vegetation that boron compounds
also are used commercially as herbicides.
Concentrated boric acid is used to control
certain insects and in dilute solutions as a
preservative to control the growth of
bacteria.

Owens-Corning detailed the results of
four new studies on fiberglass and human
health, which were completed. One of
the four studies was an extensive animal
inhalation study. The studies, in
conjunction with epidemiology, provided
strong evidence that working with
fiberglass does not pose a significant
human health risk. These studies were
consistent with the results of animal
inhalation studies. Direct injection of
fibers into test animals has produced
tumors, but the relevance has been
challenged most recently by the World
Health Organization.’

ANNUAL REVIEW

Legislation and Government Programs

The Senate Energy Committee
approved a bill October 5 for the
California Desert Protection Act. Under
the proposed bill, 1.8 million hectares
(4.3 million acres) of public land would
be designated wilderness. In addition to
the wilderness designation, the bill would
add 0.5 million hectares (1.3 million
acres) of Federal lands to the existing
Death Valley National Monument and
83,000 hectares (200,000 acres) to the
Joshua Tree National Monument. The
land under discussion contains numerous
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mineral deposits, including most known
boron reserves. At yearend, H.R. 2929
had passed the House and was sent to the
Senate for further consideration. The
U.S. Bureau of Mines published OFR 62-
92 (NTIS:PB 92-238237/AS) in May
1992 that presents nine case histories to
highlight the diversity of deposits,
commodities, and markets represented in
the California Desert Conservation Area.

The Department of the Interior,
Bureau of Land Management, published
in the December 23, 1993, Federal
Register the availability of Final
Environmental Impact Report/Environ-
mental Impact Statement (EIR/EIS) for
the Fort Cady Minerals Corp. borate
solution mining project. The decisions
generated from the EIR/EIS will be
consistent with the California Desert
Conservation Plan as Amended.

The Environmental Protection Agency
published a proposed rule on Boric Acid
and its Salts, Borax (Sodium Borate
Decahydrate), Disodium Octaborate
Tetrahydrate, Boric Oxide (Boric
Anhydride), Sodium Borate and Sodium
Metaborate; Tolerance Exemptions in the
Federal Register on June 30. The
document proposes an exemption from
the requirements of a tolerance to be
established in or on raw agricultural
commodities when used as an active
ingredient in insecticides, herbicides, or
fungicides preharvest or postharvest in
accordance with good agricultural
practices.

The Department of Health and Human
Services ordered a review of research
that concludes fiberglass insulation is a
possible carcinogen. Scientists believe
that fiberglass insulation may cause
cancer in humans. The health threat is to
construction workers who install the
insulation, not to occupants of the
dwelling.

Congress continued to debate the fate
of the Mining Law of 1872 as amended
and its affect on the hard-rock mineral
industry. Boron is leasable as sodium
borate. Other colemanite and probertite
minerals are locatable because they also
contain calcium and are deposited as
placer deposits. Changes in the mining
law will probably affect royalty rates for
minerals, including these locatable
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industrial minerals in addition to the
commonly thought of hard-rock minerals
such as gold and copper.

Production

The majority of boron production
continued to be from Kern County, with
the balance from San Bernardino and
Inyo Counties, CA.

American Borate Co. (ABC), a wholly
owned subsidiary of Owens-Corning, was
sold in December 1990 to a private firm.
ABC renewed its mine permits and began
to mine small amounts of colemanite and
ulexite from the Billie Mine. Colemanite
was processed at Lathrop Well, NV.
Storage and grinding facilities were at
Dunn, CA.

North American Chemical Co.
operated the Trona and Westend plants at
Searles Lake, in San Bernardino County,
to produce refined sodium borate
compounds and boric acid from the

mineral-rich lake brines. North
American is owned by the Harris
Chemical Group, with corporate

headquarters in New York City and
operating headquarters in Overland Park,
KS. At the Trona plant, a differential
evaporative process produced borax with
potash as a byproduct. Boric acid was
produced by solvent extraction. The
Westend plant used two lines to supply
brines to the plant. The first line fed lake
brine to the Argus plant where sodium
carbonate was produced. The effluent
borax-rich brine then is pumped to the
Westend plant where it supplied about
two-thirds of the brine feed. The effluent
was blended with fresh lake brine from a
second feed line that supplied about one-
third of the brine feed. The blended
brine was then cooled to 18° C to
precipitate decahydrate borax. The
effluent was cooled to 8> C, and the
precipitated Glauber’s salt was used to
produce sodium sulfate. North American
was in the process of evaluating technical
changes in it production operation that
were to be implemented during 1993.
U.S. Borax, Inc. (Borax), a part of
Borax Consolidated Ltd. of the RTZ
Corp. PLC of London, United Kingdom,
continued to be the primary world
supplier of sodium borates. RTZ is

traded on the New York Stock Exchange.
Borax combined its corporate
headquarters and Research Center and
moved to Valencia, CA, in March 1993.

Borax mined and processed crude and
refined sodium borates, their anhydrous
derivatives, and anhydrous boric acid at
Boron, in Kern County, CA. A second
plant at Boron used a proprietary process
to produce technical-grade boric acid
from Borax’s extensive kernite ore
reserves. The boric acid was produced to
compete with imported colemanite used in
glass manufacture.

The majority of material was shipped
to Borax’s storage in Wilmington, CA.
Products made at Wilmington included
ammonium borates, potassium borates,
sodium metaborates, and zinc borate.

Consumption and Uses

U.S. consumption of borates
increased. Glass accounts for three major
borate applications as follows: glass fiber
insulation, textile glass fiber, and
borosilicate glass.

The use of borates in glass fiber
thermal insulation, primarily used in new
construction, was the largest area of
demand for borates and the principal
insulating material used in the
construction industry. Composed of very
thin fibers spun from molten glass, its
purpose is to trap and hold air. Typically
between 4% and 5% boron oxide is
incorporated in the formulation to aid
melting, inhibit devitrification, and
improve the aqueous durability of the
finished product. Cellulosic insulation,
the ninth largest area of demand,
increased.

The fifth major market for borates,
manufacturing high-tensile-strength glass
fiber materials for use in a range of
products, showed a decrease in demand.
The process of producing glass fiber uses
a borosilicate E-glass formulation that is
continuously drawn through platinum
alloy bushings into continuous filaments
of between 9 to 20 microns in diameter.
The plastic industry uses roving or
chopped strand fibers and the textile
industry uses yarn fibers.® E-Glass, or
textile fiber glass, typically contains
between 6% and 8% boron oxide.
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Originally these glasses were used for
electrical purposes, and low sodium
levels were important. Now their major
applications are reinforcements for
plastics, but the low sodium tolerance still
applies. The nonconductive and low
dielectric properties of high-strength
glass-reinforced materials make them
transparent to radar and thus valuable for
"stealth” applications. = Carbon-fiber-
reinforced resins can be stronger than
metals and, with higher modules, more
stable. Although composites can be 10
times more expensive than typical
aerospace-grade aluminum, the flexibility
they offer in design and consolidation of
parts allows large, complex structures to
be fabricated to exacting specifications.
In addition, their light weight and ability
to withstand high temperatures have made
them the material of choice for a variety
of aerospace applications.

Annual production of fiber glass was
reported to be 2 million metric tons per
year at a value of $2.3 billion. This
represented 18% of the total energy used
to produce glass products. Typical glass
industry cost for an 80-ton-per-day-
capacity fiberglass plant was estimated at
$45 million for a product that sells for
$750 per ton.”

Owens-Corning planned to reopen its
Jackson, TN, glass fiber plant that closed
in 1987. Capital investment was between
$30 and $40 million to install new
equipments. When the plant reopens in
1994, it will employ about 80 people and
produce wet-process mat glass fiber for
use in making roofing shingles.?

Consumption of borates in borosilicate
glasses remained the third major end use,
and demand decreased. Boron added in
amounts of between 10% and 13% to
glass reduced the viscosity of the melt,
assisted with fiber formation during
processing, allowed for improved specific
optical properties, increased resistance to
aqueous or chemical attack, enhanced
certain. mechanical properties, and
reduced the thermal expansion coefficient
and thermal shock resistance of the
product. Scientific glassware products
are usually fabricated in Pyrex
borosilicate glass. This type of glass is
resistant to heat up to 400° C and to
chemical corrosion from liquids and
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gases.’

Construction of the Nation’s first
facility to produce a borosilicate glass
from solid nuclear waste was completed
at Savannah River Site, Aiken, SC.
High-level nuclear waste that has
accumulated during 35 years will be
reprocessed and stored in stainless steel
canisters for temporary storage before
interment in a geologic repository. Boron
and lithium are added to the sludge to
improve the viscosity of the glass. The
viscosity of the borosilicate glass is a
function of temperature. Viscosity
determines the rate of melting of the raw
feed, the rate of glass bubble- release
(foaming and fining), the rate of
homogenization, and therefore, the
quality of the final glass product. If the
viscosity is too low, excessive convection
currents can occur, increasing corrosion
and erosion. After vitrification at 115¢° C,
the glass is pored into the stainless steel
canisters for interim storage. '

Glazes and enamels are the thin,
glassy coatings fused onto ceramics and
metals, respectively. Examples include
wall and floor tiles, tableware,
earthenware, bone china and porcelain,
cookers, washing machines, pots and
pans, and architectural panelling. The
surface decoration of glass articles can
now be made with lead-free enamels. A
glass enamel composition has a low
softening point glass frit and inorganic
pigment in a ratio of approximately 9:1.
Traditional frits are composed of boric
acid, lead, and silica. Traditional lead-
bearing frits fired between 540° C to 740°
C allow the glass enamel manufacturer to
meet requirements of the hand-blown and
bent glass industries. Metal in various
forms give different colors, such as cobalt
silicate for a deep blue; zinc and alumina
for lighter shades of blue; chrome oxide
for green; and iron, zinc, chrome, and
aluminum oxides for brown. Durability
can be improved by the addition of
titanium dioxide or zirconium oxide. The
most common lead-free decorating
formulations in frits are zinc borosilicate
and bismuth borosilicate, although some
barium is being used as a lead
replacement. The only difference in lead-
bearing enamels is the inability to develop
the cadmium sulfoselenide series of

yellows, oranges, and reds. At firing,
the frit softens and approaches a molten
state and wets the pigment and the
surface of the article being decorated,
thus permanently bonding the glass
substrate. Low lead release frits fire at
higher temperatures and have low levels
of leachability of the lead pigments."!

Boron compounds continued to find
application in the manufacture of
biological growth control chemicals for
use in water treatments, algicides,
fertilizers, herbicides, and insecticides.
Boron can be. applied as a spray and
incorporated in herbicides, fertilizers, and
irrigation water. Sodium polyborate can
be used in carpets to control fleas.'> The
Potash & Phosphate Institute of Atlanta,
GA, recommended 0.9 kilogram (one-half
pound) of boron for every ton of expected
yield of alfalfa in the spring 1992 Agi-
Briefs. The brief recommended that
micronutrient levels in the soil be
monitored by soil testing. The Tennessee
Valley Authority published Commercial
Fertilizer 1993 that list total boron
compounds consumed as secondary and
micronutrients by region in the United
States for 1992 and 1993 as 14,666 and
16,350 metric tons, respectively.

A growing and important use of zinc
borate, ammonium pentaborate, and boric
oxide is as fire retardants in the cellulosic
materials such as chipboard, cellulose
insulation, and cotton mattresses. Zinc
borate is of commercial importance in
synthetic polymers.

Boron compounds also were used in
metallurgical processes as fluxes, shield-
ing slag in the nonferrous metallurgical
industry, and components in electro-
plating baths. Small amounts of boron
and ferroboron were constituents of
certain nonferrous alloys and specialty
steels, respectively.

Neodymium-iron-boron alloys used in
magnets are produced commercially by
melt spinning and sintering. In melt
spinning, molten alloy is ejected onto a
rotating disk where a ribbon 30 to 50
micrometers thick and 1 to 3 millimeters
wide of solid material "spins" off the
disk. The process is conducted in an
inert atmosphere. In the sintered process,
the alloy powder is oriented in a magnetic
field, pressed, and sintered. The ingots
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of the alloy are crushed, milled, and
pulverized to a powder of about 3
micrometers in diameter. The alloys of
the nonmetal boron and the metals
neodymium and iron produces the
strongest magnetic material known. The
magnets then are used in automotive
direct-current motors, computer disk
drives, portable power tools, and home
appliances.'

Boron also is used as a bleaching agent
in detergents and cleaning products, such
as compact washing powders. Perborates
carry active oxygen that forms hydrogen
peroxide in solution. Perborate
tetrahydrate has been displaced by
perborate monohydrate, which is more
soluble in cool laundry wash temperature
conditions. In the United States, two
companies now produce a low-
temperature activate perborate bleach.

Recycling

Research attempts have been made at
recycling fiber-reinforced plastics, but at
present it is not economical. Canada’s
Enviromental Ministry funded in 1992 a
recycling plant reportedly to be the first
of its kind in North America. The
facility will create new raw materials
from old fiberglass boat hulls, bathtubs,
and auto parts by separating the glass
fibers from the resins.

Prices

Prices for Turkish colemanite and
ulexite increase slightly. The price for
high-purity boric acid decreased 52%.
All other reported prices remained the
same. (See table 5.)

Foreign Trade

The majority of material from the
Borax facility in Boron was shipped to
storage, loading, and shipping facilities at
Wilmington, CA. A large part of the
output was exported to Western Europe
from Wilmington to Botlek, Netherlands.

Imports of Turkish colemanite ore
totaled 81,650 tons, primarily destined
for Owens-Corning Fiberglass, Toledo,
OH, through a port in Moreheady City,
NC. Carolina Shipping of Charleston,
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SC, also imported two shiploads through
the port of Charleston.

Colemanite exports totaled 16,597
tons. American Borate, Virginia Beach,
VA, shipped 8,487 tons of that amount to
Keelung and Kaohsiung, China. A
company named ITC Inc., Balitmore,
MD, shipped 3,146 tons to the Republic
of Korea and 887 tons to Hong Kong.
American Borate also shipped 2,268 tons
to Australia and 1,052 tons to the
Republic of South Africa.

Imports of Turkish ulexite ore totaled
135,071 tons, primarily destined for
Owens-Corning Fiberglass through the
port at Morehead City, NC. A small
amount of ulextie from Chile was
imported by F & S Alloys & Minerals
Corp., New York, NY, through the port
of Houston, TX. (See tables 6 and 7.)

World Review

Argentina.—The Argentina Mining
Plan was announced. The plan changed
the collection of taxes to encourage
foreign investment. - FMC Corp. will
begin development of a lithium and boron
production facility at the Salar del
Hombre Muerto in the northern region
because of the new mining plan. FMC
plans to utilize new extraction
technologies for the brine that will be
developed from the salar.

Boroquimica SA continued production
of tincal from the Salar del Hombre
Muerto and boric acid from Tincalayu in
Salta Province. Tincal between 16 % and
18% boron oxide is concentrated by
washing and crystallizing to a 99.9%
borax product. At Sijes in Salta
Province, hydroboracite and colemanite
are produced. Ulexite is produced by
Boroquimica at Cauchari in Jujuy
Province and at Diablillos in Salta
Province.'

Bolivia.—During March 1992, Boron
International Inc. entered into an
agreement with Teck Corp. to finance an
$8 million expansion at Capina for the
production of 60,000 tons per year of
calcium borate manufactured from
ulexite. Current mining in the area of
30,000 tons annually resulted in 8,000
tons of ulexite (40% boron oxide), 4,000

tons of boric acid, and 1,500 tons per
year of sodium octaborate. '

Compania Minera Tierra Ltd., a small
company formed in 1988 for producing
borates in an area of the Department of
Potosi, has important concessions of
ulexite and sulfur near the Chilean border
in the southwestern tip of the country.
About 120,000 tons per year of ulexite is
exported to Brazil and other neighboring
countries. In 1990, the company
employed 120 persons. In 1993, a boric
acid plant was operational and producing
10,000 tons per year.

The company has interest in ulexite
mineral concessions that cover an area of
4,800 hectares, and reserves have been
estimated by the company to exceed 13
million tons of raw ulexite with grades
ranging from 20% to 37%. Ulexite is
extracted and dried by plowing with a
tractor. The dried ulexite is washed and
roasted. The processed ulexite of about
42% borate content is bagged and
exported by trucks and rail.

Various borate deposits are in the
southwestern part of the Altiplano. Llipi
Llipi, in the south of Salar de Uyuni,
contains an estimated 12 million tons of
ulexite. Copla Ltda. was mining ulexite
for export. Production of ulexite in 1989
was 9,609 tons. ¢

The Salar de Uyuni is the largest salt
flat in the Central Andes salt basin. The
flat is composed of lithium, potassium,
and boron salts in the form of brines. In
1988, the Ministry of Mines and
Metallurgy and the Complejo Industrial
de los Recursos Evaporiticos del Salar de
Uyuni (Ciresu) began negotiation with
Lithium Corp. of America (LITHCO), a
subsidiary of FMC. FMC announced on
January 15, 1993, to the Ministry that it
was ending plans to explore and develop
the brine of the Salar de Uyuni."”

Chile.—New legislation in 1992
allowed Corporacién Nacional del Cobre
de Chile (Codelco) to associate with
private national and international firms
for exploration and development. State-
owned Empresa Nacional de Mineria
(ENAMI) will be given some smaller
prospects at yearend.

Boratom Quimica Processes Ltda. had
operated in Chile since 1986 by providing
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technology and sales support to
producers. In 1986, Boratom shipped
3,000 tons of ulexite to the United States
in connection with Borichem Inc. The
ulexite mines are in the I and II Regions
of Chile. Boratom operates a refining
plant near Iquique. In March 1992,
Boratom’s assets and technology were
sold to Boron International Inc. (Canada).
In November, Boron entered into an
agreement with Teck Corp. called Boron
Chemicals Processes Chile S.A.'®

Quimica & Industrial del Borax
(Quiborax) was the main producer of
boric acid and concentrated ulexite. The
second stage of an expansion was
completed in 1992. Included in the
expansion were about 70,000 square
meters of evaporation ponds, a ulexite
washing plant, a water purification
osmosis plant, and a boric acid plant.
Quiborax operated a mine at Surire,
Parindacta, with a crude annual output of
1,000,000 tons per year of ulexite. The
ulexite is washed and upgraded from 30%
to 40% boron oxide by centrifugal action
and flotation prior to filtration. Calcium
borate is produced by adding calcium
hydroxide to the washed ulexite."
Beginning in 1993, the boric acid
production was estimated to be 20,000
tons and calcium borate production was
expected to be 20,000 tons. The plant
facilities are at El Aguila, Arica.?

The National Boraxx Corp.
(Cleveland, OH) packages and distributes
boric acid in the United States for
Quimica E Industrial del Borax Ltda.
(Quiborax Ltda.).?

Compania Minera Salar de Atacama
(Minsal) is a joint-venture project
between AMAX Inc. of the United
States, Molibdenos Y Metales (Molymet)
of Chile, and Corporacian de Fomento de
la Produccion (CORFO). CORFO
established the joint venture as a result of
an international public licitation in 1986,
in which LITHCO was the only other
bidder. The project was designed to
produce lithium carbonate, potassium
chloride, potassium sulfate, and boric
acid from the Salar de Atacama in the II
Region. Future production was expected
to be 26,000 tons of boric acid per year.
In February 1991, the project was placed
on hold for a second year, under the

142

terms of AMAX’s original contract.
Sociedad Quimica y Minera del Chile
(SQM) acquired the 63.75% stake held
by AMAX. Plans were to limit the
production to about 300,000 tons per year
of potassium chloride and possibly
lithium. SQM indicated a target date of
mid-1995 for production.?

China.—The borates in the salt lakes
of China are mainly found on the
Qinghai-Xizang (Tibet) Plateau. Boron is
distributed in many saline lakes from the
southern side of the Gilian Mountains to
the north side of the Gangdisi-Tanggula
Mountains.

In Liaoning Province, 700,000 tons of
ore was mined in 1991. Other provinces
where borax was reported were Beijing,

Hebei, Heilongjiang, Jilin, Qinghai,
Shaanxi, and Tianjin.?
France.—An agreement between

Callery Chemical Co. and the French
Sipsy division of Jouveinal was finalized
to develop and produce chemical
reagents. Callery is a producer of borane
reagents.?

Iran.—At Deh-e-Shotoran near Sirjan,
the region is of tourmaline-rich granites

that have invaded metamorphosed
sandstones. Ulexite is found in
depressions. At Tonkar near Sabzevar,

there are several sources of borates in
consolidated sediments of thin beds of
limestone, marl, and clays. Ulexite also
occurs close to the village of Ashin near
Anarak.”

Italy.—In 1992, EniChem, part of
Ente Nazionale Idrocarburi SpA (ENI),
the state-owned petroleum company,
announced a plan that provides for the
sale of nonstrategic operations in the core
business of chemicals, oil, and gas. In
1992, negotiations began on the sale of
Societa Chimica Larderello (SCL),
Tuscany, a. producer of ultrahigh-purity
boric acid and other boron compounds.
The sale was finalized in 1993 when SCL
became part of the Harris European
affiliates of the D. George Harris &
Associates holding company. High-purity
boric acid produced at Larderello was
marketed in the United States by

EniChem Americas Inc. SCL exported
about 50% of production to more than 30
countries worldwide, primarily for use in
ceramics, borosilicate glasses, for the
production of fluoborates, and other
boron compounds. The company was
founded in 1818 and extracted boric acid
from geothermal sources. These
fumaroles now supply electrical energy
and chemicals, such as carbon dioxide
and ammonia, to the plant. The first
chemical plant in Italy to produce boric
acid from imported colemanite ores was
built in 1963 with a capacity of 11,000
tons per year. A newer plant was built in
1981 with a capacity of 66,000 tons per
year of refined boric acid and
approximately 16,500 tons per year of
high-purity sodium borate pentahydrate,
decahydrate, and other boron specialties.
In 1984, SCL developed Boric Acid NS
99.99% (nuclear grade), which is
marketed to nuclear power companies
because it exceeds PD Specifications
52205 AP Revision F. No. 79500 for use
in powerplant applications.

Mexico.—The 1992 Mining Law
eliminated the National Mining Reserves
and released more than 3 million hectares
into the public lands that are now
concessionable by mining companies.
Foreign companies can invest and
participate in exploration and exploitation
of governmental concessionable mineral
deposits through investment trusts with
100% ownership. Without the investment
trust, a foreign investor is limited to 49 %
ownership.

Metamin Enterprises Inc., with the
support of Dauntless Developments, has
terminated two claims, Carlos and Carlos
Uno, in the Tubutama evaporite basin.
The claims, covering beds of colemanite
and gypsum, are about 31 kilometers
south of the U.S. border in the State of
Sonora. Work by the Government
organization Consejo de Recursos
Minerales identified a reserve of all
classes of about 30 million tons grading
8.33% boron oxide. The 160-hectare
area covered by the Carlos claims has a
potential for an open pit colemanite
deposit of up to 40 million tons. The
mineralization occurs as beds of
colemanite and possibly howlite, with
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clay and silt bands, and gypsum and
celestite beds. Chemical analysis
indicates very low values of arsenic
between 2 and 7 parts per million.
Mining costs were expected to be less
than $5 per ton.%

U.S. Borax continued as a partner
with Vitro Corp. for the Magdelena
colemanite deposit. The processing
development work had been halted
because of high arsenic content in the ore
that was difficult to remove. Vitro was
in the process of selling U.S. Borax’s
ownership in the deposit.

U.S. Borax acquired claims to the
Tubutama colemanite reserve, which
surrounded the Carlos claims of
Ainsworth Jenkins, when the Government
eliminated the National Mining Reserves
in 1992.7

Netherlands.—Morton International
planned to transfer sodium hydride
manufacturing operations from Beverley,
MA, to Delfzijl where Morton now
produces sodium borohydride. When the
plant is completed in 1994, Morton
planned to stop production in the United
States and supply that market from the
Delfzijl plant.®

The Silenka glass fiber factory in
Hoogezand, northern Holland, was
founded in 1961 as a joint venture
between PPG and Akzo. The state-
owned Development Co. for the Northern
Netherlands assisted by purchasing a 30 %
share in 1977 when the company was
struggling because of rising energy costs.
PPG purchased the remaining shares in
1990 and renamed the site PPG Industries
Fiber Glass bv. PPG is the second
biggest fiberglass manufacturer in
Western Europe.

Peru.—The quantity and number of
minerals produced in Peru and the
likelihood of significant deposits to be
discovered attracted attention to the
privatization plants. The Government
continued its privatization program to
reactivate the entire mining sector selling
many properties at prices below
comparable resources in the international
market. Boron continued to be produced
in Arequipa by Compania Minera Ubinas
S.A. A total of 34 metric tons of sodium
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borate and sodium calcium borates was
imported by Fertilizer Corp. of America
into Miami, FL, and Wilmington, NC.

Russia.—Primorsky Industrial
Amalagmation, in Dalnegorsk, produces
boron minerals from datolite containing
20% boron oxide. Amalgamation is part
of the Russian Agricultural Joint Stock
Co. known as ROSAGROCHIM.
ROSAGROCHIM coordinates the
activities of about 100 companies.

Boron minerals also were reported to
be produced in Kazakhstan, the second
largest newly independent republic of the
former U.S.S.R. The Government was
actively pursuing foreign investment to

increase  production capacity by
improving efficiency to increase
exports.”

Turkey.—Turkey’s boron operations
are under the control of the Government
corporation Etibank. Colemanite is
mined at Bigadic, Emet, and Kestelek;
tincal at Kirka; and ulexite at Bigadic.
Etibank was reported to have an ore
production capacity of 8,000 tons of
colemanite, 500,000 tons of tincal, and
115,000 tons of ulexite. Etibank operates
refining facilities to produce refined
sodium borates and boric acid from tincal
concentrates at Bandirma and Kirka.
Boron minerals and compounds are
shipped from the Port of Bandirma on the
Sea of Marmara and Izmir on the Aegean
Sea. Bandirma can produce 55,000 tons
of borax, 35,000 tons of boric acid, and
20,000 tons of sodium perborate per
year. Kirka can produce 50,000 tons of
borax, 160,000 tons of pentahydrate
borax, and 50,000 tons of anhydrous
borax per year.®

The Government announced that
Etibank would become two separate
divisions as a prelude to privatization of
the banking business. Sixty days after
the July 13 announcement, the two
divisions became affiliated companies and
the process will begin for privatization of
the banking division.

The Turkish Government now owns all
boron and trona minerals, and private
concessions of these minerals could not
be sold to private investors. Boron is a
profitable operation for Etibank and the

privatization of this sector is unlikely.*

United Kingdom.—Borax Consoli-
dated, a subsidiary of RTZ Corp., was
building a 5,580-square-meter (60,000-
square-foot) technical center at the
University of Surrey Research Park, near
Guildford. The move will involve a total
of 120 people from the research,
technical, and development functions and
the technical marketing operations.

Imperial Chemical Industires Plc
planned to close the 38,000 tons per year
Sodium perborate plant at Runconrn at
yearend. The remaining sodium
perborate capacity will be supplied by
German producer Degussa A.G. and
Netherlands producer Interox S.A. with
285,000 and 240,000 tons per year of
capacity, respectively.®

Current Research

The use of oxygen-fuel firing of glass
melting furnaces has been in use for
several decades. Sixteen States have one
oxy-fuel conversion and some States have
several conversion plants. Twenty-one
plants using borosilicate glass have
converted to oxy-fuel—9 were fiberglass
and 12 were lighting, tableware, and
television conversions. Both types of
conversions were designed to limit
particulate matter.  Advancements in
technology and the need to reduce air
emissions have been an added incentive to
the conversions. Glass melting will be
affected by titles I, II, and V of the
Federal Clean Air Act Amendment of
1990 (CAAA). Oxy-fuel conversions are
a way to decrease capital expenditures for
post-treatment systems such as
electrostatic precipitators or bag houses
required under title I of the CAAA. %

A group of research chemists
developed a triply bonding silicon using a
borate anion that offers new synthesis
routes for certain types of silicones. The
silicon cation already has been used to
catalyze the formation of silicones of
commercial importance. A boron
compound was chosen as the anion for
the tricoordinate silicon because it is
stable in toluene and does not react with
silicon cations.>

A typical glass wool formation uses
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5% boron oxide. Virtually any borate
can be used for the boron oxide source,
although refined pentahydrate borax is
preferred. Studies reinforced the
uniqueness of boron oxide in improving
glass durability and assisting melting in
fiberglass formation by reducing the
viscosity-related temperature. Increasing
the alumina content increased the aqueous
durability of glass wool. Increasing
sodium oxide greatly reduces the
durability. Other alkali oxides have small
positive or negative effects.’

A new automated instrument is able to
decrease the time needed to separate
sugars using a sodium cyanoborohydride
solution. - Previous separations took
weeks or months using mass and nuclear
magnetic resonance. The new instrument
can have a “"fingerprint" of the
glycoproteins  (proteins bonded to
carbohydrates) in 48 hours that can be
used in research on many biochemical
functions such as cell interaction with
hormones, antibodies, and other cells.?’

Two independent research teams have
verified superconductivity for the first
time in quaternary intermetallic
compounds. The new compounds have
the potential for better superconducting
wires than the niobium compounds now
in use. Both mixtures consist of four
elements that are both metals and
nonmetals. The two new compounds are
mixture of yttrium-nickel-boride carbide
and yttrium-palladium-boride carbide.*®

Adding boron to polymers can
transform low-cost polymers to material
that rival engineering plastics such as
polycarbonate. Normally, polyolefins do
not adhear to carbon and glass fibers.
The addition of boron can yield
polyolefins that cling without interferring
with the production of the raw material or
the processing of the polymer into
finished products.®

Studies on the effect of boron content
for the mass manufacture of rectangular
pipes for the storage of spent nuclear fuel
resulted in the manufacture of a 19 %Cr-
8%NI-0.6%B steel. Hot workability of
steel decreases with increasing boron
content after 0.76 % mass percent but is
improved by forging. The decrease in
hot workability with increasing boron
content is due to precipitates of iron and
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chrome borides.®
OUTLOOK

Production of boron minerals and
compounds have decreased between 1983
and 1993. One reason is that production
and imports reported in 1 year may be
utilized over a period of years. In
addition, environmental concerns may
change the demand for boron significantly
in a short period. The regulation of fire
retardants in products has resulted in
changes in boron usage as a fire

retardant. More recent decreases in
domestic consumption have been
attributed to decreases in  glass

‘consumption because of less demand

resulting from a recession. Moreover,
one-half of domestic production is
exported.  Because of increases in
production in other coutries, this amount
has decreased significantly during the past
few years.

Agriculture

Boron usage in agriculture increased
significantly in 1993.  The primary
reason was attributed to the decline in the
number of farms during the same time
period. Farming exports are showing
increased strength, and demand for boron
usage in agriculture increased during
1993.

Ceramics and Glass

Reported consumption of boron
minerals in glass and ceramic uses was
211,656 tons of boron oxide content
representing 60% of total demand
consumed. This was down from the
214,411 tons representing 62% of total
demand consumed in 1992. Ceramics
and glass both have faced competition
with polymers. The U.S. fiberglass
industry was reported to be feeling the
effects of recessionary pressures. The
sagging economy produced a decline in
demand for fiberglass reinforcements.
Fiberglass is closely related to
construction and transportation.

Coatings and Plating

Primarily used as a protective coating

for steel products and as a glazing on
ceramic tiles, boron usage increased 37 %
during the year.

Fabricated Metal Products

Boron usage decreased in metal
products during the year. Many
traditional metal products that require
soldering now are produced from
polymers as one piece. Usage in
specialized metal was expected to
increase.

Soaps and Detergents

This usage declined primarily as
chlorine bleaches and cold water washes
replace boron soap powders. Recent
concern for environmental effects of
chlorine has reversed the decline.
Perborate bleaches have returned to name
brand soap products. The usage of boron
in soaps and bleaches was expected to
increase by 4% per year during the next
S years.
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TABLE 1
SALIENT STATISTICS OF BORON MINERALS AND COMPOUNDS

(Thousand metric tons and thousand dollars)

1989 1990 1991 1992 1993
United States:
Sold or used by producers:
Quantity:
Gross weight! 1,114 1,094 1,240 1,009 1,055
Boron oxide (B,0,) content 562 608 626 554 574
Value $429,806 $436,175 $442,532 $338,700 $372,839
Exports:
Boric acid:?
Quantity 42 39 47 80 74
Value $32,613 $31,679 $35,457 $53,652 $50,498
Sodium borates:
Quantity %646 3585 4554 4489 4481
Value *$361,000 °$208,433 °$205,722 4$159,492 4$181,310
Imports for consumption: *
Borax:
Quantity 7 5 10 16 40
Value $2,114 $1,570 $3,260 $5,328 $1,226
Boric acid:
Quantity 3 6 5 6 17
Value $2,197 $3,921 $3,784 $4,337 $11,910
Colemanite:
Quantity 15 12 18 30 90
Value $4,202 $3,310 $4,389 *$16,050 $48,600
Ulexite:
Quantity 27 29 16 42 149
Value $5,940 $7,360 $4,060 *$11,340 $40,677
Consumption: Boron oxide (B,0,) content 315 319 262 345 354
World: Production 2,993 2,886 2,865 72,660 2,178
'Minerals and compounds sold or used by producers, including both actual mine production and marketable products.

%Includes orthoboric and anhydrous boric acid.
3Source: The Journal of Commerce Port Import/Export Reporting Service.
“Source: Bureau of the Census.
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TABLE 2
BORON MINERALS OF COMMERCIAL IMPORTANCE!

Mineral Chemi.c f“ ) w]izi(g)lsat
composition percent
Boracite (stassfurite) MgB,,0,Cl, 62.2
Colemanite Ca,B,0,,*SH,0 50.8
Hydroboracite CaMgB,0,,°6H,0 50.5
Kernite (rasortie) Na,B,0,¢4H,0 51.0
Priceite (pandermite) CaB,,0,,°7H,0 49.8
Probertite (kramerite) NaCaB,0,¢5H,0 49.6
Sassolite (natural boric acid) H,BO, 56.3
Szaibelyite (ascharite) MgBO,(OH) 41.4
Tincal (natural borax) Na,B,0,10H,0 36.5
Tincalconite (mohavite) Na,B,0¢5H,0 47.8
Ulexite (boronatrocalcite) NaCaB;0,¢8H,0 43.0
!Parentheses include names.
TABLE 3
U.S. CONSUMPTION OF BORON MINERALS AND COMPOUNDS,
BY END USE
(Metric tons of boron oxide content)!
End use 1992 1993

Agriculture 9,186 16,261
Borosilicate glasses 29,288 38,488
Enamels, frits, glazes 8,230 11,302
Fire retardants:

Cellulosic insulation 9,451 10,657

Other 1,394 1,421
Insulation-grade glass fibers 124,950 117,035
Metallurgy 2,624 2,058
Miscellaneous uses 23,130 35,951
Nuclear applications 455 9,775
Soaps and detergents 38,460 15,237
Sold to distributors, end use unknown 37,575 41,026
Textile-grade glass fibers 60,173 56,133

Total 344,916 355,344

'Includes imports of borax, boric acid, colemanite, and ulexite.
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TABLE 4

(Metric tons of boron oxide content)

U.S. CONSUMPTION OF ORTHOBORIC ACID,! BY END USE

End use 1992 1993

Agriculture 497 533
Borosilicate glasses 2,704 14,919
Enamels, frits, glazes 2,477 3,157
Fire retardants:

Cellulosic insulation 1,506 1,944

Other 1,349 1,420
Insulation-grade glass fibers 2,758 -
Metallurgy 154 241
Miscellaneous uses 12,760 12,343
Nuclear applications 454 9,759
Soaps and detergents 79 1,718
Sold to distributors, end use unknown 13,133 15,071
Textile-grade glass fibers 18,625 8,258

Total 56,496 69,363
Includes imports.

TABLE §

YEAREND 1993 PRICES FOR BORON MINERALS AND COMPOUNDS PER METRIC TON!

Price, Price,
Product Dec. 31, 1992 Dec. 31, 1993
(rounded dollars)? (rounded dollars)

Borax, technical, anhydrous, 99 %, bulk, carload, works® 626- 633 626- 633
Borax, technical, anhydrous, 99%, bags, carload, works® 689 689
Borax, technical, granular, decahydrate, 99 %, bags, carload, works® 259- 367 259- 367
Borax, technical, granular, decahydrate, 99.5%, bulk, carload, works® 218 218
Borax, technical, granular, pentahydrate, 99.5%, bags, carload, works’® 291- 346 291- 346
Borax, technical, granular, pentahydrate, 99.5%, bulk, carload, works® 250 250
Boric acid, technical, granular, 99.9%, bags, carload, works® 664- 671 664- 671
Boric acid, technical, granular, 99.9%, bulk, carload, works® 623 623
Boric acid, United States Borax & Chemical Corp., high-purity anhydrous, 99% B,0,, 100-pound bags, carlots 2,345 1,125
Colemanite, Turkish, 42% B,0,, ground to a minus 70-mesh, f.o.b. railcars, Kings Creek, SC* 535 540
Ulexite, Turkish, 38% B,0,, ground to a minus 6-mesh, f.0.b railcars, Norfolk, VA* 270 273

“American Borates Co.
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'U.S. f.o.b. plant or port prices per metric ton of product. Other conditions of final preparation, transportation, quantities, and qualities not stated are subject to negotiation
and/or somewhat different price quotations.
2Figures revised to reflect metric tons.
*Chemical Marketing Reporter. V. 242, No. 26, Dec. 1992, p. 23; v. 245, No. 1, Dec. 1993, p. 24.
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TABLE 6
U.S. EXPORTS OF BORIC ACID AND REFINED SODIUM BORATE COMPOUNDS, BY COUNTRY

1992 1993

Country Boric acid! Sodium Boric acid! Sodium
Quantity Value borates® Quantity Value bon:ates’

(metric tons) (thousands) (metric tons) (metric tons) (thousands) (metric tons)
Australia 1,110 $704 7,818 1,235 $997 7,153
Belgium 1,267 427 104 - — 3,665
Brazil 251 178 896 2,013 784 509
Canada 5,295 3,277 29,199 5,504 3,616 33,182
China 34 32 864 34 23 896
Colombia 170 148 565 115 103 2,843
Costa Rica 32 16 688 63 31 88
Dominican Republic 26 12 2 - - 9
Ecuador —_ —_ 1,172 —_ —_ 864
- Egypt - — 54 — — 1
El Salvador - — — 6 7 23
France 2,293 906 15 313 438 40
Germany » 63 63 100 27 11 52
Guatemala - - 2,358 ‘ 4 3 47
Honduras — — 10 9 9 20
Hong Kong 828 511 3,195 871 485 2,607
India — - — - — 5,224
Indonesia 2,606 1,374 6,541 2,598 1,679 7,587
Israel 61 56 401 61 54 243
Jamaica — — 8 — - —
Japan 26,243 20,120 28,689 22,309 18,202 25,926
Korea, Republic of 8,571 4,778 13,971 9,701 6,148 14,734
Malaysia 2,837 1,396 7,319 1,993 972 4,920
Mexico 4,378 3,180 28,676 3,898 2,691 25,613
Netherlands 4,269 4,457 292,149 3,135 3,077 257,027
New Zealand 441 268 2,570 275 171 2,968
Pakistan 368 212 — 240 121 -
Panama 1 4 34 1 4 —
Papua New Guinea - — 16 — - 32
Peru - - — — — 259
Philippines 2,722 1,036 48 2,507 561 1,294
Saudi Arabia 9 14 1,216 — — -
Singapore 2,030 1,428 955 1,325 641 2,194
South Africa, Republic of 58 49 379 92 94 321
Spain — - 41,743 2,406 1,172 54,445
Taiwan 11,453 7,535 10,653 10,753 6,367 9,594
Thailand 1,444 974 4,005 1,764 1,251 5,043
United Kingdom 65 76 673 243 206 9,313
Uruguay — — — 64 20 1
Venezuela 656 421 1,177 810 497 1,308
Zimbabwe - — 44 98 63 92
Other - — 816 - - 787
Total 79,581 53,652 489,123 74,467 50,498 480,924

'HTS code No. 2440.11.0000.
ZHTS code Nos. 2840.19.0000, 2840.30.0000, and 2840.20.0000.

Source: Bureau of the Census.
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TABLE 7
U.S. IMPORTS FOR CONSUMPTION OF BORIC ACID, BY COUNTRY

1992 1993
Country Quantity Value! Quantity Value!
(metric tons) (thousands) (metric tons) (thousands)
Belgium 1 $3 — -
Bolivia - — 318 $137
Canada 40 25 64 56
Chile 2,310 1,086 5,173 3,403
China - — 17 12
France 1 1 4 11
Germany 7 7 34 40
Italy 3,587 2,762 9,353 6,903
Japan 84 193 159 212
Netherlands 12 19 205 134
Norway — — 1 3
Russia — — 235 298
Switzerland — - 11 8
Taiwan - — 4 3
Turkey 300 158 1,000 473
" United Kingdom ” 83 167 217
Total 6,414 4,337 16,745 11,910
!U.S. Customs declared values.
Source: Bureau of the Census.
TABLE 8

BORON MINERALS: WORLD PRODUCTION, BY COUNTRY"

(Thousand metric tons)

Country 1989 1990 1991 1992 1993°
Argentina 261 123 113 143 143
Bolivia (ulexite) 10 3 14 23 11
Chile (ulexite) 131 132 97 r203 100
China°®? 74 75 93 95 100
Germany (borax)* 4 4 3 2 2
Iran (borax)® V) 2 1 * 1
Kazakhstan - - — °100 90
Peru 25 20 26 27 27
Turkey® 1,175 1,253 1,117 1,059 650
U.S.SR.*¢ 200 180 160 — —
United States’ 1,114 1,094 1,240 1,009 1,055

Total® 2,993 2,886 72,865 72,660 2,178

Estimated. "Revised.

!Table includes data available through May 25, 1994.

2B,0; equivalent.

3Data are for years beginning Mar. 21 of that stated.

“Less than 1/2 unit.

Concentrates from ore.

SDissolved in Dec. 1991.

"Minerals and compounds sokd or used by producers, including both actual mine production and marketable products.
SReported figure.

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

By Phyllis A. Lyday

Mrs. Lyday, a physical scientist with the U.S. Bureau of Mines, has been the commodity specialist for bromine for 15
years. Domestic survey data were prepared by Gail Mason, statistical assistant; and international data tables were prepared
by Jeremy Tidwell, international data assistant.

Production of bromine worldwide in
1993 was as follows: United States,
45%; Israel, 34 %; the United Kingdom,
7%; and other countries, 14%. The
U.S. portion of world production has
decreased steadily since 1973, when the
United States produced 71% of the world
supply. The decrease in world share has
been a result of environmental constraints
and the emergence of Israel as the
world’s second largest producer.
Domestic capacity decreased 14 % during
the same period of time. The quantity of
bromine sold or used in the United States
was 177 million kilograms (kg) valued at
$123 million. The value of bromine sold
or used was 69 cents per kg. Primary
uses of bromine compounds were in
flame retardants (27%), agriculture
(16 %), water treatment and sanitizing
(15%), petroleum additives (12%), well
drilling fluids (10%), dyes and
photographic  (10%), pharmaceutical
(6%), and other (4%).!

DOMESTIC DATA COVERAGE

Domestic production data for bromine
were developed by the U.S. Bureau of
Mines from a voluntary survey of
U.S. operations. Of the six operations to
which a survey request was sent, six
responded, representing 100% of total
elemental bromine sold or used. (See
table 1.)

BACKGROUND

Definitions, Grades, and Specifications

In the elemental form, bromine is a
very dark, reddish-brown liquid.
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Bromine is the only nonmetallic element
that is liquid at ordinary temperature and
pressure. The natural form of bromine is
a solution of sodium bromide in natural
brines, saline deposits, salt lakes and
seas, and oceans.

Elemental bromine is marketed in a
"purified” grade with the following
specifications: Specific gravity not less
than 3.1 at 10° to 20° C; bromine, not
less than 99.7%; iodine, none; and
chlorine, not more than 0.1%.

Specifications for the various grades of
bromine compounds include technical
bromine, 99.5% pure, with the chief
impurities consisting of chlorine, traces of
moisture, and organic matter.
Specifications of the United States
Pharmacopoeia and the American
Chemical Society Committee on
Analytical Reagents allow 0.3 % chlorine,
0.05% iodine, 0.0002% sulfur (0.006 %
as sulfate), and no more organic matter in
1 milliliter than will saturate 50 milliliters
of 5% sodium hydroxide solution. The
term "chemically pure" signifies a
minimum of impurities.

Geology-Resources

Bromine is widely distributed in the
Earth’s crust, but in small quantities. By
far the largest potential source of bromine
in the world exists in the oceans. At a
concentration of only 65 parts per million
(ppm), large amounts of seawater are
processed to obtain the bromine.

Arkansas brines contain about 5,000
ppm at depths of 2,591 meters (8,500
feet) in limestone of the Smackover
Formation of Jurassic age. In Michigan,
brines containing about 2,600 ppm of

bromine occur in the Sylvania Sandstone
Formation of the Detroit River Group of
Devonian age.

In Israel, bromine is produced as a
byproduct of salt, sodium chloride, and
potash production from the Dead Sea.
The waste brines contain 14,000 ppm
bromine.

Technology

Processing.—The Arkansas Geological
Commission reports three east-west
bromine-rich brine fields. Wells are
drilled down to the brine level, and a
submersible pump is lowered to pump the
liquid to the surface. Brine is separated
by gravity from any residual gas at the
surface and pumped to one of six
processing facilities.

At the processing facility, bromine is
separated from the brine by a steaming-
out process. The brine is pumped into
the top of a tower constructed of granite
and filled with ceramic packing. As the
brine falls through the packing material,
it reacts with chlorine and steam that are
injected at the bottom of the tower. One
pound of chlorine yields 1 kg of bromine.
About 95% of the bromine, or about 0.7
to 0.8 kg of bromine per barrel of brine,
is recovered if the raw brine is first
acidified to a pH of 3.5. The chlorine
replaces the bromine in the brine, and the
gaseous bromine rises with the steam out
of the top of the tower; there it is
condensed to a reddish-brown liquid.
Bromine is separated from gases. The
bromine liquid can be further purified or
reacted with other materials to form
bromine compounds. Bromine vapor, a
little chlorine, and water vapor are

151




captured at the top of the tower. Hot
bromine-free liquor emerges from the
bottom of the tower. After neutralizing
with lime, the waste liquor is pumped
through a heat exchanger to a waste
pond. Brine from the pond is reinjected
into the same producing zone to maintain
hydrostatic pressure.

Seawater contains about 60 to 70 ppm
of bromine as sodium bromide or
magnesium bromide.  Production of
bromine from seawater uses the blowing-
out process. Raw seawater is acidified
by adding sulfuric acid and then chlorine.
Air is drawn into the base of the tower
and rises as the brine descends. Air
containing bromine passes to the
absorption tower. In the absorption
tower, bromine reacts with sulfur dioxide
to form a hydrogen bromide. The
bromine is separated by adding acid to
the solution and is distilled by steam.
The gaseous bromine is condensed,
separated, and purified.

Recycling.—Bromine containing waste
from other processing is recycled into
elemental bromine. The waste is
reprocessed through the absorption towers
to produce a high-quality elemental
bromine. It was estimated that about 90
million kg of elemental bromine was
produced by recycling during 1993.

The byproduct hydrogen bromide that
arises from elemental brominations is not
suitable for direct use as a feedstock
when generated in streams that are too
dilute or concentrated. Similar aqueous
liquors can arise from the use of organic
bromides as chemical building block
intermediates, where the bromide is
displaced by other functional groups.

These streams can generally be
processed after essential cleanup for
elemental bromine recovery in purpose-
built units employing chlorine oxidation.
Both Associated Octel Co. Ltd. in the
United Kingdom and Great Lakes
Chemical Corp. in the United States
operate such bromide recovery units,
serving local customers and their own
internal demand.?

Byproducts and Coproducts

Some bromine-bearing brines contain
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hydrogen sulfide gas. This gas has a
disagreeable odor, is highly toxic, and
when burned, will oxidize to sulfur
dioxide, an acid-producing gas. To
prevent the emission of the gas to the
atmosphere where sulfur dioxide may
form, environmental regulations require
the recovery of the sulfur. Hydrogen
sulfide gas was chemically removed from
the incoming brine and converted into
elemental sulfur or other nontoxic sulfur-
containing compounds. The cost of
recovery was greater than the selling
price of the sulfur, but recovery
prevented emission of a gas that may
contribute to the formation of acid rain.
The hydrogen sulfide can be scrubbed
with caustic soda to make sodium sulfite
for low levels of hydrogen sulfide.

Aromatic bromination processes
normally generate hydrogen bromide gas
as a byproduct, which can often be used
in the production of other derivatives.
For instance, calcium bromide can be
produced by adsorption of byproduct
hydrogen bromide, primarily from flame
retardant manufacture in aqueous slurries
of lime.

The production of tetrabromobisphenol-
A (TBBA) is produced by bromination of
bisphenol A in aqueous methanol. The
hydrogen bromide generated reacts in situ
with methanol to provide methyl bromide
as a byproduct, which can be used in
agriculture.’

Substitutes

Various materials are used in flame
retardants as replacements for bromine in
engineering and  high-performance
thermoplastic polymers and blends, and
polymeric composites. The distinguishing
characteristic of engineering polymers is
that they have properties that lend
themselves to structural applications over
a wide range of temperatures, high
mechanical stress, and harsh chemical
and physical environments. The high-
performance polymers are also
distinguished by their special properties
such as extremely high-temperature
tolerance and outstanding optical
properties or conductivity, but they are
not necessarily designed for structural
integrity.*

The Federal Register for October 18,
1993, announced that the Halon
Recycling Corp. is officially open for
business after receiving a Business
Review Clearance from the Department
of Justice.  The Defense Logistics
Agency also is forming a reserve of
ozone-depleting substances for mission-
critical uses and is accepting recycled
Halon 1301 from the public.

Three fluoride compounds were
evaluated as candidates for Halon 1301
replacements. Perfluorobutane and
perfluoropropane  show  significant
promise for both new and retrofit
applications. Small-scale cup burner tests
have shown these compounds to be
effective fire suppressants in the range of
6% to 8% volumetric concentrations.
Technical data needed are the quantity
and character of thermal decomposition
products. Regulatory issues associated
with these compounds include global
warming potential.’®

Economic Factors

Costs.—The cost of drilling and
maintaining a bromine-producing well is
estimated to be in excess of $1 million
per well, with about 100 wells in
operation. Chlorine, the largest
manufacturing cost factor, represented
about 30% of the manufacturing cost of
bromine. Other cost factors include brine
(22%), operating cost (15%), utilities
(14 %), overhead (12%), and other (7%).

Taxes.—During 1993, brines produced
in Arkansas required the payment of $2
per 1,000 barrels in severance taxes, and
capital equipment was subject to the
payment of property taxes. Bromine
produced in the United States was subject
to Superfund taxes of $4.91 per metric
ton ($4.45 per short ton). Bromine was
manufactured using chlorine, which was
subject to a Superfund tax of $2.98 per
metric ton of chlorine ($2.70 per short
ton).

Depletion Provisions.—Bromine
producers (domestic and foreign) are
granted a 5% depletion allowance under
the Federal Income Tax Law on the value
of bromine produced from brine wells.
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The depletion allowance can be calculated
by the actual cost method.

Operating Factors

Toxicity.—Bromine is highly toxic and
corrosive and must not be allowed to
escape into the atmosphere. = Many
bromine compounds are also poisonous or
irritating and must be packaged in
leakproof containers to avoid personal
injury. If bromine spills on paper, rags,
wood shaving, etc., it will generate
considerable heat, which may lead to
spontaneous combustion. Bromine reacts
with living tissue and must be removed
immediately to avoid serious injury.

Bromine vapors are hazardous to the
eyes and lungs. Any concentration above
1 ppm in the air for an 8-hour exposure
is considered a health hazard. Bromine
can be detected by its odor even at this
level. Exposure to concentrations of 500
to 1,000 ppm for as little as one-half hour
is lethal. The Occupational Safety and
Health Administration (OSHA) regulates
the working conditions of bromine plants.

When handling bromine, a person
should use safety goggles, a face shield,
rubber gloves, rubber boots, and under
some conditions, a self-contained
breathing apparatus. Bromine spills are
neutralized with a solution of sodium
thiosulfate. Gaseous bromine is
neutralized with controlled amounts of
gaseous ammonia. All metal, such as
electrical switches and connections, that
may be exposed to bromine vapors should
be made of corrosion-resistant materials
and/or completely sealed from contact
with the room air.

OSHA established a phase-in schedule
that gives operators until 1996 to
complete process-hazard analyses (OSHA
29 CFR 1910.119) for any operator who
uses, stores, manufacturers, handles, or
moves highly hazardous chemicals that
include bromine, bromine chloride,
bromine pentafluoride, bromine
trifluoride, and propargyl bromide. The
fines that apply to the new standard are
the same as those specified by other
OSHA safety regulations. A willful
violation can result in a fine up to
$70,000. A serious violation can result
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in a fine up to $7,000 per violation. A
criminal violation can result in fines up to
$250,000 to any responsible individuals
and up to $500,000 against the
corporation. Jail terms may be imposed
for criminal violations.®

An Environmental Protection Agency
(EPA) funded computer network began in
May that would allow States to exchange
technical and legal information about
Superfund programs. Through a
computer bulletin board, users would
have access to four data bases: listing of
more than 650 EPA policies and guidance
documents; State Superfund program
information; State settlement, including
information on contaminants,
technologies, costs, and timetables; and a
record of State decisions.’

Employment.—During 1992 an
estimated 1,600 employees were
employed by the bromine industry in
Arkansas. About 1,175 are employees of
the companies and about 450 are contract
workers.

Energy Requirements.—The manu-
facturing cost of bromine was. heavily
dependent on chlorine and brine cost. Of
the total brine cost, 46% was power
related and 53% was maintenance cost.

Brine cost is dependent on well
maintenance cost and energy cost
associated with well pumping.

Approximately 14% of the bromine
manufacturing cost was energy related.

Transportation.—The Research and
Special Programs Administration (RSPA),
U.S. Department of Transportation,
published rules for hazardous substances
(49 CFR, parts 171 and 172). The action
complies with a 1986 amendment (Public
Law 99-499) to section 306(a) of the
Comprehensive Environmental Response,
Compensation, and Liability Act
(CERCLA) of 1980 (Public Law 96-510).
The law mandates that RSPA regulate all
EPA-designated hazardous substances.
The amendment required shippers and
carriers to identify CERCLA hazardous
substances, to comply with the hazardous
materials regulations (HMR), and to
make the required notifications if a

discharge of a hazardous substance
occurs.

The Hazardous Material Trans-
portation Act gives wide powers to the
Department of Transportation (DOT).
The DOT RSPA listed a final rule for
performance-oriented packaging standards
that included several bromine compounds
under HMR (49 CFR, parts 173.193 and
228). The rule comprehensively revises
the HMR with respect to hazard
communication, classification, and
packaging requirements. On January 1,
1991, the new DOT/United National
Performance Oriented Packaging
Standards (POPS) were phased into the
current DOT HMR. On that date,
compliance with domestic shipping was
voluntary. However, shipping materials
internationally or domestically by air or
international waters must comply with the
POPS regulations. POPS involves
changes to every aspect of shipping
activities, including selecting packages;
preparing shipping documents; and
labeling, marking, and placarding
shipments of hazardous materials and
waste.

The chemical and railroad industry
reached a voluntary agreement through
the Interindustry Rail Safety Task Force
to transport 10 halogenated compounds,
including ethylene dibromide (EDB), in
sturdier tank cars. The Chemical
Manufacturers Association, Association
of American Railroads, and Railway
Progress Institute agreed to the more
stringent  specifications. After the
agreement was signed, the DOT proposed
expanding the 10 substances to include
the EPA’s list of 100 toxic chemicals and
making the tank car regulations more
stringent, which would involve more
costly construction than the voluntary
agreement. The DOT will allow
comments and study the proposal, and a
decision whether to proceed with new
standards for tank cars should be made by
yearend 1995. Until DOT decides to
proceed with new rulemaking, the
Interindustry Rail Safety Task Force
agreement will not be implemented
because new standards may be
promulgated by DOT that make the tank
cars obsolete.®
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ANNUAL REVIEW

Legislation and Government Programs

A notice of proposed rulemaking was
published by the EPA in the Federal
Register September 30, 1991, to conform
its stratospheric ozome protection
regulations (40 CFR, part 82) to the
requirements of Title VI of the Clean Air
Act Amendments of 1990 (Public Law
101-549). The notice proposes amended
regulations implementing the 1992 and
later requirements of section 604, as well
as the related provisions of sections 603,
607, and 616, in a manner consistent with
continuing U.S. obligations under the
Montreal Protocol as amended.

The EPA proposed a Significant New
Alternatives Policy (SNAP), which was
required by the 1990 Clean Air Act
Amendments. The list will have
acceptable and unacceptable substitutes
for ozone-depleting compounds. A range
of factors, including ozone-depletion
potential, air and water pollution issues,
flammability, and worker and consumer
safety, will be considered in determining
acceptability as a substitute.  Under
SNAP, manufacturers or importers must
notify EPA of the intent to sell, use, or
distribute substitutes 90 days before
introducing them into interstate commerce
and provide EPA with health and safety
studies. The list will be published in
1994.

On December 30, 1993, the EPA
published in the Federal Register baseline
production and consumption allowances
for chemicals that were added to the list
of class I ozone-depleting substances.
These substances are methyl bromide and
hydrobromofluorocarbons (HBFC’s).
EPA was establishing baseline production
and consumption allowances for
producers and importers of methyl
bromide and HBFC’s from data collected
from companies that produced, imported,
exported, and transformed or destroyed
these substances in 1991.  Baseline
production allowances were as follows
for methyl bromide:  Great Lakes,
19,946 metric tons; and Ethyl Corp.,
8,234 tons. Allowances for HBFC’s was
Great Lakes, 46 tons. Baseline

consumption allowances for methyl
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bromide were as follows: Great Lakes,
15,515 tons; Ethyl, 6,380 tons,
AmeriBrom Inc., 3,524 tons; and, TriCal
Inc., 109 tons. Baseline consumption
allowances for HBFC 22B1 was Great
Lakes, 40 tons.’

A production freeze of methyl bromide
at 1991 levels beginning on January 1,
1994, and usage as an agricultural
fumigant for which no satisfactory
substitute has been identified is to be
phased out by 2000. The rule bans only
production and importation of ozone-
depleting chemicals, not their use.

The superior court in San Francisco
refused to issue a temporary restraining
order that would require a warning when
crops are sprayed with methyl bromide.
A State rule requiring a warning when
houses are sprayed for termites took
effect January 1, 1994.°

The United States asked the United
Nations Environmental Program (UNEP)
to exempt four uses of halons from the
ban on the ozone-depleting chemicals’
production that would be effective
January 1, 1994. Under the Montreal
Protocol on Substances that Deplete the
Ozone Layer, countries may petition for
the right to continue producing the fire
suppressants for essential uses. Requests
for exemption were forwarded from the
nuclear power industry, the aerospace
industry, and the oil companies for use in
refinery control rooms and on older
offshore drilling platforms.

Affirming a decision by the Ninth
U.S. Circuit Court of Appeals, the
Supreme Court ruled in February that
Federal agencies must comply with a
strict interpretation of the Delaney
Clause’s zero-risk standard. The EPA
must change its policy on exemptions of
cancer-causing pesticides, which included
bromoxynil, a herbicide.  Test have
shown that the chemicals involved induce
cancer in laboratory animals and are
known to concentrate in processed food.
The court said the Delaney amendment to
the 1958 Food, Drug & Cosmetic Act
gives EPA no discretion to allow
pesticide residues in processed foods at
levels greater than those allowed in raw
food, if the pesticide has been found to
induce cancer in animals."!

Production

Ethyl Corp. and Great Lakes Chemical
Corp. produced and marketed bromine
chemicals from plants in Arkansas.
Small amounts of unpurified bromine
were produced in Michigan as a
byproduct in the extraction of magnesium
from brine and reprocessed for
consumption in Arkansas. The Arkansas
plants accounted for 97% of U.S.
elemental bromine capacity at yearend
1993 and 100% of bromine sold or used.

At yearend 1993, Ethyl Corp., of
Richmond, VA, acting on the approval of
a committee of outside directors,
announced plans to form a publicly traded
specialty chemicals segment with the
Gottwald family, holders of 18% of
Ethy!’s stock, taking a major share in the
new company. The new company will
focus on the chemicals business and make
it more competitive on the world market.
An early retirement and work force
reduction that affected 155 salaried
employees, or about 10% of employees,
at certain locations was a result of the
formation of the new company. The
employees were located at the Richmond
headquarters and operations in Baton
Rouge, LA."? Earlier, Ethyl completed
the separation of First Colony Corp. in
the form of a tax-free dividend stock.

Consumption and Uses

Methyl bromide is a broad spectrum
pesticide that is widely used as fumigant
in the control of insects, nematodes,
weeds, pathogens, and rodentia.
Worldwide it is primarily utilized for soil
fumigation (80%), commodity and
quarantine  treatment (15%), and
structural fumigation (5%)."> Regulation
requires that methyl bromide be used for
fumigation of imported produce. About
three-quarters of the 29,000 tons
consumed domestically is for soil
application. In colder climates, the onset
of winter controls pests and diseases. But
in California and Florida, where it is
relatively warm year round, farmers
fumigate the soil to kill insects, weeds,
fungi, nematodes, and other organisms
that attack roots of seedlings.

Fire retardants were primarily and
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TBBA and decabromodiphenyl oxide
(DBPO). Great Lakes expanded TBBA
production capacity at its El Dorado, AR,
facility to meet growing demand as a
flame retardant for acrylonitrile-
butadiene-styrene (ABS) polymers. The
expansion increased Great Lakes’
capacity by 25%. The U.S. International
Trade Commission (USITC) publication
entitled "Synthetic Organic Chemical,
1993" (SOC) listed Ethyl and Great
Lakes as the only producers of TBBA.
TBBA is the largest volume
brominated flame retardant. Its primary
markets are epoxy circuit boards, ABS,
and polycarbonates. DBPO is the second

largest volume brominated flame
retardant. Its primary markets are in
television cabinets, video cassette

recorder housings, wire, cable, and
textile coatings.  Tetrabromophthalic
anhydride (TBPA) is used as a reactive
flame retardant in unsaturated polyester
resins. It also is used as an intermediate
to make other flame retardants, which are
used in polyolefin and polyvinyl chloride
wire and cable coatings, rigid
polyurethane foam insulation, and fabric
and wood treatments. Brominated fire
extinguishers are used to protect closed
spaces, such as computer rooms, and in
portable fire extinguishers. Ethyl and
Great Lakes are primary suppliers to the
domestic market.

Bromine combinations with antimony
pentoxide were marketed with
hydrobromic or hydrochloric acid to form
volatile compounds that terminate
combustion reactions and extinguish
flames. Compounds with 32% bromine
are used in textile coatings, spray-bonded
nonwovens, adhesives, and fibers.'

The first commercial brominated
aromatic phosphate ester flame retardant
for use in polymers contained 60%
bromine and 4% phosphorus. The flame
retardants can be used in engineering
thermoplastics, including polycarbonated,
polybutylene terephthalate, and
polyethylene terephthalate.'s

USITC publication SOC listed Ethyl

Corp. as the only producer of
hexabromocyclododecane and  Great
Lakes as the only producer of
hexabromocyclodecane. Sales of flame

retardants account for one-half of the
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worldwide plastic additives market and
are growing. Brominated hydrocarbons
are the major materials used to make
flame retardants. Demand for EDB is in
gasoline additives as a scavenger for lead
antiknock. The USITC’s SOC listed
Great Lakes and Ethyl as the only
producers of EDB used in gasoline
additives. Bromine was used in clear
brine drilling fluids used in workover and
completion fluids and other uses. Great
Lakes’s wholly owned subsidiary, OSCA,
Inc., entered into a joint venture with M-I
Drilling Fluids Co., a division of Dresser
Industries. This venture provides access
for marketing OSCA’s completion fluids
and ancillary services to the oil and gas
industry in more than 40 countries.

Halogenated synthetic rubber
consumption has grown. Exxon
Chemical Co. is the only domestic
manufacturer of bromobutly rubber. This
rubber is more heat resistant than other
types of rubber and is used primarily in
truck tires. The International Institute of
Synthetic Rubber Producers in Houston,
TX, projected growth rates of 2.1% per
year through 1996 for all synthetic rubber
consumption, with the exception of
polychoroprene.

Great Lakes
extraction of precious
bromine salts.

continued to offer
metals with

Prices

Prior to 1982, the price of bulk
elemental bromine reported by U.S.
producers, f.o.b. plant, was an average
value of the quantity of bromine reported
as sold. Statistical data published
beginning in 1982 gave the total quantity
and value of bromine sold and used.
This total is equivalent to a weighted
average of the value of bromine used by
the producing company plus the value of
bromine sold to other companies as
reported prior to 1982.

Bromine was sold under contracts
negotiated between buyer and seller.
Price quotations do not necessarily
represent prices at which transactions
actually occurred, nor do they represent
bid and asked prices. They were quoted
in table 3 to serve only as a guide to
yearend price levels.

Foreign Trade

Israel received duty-free treatment on
its bromine products in all major world
markets except the United States, where
duties are paid on two significant bromine
products, sodium bromide and potassium
bromide. ~The duty on all bromine
products will drop to zero in 1995.
Following the removal of the 20% duty,
imports can be expected to increase.

More than 117 nations approved the
General Agreement of Tariffs and Trade
(GATT) and brought the eighth round of
multilateral trade negotiations to a close
on December 15. The negotiators gave
up their battle to guarantee WU.S.
entertainment companies access to the
European Community’s government-
controlled television markets to close the
talks. A bitter quarrel between the
United States and France over reductions
in subsidies for farm exports was settled.
Major issues that affect the chemical
industry will remain unresolved until next
year. The President will submit the final
agreement to the U.S. Congress for

approval.
The North American Free Trade
Agreement, commonly known as

NAFTA, was signed into law.

The U.S. bromine chemical industry
petitioned the Japanese Ministry for
International Trade and Industry (MITI)
for a temporary suspension of select
Japanese duties. Imports from Israel
currently receive duty-free treatment
while imports from the United States
receive no such preferential treatment.
As a result, U.S. exports are losing
markets. The U.S. Trade Representative
stated that the best and most expeditious
solution to the problem is temporary
suspension through the Japanese Tariff
Council Procedure, while efforts continue
to seek full-multilateral resolution through
the Uruguay Round. The Japanese
market is almost totally served by imports
of bromine chemicals. Japanese
producers are not vocal opponents of
liberalization of the tariffs because they
already face competition from duty-free
Generalized Systems of Preference
imports and often purchase U.S.
intermediate or finished products subject
to duty.'s
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World Review

Methyl bromide emissions continued
as a topic of world concern. The
European Commission’s proposals, which
were sent to the European Council, were
being examined. The proposals stipulate
that hydrochlorofluorocarbons (HCFC’s)
be banned by 2015 and that methyl
bromide use and pollution freeze start in
1996. Opposition is being voiced by
France, Greece, Portugal, and Spain with
minor reservations by Belgium.
Worldwide, major production was divided
as follows: United States, 30,000 tons;
Israel, 20,000 tons; and France, 5,000
tons.  Methyl bromide users have
launched a $400,000 program to develop
technology to prevent emissions of the
gas, which is used mainly as a soil
fumigant. In 1990, France’s methyl
bromide production was 5,000 tons.
European consumption of 14,000 tons
was met mainly by United States and
Israeli imports. = Worldwide methyl
bromide production was 65,000 tons and
growth was estimated at 5% per year.!”

Producers of methyl bromide in
Europe, Japan, and the three largest
sellers in the United States, Great Lakes,
Dead Sea Bromine’s U.S. subsidiary
Ameribrom, and Ethyl, banded together
to form the Methyl Bromide Global
Coalition. The group has provided $1.5
million to examine methyl bromide’s
effects on the environment.'®

Canada.—Ethyl Corp. announced
plans to close the Sarnia, Ontario,
tetraethyl lead (TEL) plant on March 31,
1994. Bromine is a major component of
leaded gasoline because it prevents the
lead from depositing in the engine.

China.—Israel’s Dead Sea Works
expects to complete details on a potash
project in China at yearend. Construction
was planned to begin in 1994 and take 3
years to complete.

Joint ventures were sought in several
bromine compounds plants in the
Shouguang Province by Weifang Salt &
Chemical Industry Group General Corp.
The state-owned enterprise is the largest
base for the production of salt and salt
chemicals in China. Projects are to
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include technology and equipment.
Project No. 7 is a 1,000-ton-per-year
decabromodiphenol oxide project of the
Shouguang Salt Industrial Co. that would
consist of 6,000 tons per year of bromine
from 2.26 million tons per year of salt.
The products were intended for sale in
China. Project No. 26 would produce
lithium bromide at the Shouguang Salt
Chemical Industrial Factory that presently
produces sodium and ammonia bromide.
Project No. 29 is with the Shouguang
Chahe Saltworks and would produce 300
tons of lithium bromide as a byproduct;
present production is 460,000 tons of salt,
1,500 tons of bromine, and 100 tons per
year of bromate per year. The bromate
has been sold on the international market.
Project No. 32 is with Shouguang Chahe
Saltworks and would produce
hydrobromic acid as a byproduct of the
present production of 460,000 tons of
salt, 1,500 tons of bromine, and 100 tons
of bromate per year.

Weifang City is situated in the middle
of Shandong Province and Peninsula and
has been qualified by the Government of
the People’s Republic of China as a
"key" city with the capacity of conducting
its own business with the world. The
Jiaoji railway traverses the east and west
and radiates in all directions. The
leading industries are light-industry,
textiles, electronics, machinery, chemical,
and building materials. More than 400
projects introduced or run by foreign
investment have been approved by the
local government, with nearly 120 joint-
venture, cooperative, and solely foreign-
investment enterprises. '’

European Union.—The entry into
force of the Maastrich Treat on European
Union on November 1, 1993, introduced
some changes into terminology regarding
the European Community (EC) and some
of its institutions. The European Union
is now the umbrella term encompassing
the EC and the two new pillar Common
Foreign and Security Policy and Justice
and Home Affairs. The EC continues to
exist as a legal entity within the broader
framework of the Union.”

France.—Ethyl’s French subsidiary
Potasse et Produits Chimiques (PPC),

formerly owned by Rhoéne-Poulenc,
located at Thann, France, continued to
process bromine derivatives and is the
European center for sales. PPC was
purchased by Ethyl in 1992.2

Great Lakes agreed to sell certain
assets of the lubricant additives business
of Great Lakes Chemical France, SA
(GLCF) to Lubrizol. Headquartered near
Paris, GLCF acquired Societe Francaise
d’Organo Synthese from Rhéne-Poulenc.
GLCF will focus on its plastics additives
business, but will continue to manufacture
certain lubricant additives for Lubrizol
under a long-term contract.?

EIf Atochem was Europe’s only
methyl bromide producer. Autochem, a
joint venture at Port-de-Bouc 50% owned
by Octel, operated a seawater bromine
production facility.

Germany.—Bromine is produced from
the waste bittern of potash production in
Germany. German potash and salt
producers Kali und Salz AG, based in
Kassel, and Mitteldeutsche Kali AG,
based in Sondershausen, planned to
combine operations. The merger was
seen_as a means of achieving lower unit
costs and increasing their competiveness
by merging the entire German potash
industry under one company. The exact
form of the joint venture and the date at
which it will come into operation are still
under discussion. At yearend, the
Bischofferode Mine, located in Thuringia,
received a stay from closing. The
600,000-ton-per-year Mine planned to
operate until the end of the year at a
much reduced level of production and
guaranteed employment for the workers
until the end of 1995.2

The east German state of Thuringia
has called for talks in east and west
Germany to discuss dissatisfaction in
terms between the potash producers and
the Treuhandanstalt on a merger of
BASF’s subsidiary Kali und Salz and east
German’s potash holding Mitteldeutscher
Kali.*

GLCF acquired Chemische Werke
Lowi GmbH & Co. The acquisition will
expand the Great Lakes worldwide
plastics additives business with a
technology base in antioxidants and
ultraviolet (UV) absorbers to include
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hindered amides (HALS).”

Israel.—Bromine is produced as a
byproduct from waste bitterns associated
with potash production from the Dead
Sea. After potash is removed in solar
ponds, the waste bitterns are processed
with chlorine to remove bromine. The
bromine-free bitterns are then processed
to remove magnesium.

Israeli Chemical Co. Ltd. (ICL)
planned to split Dead Sea Bromine (DSB)
from Dead Sea Works (DSW).
Government approval was being sought to
enable ICL to hold a direct stake of 89%
in DSB; the balance will be held by the
public. DSB has two production plants at
Sodom and Ramat Hovav.* DSB
announced plans to implement a $500
million expansion over the next 5 years
that will increase bromine production to
200,000 tons per year. Part of the
expansion effort involves construction of
a salt refinery at Sodom that will use
solar salt to produce electrolysis-grade
salt.” Present salt production is used to
produce chlorine, which is vital to the
bromine process. Another $525 million
project allocates $350 million magnesium
plant and expansion of bromine
compounds production. Part of the
investment will include a 25,000-ton-per-
year metallic magnesium plant in 30
months with another doubling of capacity
by the late 1990’s.%

DSB and Dead Sea Periclase Ltd.
(DSP) will jointly build a plant to
produce surface treated and untreated
magnesium hydroxide flame retardants.
The investment is expected to be about
$12 million and should reach 6,000 tons
per year. Technical support will be
provided by DSB and its worldwide
subsidiaries, already active in flame
retardant technology. Sales are expected
to reach $11 million per year. Both DSB
and DSP are part of the integrated ICL.
DSP produces magnesia products using
the Aman process from brines supplied
by DSW. DSW also supplies brine to
DSB, which supplies byproduct caustic
soda to DSP for the Aman process.”

DSW also has developed a flame
retardant product that combines bromine
and antimony under pressure to form
granules, thus avoiding the use of a
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binder or carrier.%

The Government began efforts in 1985
to sell a share of ICL to offset an
investment program. Much of the
organic and inorganic chemical activity
takes place within the framework of the
massive ICL, which in 1986 was
composed of 28 companies with a work
force of 7,000. Formal bids were
accepted in 1990, but a number of
Government representatives favored a
public sale rather than sale to a foreign
investor. In 1991, privatization terms for
ICL were approved, and ultimately 25%
of ICL was sold by 1993. The
Government was reportedly willing to
reduce ownership to 49% at some point
in time. The Knesset approved the Dead
Sea Mineral Rights Law Interim
Amendment November 10, 1993, clearing
the way for DSW to proceed with
expansion projects already under way.
Unlike companies in the United States, all
production is exported.*!

Japan.—According to a study by DIA
Research Institute Inc., Tokyo, organic
brominated flame retardants for plastics
experienced an annual growth rate of
27%, and aluminum hydroxide is
showing the fastest growth in the
inorganic flame retardants. Consumption
of flame retardants for plastics has grown
nearly 700% between 1976 and 1991.%

Russia.—Russia holds first place in the
world for explored and potential reserves
of rock salt and potash salts. The value
of the deposits is markedly increased by
the possibility of extracting lithium,
bromine, and other useful constituents.
The most important salt basins are
confined to the Paleozoic sedimentary
deposits filling intercontinental structures.
The largest is the Upper Kama salt basin
in the Perm region of European Russia.
There the Permian sequences contain
more than 60% of the total salt reserves
of the former U.S.S.R.®

United Kingdom.—Great Lakes’s
affiliate, Associated Octel, was
renovating and repacking a blowing out
tower used for extracting bromine from
seawater at the Anglesey site.3* Octel
signed a long-term agreement to supply

Ethyl’s requirement for lead antiknock
compounds, effectively making Octel the
world’s only producer of TEL. Octel
also signed an agreement to supply
antiknock compound to E. 1. du Pont de
Nemours & Co. (Dupont) for the Mexico
market. Octel’s three facilities in
Paimboeuf, France, Bussi, Italy, and
Ellsmere Port, United Kingdom, will
become the only significant sources of
TEL in the world. In the United States,
Dupont ended production at its
Deepwater, NJ—based plant in 1991.
Dupont closed its operation in Mexico in
November 1992. PPG Industries Inc.,
Pittsburgh, PA, closed its Beaumont, TX,
facility in 1983, and Nalco Chemical Co.
closed its Freeport, TX, facility in 198S5.
Ethyl closed a plant in Baton Rouge, LA,
in 1985 and another in Pasadena, TX, in
1980.%

Under the Montreal Protocol,
production of halons ceases at the end of
this year, except for those uses deemed
essential by all parties to the protocol.
The United Kingdom listed six uses on
the list covering Halons 1211 and 1301 in
aircraft, airport vehicles, offshore oil and
gas installations, and certain trains’
engine rooms. The essential uses must be
agreed upon by the end of 1994.%

Current Research

The National Aeronautics & Space
Administration (NASA) has been
monitoring the stratosphere from space
for 14 years. NASA and the National
Oceanic & Atmospheric Administration
(NOAA) have been measuring
chlorofluorocarbons (CFC’s) in the
atmosphere since 1978. Halons are
fluorocarbons that contain bromine.
Research has confirmed that fully
halogenated compounds are essentially
inert in the troposphere, gradually
floating unchanged into the stratosphere.
Ozone is produced continually in the
upper stratosphere where solar ultraviolet
(UV) radiation dissociates molecular
oxygen to form atomic oxygen. The
intense concern regarding the fate of
ozone in Earth’s atmosphere stems from
its ability to shield Earth’s surface from
potentially harmful solar UV radiation.
Once halons rise above the bulk of the
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ozone layer, which is most dense between
15- and 30-kilometers altitude, depending
on the altitude, they are photolyzed by
UV light, producing halogen atoms.

Chlorine and bromine top the list of
suspects causing the thinning of ozone in
the Northern Hemisphere to accelerate.
Although ozone researchers believe
chlorine- and bromine-catalyzed
destruction is responsible for the global
ozone thinning, the process has not been
quantified. The total amount of chlorine
and bromine in the stratosphere is
virtually uniform worldwide. Only in
Antarctica do all elements take forms that
attack ozone long enough to destroy
massive amounts of ozone. Despite a
growing perception that the problem of
ozone depletion is solved, scientists are
still  struggling to understand its
complexities.’

While in theory any halogen
compound can function as a flame
retardant, only chlorine and bromine
compounds are actually used because of
their molar effectiveness and the thermal
stability of organohalogen compounds.
Iodine, although the most effective, is
never used because of cost and the
instability of the organoiodine
compounds. Aromatic bromine
compounds are typically used with a
synergist, such as antimony oxide, which
promotes the formation of volatile
bromine species.  Aliphatic bromine
compounds are commonly used without a
synergist, but are limited to relatively low
processing temperatures.®

Great Lakes’ proprietary product, FM-
200, received the Underwriters
Laboratory listing mark. FM-200
matches Halon 1301’s superior, people-
safe fire fighting capabilities, yet poses
no threat to the stratospheric ozone layer.
FM-200 is under evaluation as a CFC
replacement in testing in military
applications.”

Bromine injected into an aquifer can
help in understanding the spread of
pollution under the site. The U.S.
Geological Survey used an array of
10,000 test wells to sample ground water.
Streamers of light mimic the path of
pollutants.®

The selective oxidation of organics has
been an important industrial reaction for
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intermediates in agrochemical,
perfumery, pharmaceutical, polymers,
and other areas. Solvay Interox

developed two approaches to oxidation:
one indirect and one direct. The indirect
process involves reaction of the substrate
with bromine generated in situ from
hydrogen peroxide and hydrobromic acid.
The actual product composition is
determined by the reactivity of the
substrate and the reaction conditions
chosen. The direct oxidation method
employs a cobalt (Co) catalyst in the
presence of a promoter, such as the
bromide ion, using peroxide to assist the
oxidation of Coll or ColIL.*

Bromination of fullerene (Cg,) yields a
variety of materials. Surprisingly, the
reaction is reversible.
Heating a brominated fullerene
regenerates Cq,, supporting the idea that
the fullerene cage remains intact during
halogenation.

Electrochemical technology can be
used to produce sodium bromide and
sodium bromate using electrodes and
membrane material. The system operates
on-site and can add sodium bromide or
sodium bromate directly to the water
system for use as a biocide. The use of
selective anodes can minimize electrical

consumption and avoid unwanted
secondary reactions.®
Environmental concerns have

pressured the pulp and paper industry to
study new approaches for bleaching.
Research and development facilities are
investigating the suitability of bromine in
aqueous solution as an on-site bleaching
agent.*

OUTLOOK

Sales of bromine, primarily in
compounds, have decreased about 25%
since 1979. This represents an annual
rate of decrease of about 2% per year.
These decreases have been offset by
increased use of bromine in fire
retardants, sanitizers, and well-drilling
fluids. Bromine is expected to increase
in demand at the same 1.1% rate through
the next 5 years. Demand as a fire
retardant will offset any decreases in
other uses. Bromine usage in well-
drilling fluids was expected to increase.

Petroleum

Demand for bromine as a gasoline
additive has declined each year since the
EPA issued regulations in the 1970’s to |
reduce the lead in gasoline. Bromine in
the form of EDB is used as a "scavenger”
for the lead to keep the lead from
depositing in the engine. In 1979, the
amount of bromine sold reached a peak
of 225 million kg. The rapid decline to
141 million kg in 1986 was a direct result
of the limits on lead in leaded gasoline.
The EC continued discussions to reduce
lead levels in gasoline.

Federal laws enacted to encourage
alternative forms of power in automotive
engines are likely to have a depressive
effect on increases in petroleum demand.
The Clean Air Act Amendments of 1990
has an amendment that will require
mobile sources, such as cars and trucks,
to use the most effective technology
possible to control emission. Electric
cars that do not require bromine gasoline
additives are already on the market in
California. '

Sanitary Preparations

Bromine has found usage in swimming
pools, hot tubs, and whirlpools. The
sanitary preparation field is an area where
bromine has been found to be safer than
its substitutes because bromine has a
higher biocidal activity level for the same
amount of product. Applications in the
pulp and paper industry and in cooling
towers and Government-regulated food-
washing applications are growth areas.
The use of bromine will continue to grow
in this area, closely following the gross
national product in real growth.

Fire Retardants

Federal regulations covering
flammability of private and public
building materials and furnishings have
required greater amounts of fire retardant
chemicals to be used in these materials
and furnishings. Fire retardants are
expected to grow as organic materials
replace metals in transportation,
infrastructure, and packaging. Several
State governments continue to support
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strong consumer laws that protect State
residents from products with potential fire
hazards produced in other States.

Other Uses

Usage of calcium bromide and zinc
bromide in well-drilling fluids decreased
during the 1980’s as the domestic
petroleum industry suffered a severe
recession. Both the Baker Hughes and
the Smith rig count published each week
in the Oil & Gas Journal showed a
decrease in activity at yearend 1993 when
compared with that of 1992. The 1993
yearend workover rig count showed a 4%
increase over that of yearend 1992.
Qilfield chemicals used in drilling,
completion and workover, and production
operations have remained significantly
more profitable internationally than in
U.S. operations. The competition market
included corrosion inhibitors,
bactericides, viscosities and defoamers, as
well as commodities such as calcium
chloride and calcium bromide brines used
to maintain well productivity.
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TABLE 1
SALIENT BROMINE AND BROMINE COMPOUND STATISTICS

(Thousand kilograms unless otherwise specified)

1989 1990 1991 1992 1993
United States:
Bromine sold or used:!
Quantity 175,000 177,000 170,000 171,000 177,000
Value thousands $139,000 $131,000 $124,000 $125,000 $123,000
Exports:
Elemental bromine:
Quantity 3,557 2,932 2,563 5,320 6,013
Value thousands $3,165 $4,008 $7,665 $5,542 $7,441
Bromine compounds:?
Gross weight 35,914 17,094 17,123 19,996 15,754
Contained bromine 28,998 14,443 14,555 16,946 13,351
Value thousands $24,093 $18,166 $21,280 $26,445 $21,750
Imports:®
Elemental bromine:
Quantity 460 756 142 851 850
Value thousands $293 $508 $91 $522 $513
Compounds:
Ammonium bromide:
Gross weight 2,402 1,526 2,055 1,794 1,242
Contained bromine 1,960 1,245 1,676 1,463 1,013
Value thousands $3,471 $2,399 $3,129 $2,871 $2,024
Calcium bromide:
Gross weight 71,770 11,634 14,610 5,365 9,652
Contained bromine 6,212 9,301 11,688 4,289 7,722
Value thousands $3,231 $5,236 $7,130 $3,212 $3,741
Potassium bromate:
Gross weight 330 199 386 407 280
Contained bromine 139 42 185 195 134
Value thousands $918 $615 $1,244 $1,250 $892
Potassium bromide:
Gross weight 590 593 . 888 883 1,179
Contained bromine 395 461 595 592 790
Value thousands $985 $1,028 $1,591 $1,663 $2,174
Sodium bromate:
Gross weight NA NA 229 176 290
Contained bromine NA NA 121 93 153
Value thousands NA NA $391 $469 $725
Sodium bromide:
Gross weight 1,369 1,630 3,036 1,097 1,266
Contained bromine 1,063 1,266 2,358 852 983
Value thousands $1,922 $2,130 $3,882 $1,617 $1,732
Other:
Gross weight 28,005 11,591 11,646 11,741 12,465
Contained bromine 19,787 7,083 7,104 7,162 7,604
Value thousands $42,589 $50,414 $24,585 $21,477 $36,453
World: Production 409,204 389,680 391,928 392,703 392,650

“Estimated. "Revised. NA Not available.

'Elemental bromine sold as such to nonproducers, including exports, or used in the preparation of bromine compounds by primary U.S. producers.
?Bureau of the Census. Includes methyl bromine and ethylene dibromide.

SBureau of the Census.
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TABLE 2

BROMINE-PRODUCING PLANTS IN THE UNITED STATES IN 1993

Elemental
bromine
State and company County Plant Production P m" s
source capacity
(million
kilograms)
Arkansas:
Arkansas Chemicals Inc. Union El Dorado ~ Well brines 23
Ethyl Corp. Columbia Magnolia do. 45
Do. do. do. do. 73
Great Lakes Chemical Corp. Union El Dorado do. 48
Do. do. Marysville do. 36
Do. do. El Dorado do. 23
Michigan:
The Dow Chemical Co. Mason Ludington do. 29
Total 2256
1Actual production capacity is limited by brine availability.
2Bromine produced at this plant is reprocessed in Arkansas.
3Data do not add to total sh b of independent ding
TABLE 3

YEAREND 1993 PRICES FOR ELEMENTAL BROMINE AND SELECTED COMPOUNDS

Value per Value per

Product pound kilogram
(cents) (cents)
Ammonium bromide, National Formulary (N.F.), granular, drums, carlots, truckloads, f.o.b. works 131 289

Bromine:

Drums, truckloads, works' 123 271
Bulk, tank cars, works' 56 123
Bromochloromethane, drums, carloads, f.0.b. Midland, MI 127 280
Calcium bromide, bulk® 67 148
Ethyl bromide, technical, 98 %, drums, truckloads 127 280
Ethylene dibromide, drums, carloads 95 209
Hydrobromic acid, 48 %, drums, carloads, truckloads, f.o.b. 42 93
Hydrogen bromide, anhydrous, cylinders, 2,500 pounds, truckloads 475 1,047
Methyl bromide, tank cars 7 170
Potassium bromate, granular, powdered, 200-pound drums, carloads, f.0.b. works 106 234
Potassium bromide, N.F., granular, drums, carloads, f.o.b. works 112 247
Sodium bromide, technical, truckloads 70 154

2Bureau of the Census. Average c.i.f. import value.
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Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 245, No. 1, Jan. 3, 1994, pp. 24-31.

1Delivered 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.
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TABLE 4
U.S. IMPORTS OF OTHER BROMINE COMPOUNDS

1992 1993
Harmonized
Compounds schedule Gr‘oss Value! Grf)ss Value Principal sources, 1993
code (kimf:‘;ls) (thousands) (ki:)eg‘f:l t:m) (thousands)

Methyl bromide 2903301520 3,532 $3,641 3,570 $4,405 Israel 100%.

Chlorobromodifluormethane 2903400020 3,115 13,004 4,682 26,670 United Kingdom 51%, France 36%,
Germany 4%, Japan 4%, Canada 3%,
Netherlands 2% .

Hydrobromic acid 2811195050 299 NA 294 250 Israel 100%.

Dibromoethyldibromocycloxehane 2903590500 45 244 73 1,077 Netherlands 56 %, Germany 35%,
Slovakia 7%, United Kingdom 2%.

Dibromoneopentyl glycol 2905505000 56 255 88 215 Israel 100%.

Tetrabromobisphenol-A 2908102500 85 104 34 41 Do.

Decabromodiphenyl oxide and 2909300700 2,022 4,229 1,914 3,795 Do.

octabromodiphenyl oxide

Bromoxynil? NA 2,096 NA 1,398 NA United Kingdom 100%.

Brominanine? NA 491 NA 412 NA Japan 100%.

NA Not available.

!Declared c.i.f. evaluation.
2The Journal of Commerce Port Import/Export Reporting Service.

Source: Bureau of the Census.

162 BROMINE—1993



TABLE §
WORLD BROMINE ANNUAL PLANT CAPACITIES AND SOURCES,' DECEMBER 31, 1993

SDissolved in Dec. 1991.
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Capacity
Country and company Location (thousand Source
kilograms)

China:

Laizhou Bromine Works Shandong 11,500 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.
Germany:

Kali und Salz AG: Salzdetfurth Mine Bleichrode 2600,000 Do.

Do. Sondershausen 3,500 Do.

India:

Hindustan Salts Ltd. Jaipur

Mettur Chemicals Mettur Dam 1,500 Seawater bitterns from salt production.

Tata Chemicals Mithapur
Israel:

Dead Sea Bromine Co. Ltd. Sodom 150,000 Bitterns of potash production from surface brines.
Italy:

Societa Azionaria Industrial Bromo Margherita di Savoia 900 Seawater bitterns from

Italiana

Japan:

Toyo Soda Manufacturing Co. Ltd. Tokuyama 20,000 Do.
Spain:

Derivados del Etilo S.A. Villaricos 900 Seawater.
U.S.S.R:?

Government NA 24,000 Well brines.
United Kingdom:

Associated Octel Co. Ltd. Amlwch 30,000 Do.
NA Not available.
1Excludes U.S. production capacity. See table 2.
2Closed 1993.
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TABLE 6

BROMINE: WORLD PRODUCTION, BY COUNTRY*

(Thousand kilograms)

Country? 1989 1990 1991 1992 1993°
Azerbaijan — — - *5,000 4,000
China°® 8,000 8,080 12,100 12,000 13,000
France® 18,000 3,100 3,000 33,200 3,000
Germany: Western states 2,000 1,500 1,500 r*750 750
India® 1,272 1,300 1,300 1,300 1,400
Israel® 134,725 130,000 135,000 135,000 135,000
Italy*® 400 400 400 300 300
Japan® 15,000 15,000 15,000 15,000 15,000
Spain® 300 300 300 2250 200
Turkmenistan — — - 12,000 10,000
USSR.** 25,000 25,000 24,000 — -
Ukraine — — - 7,000 5,000
United Kingdom 29,907 r *28,000 29,328 29,903 28,000
United States® 174,600 177,000 170,000 171,000 177,000

Total 409,204 389,680 391,928 392,703 392,650

Estimated. "Revised.

D, A.R 1.-\

| 4

3Reported figure.
“Dissolved in Dec. 1991.
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*Sold or used by producers.

'Table includes data available through May 4, 1994.
?In addition to the countries listed, scveral other nations, notably the Eastern states of Germany (lhe former German
d bromine but output data are not
inadequate for formuhuon of reliable estimates of output levels.

d. and availabl

infor
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CEMENT

By Cheryl Solomon

Ms. Solomon, a physical scientist with 8 years of U.S. Bureau of Mines (USBM) experience, has been the commodity
specialist for cement since 1992. Domestic survey data were prepared by Eric Dunkelberger, statistical assistant; and
international survey data were prepared by Dave Mann, international data coordinator.

The industry’s main product, portland
cement, makes up 96% of the total
domestic production. The remainder
comes from masonry, hydraulic, and
aluminous cements.

In 1993, U.S. demand for cement
increased by approximately 8%.
Domestic production of portland cement
increased by 6%. Cement imported for
consumption increased for the first time
in 5 years to 7.06 million metric tons.
Portland cement values increased to
approximately $55 per metric ton.

The International Trade Commission
(ITC) reaffirmed that the U.S. cement
industry had been materially injured or
| threatened by imports of Japanese gray
portland cement and cement clinker into
the United States. The action was in
response to an order from the Court of
International Trade.

The International Trade Commission
completed its review of gray portland
cement and clinker from Mexico. The
preliminary rates were revised. The final
dumping margins ranged from 30.44% to
53.26%.

The ITC began an investigation of
French calcium alumina cement and
cement clinker shipped to the United
States. The Commerce Department was
to begin a pricing investigation of the
shipments.

DOMESTIC DATA COVERAGE

Domestic production and consumption
data for cement are developed by means
of the portland and masonry cement
voluntary survey. Of the 121 cement
manufacturing plants to which an annual
survey collection request was made, 110
responded, representing 91% of the
cement production and consumption data

CEMENT-—1993

shown in table 1. Estimates were made
for nonrespondents using monthly survey
data and data received from previous
annual surveys. (See table 1.)

BACKGROUND

Definitions, Grades, and Specifications

Section 4 of the Annual Book of the
American Society for Testing and
Materials (ASTM) publishes standards,
test methods, definitions, recommended
practices, classifications, and
specifications for cement, lime, and
gypsum.! Following is a brief discussion
of various types of hydraulic cements and
the materials from which they are made.

Clinker.—Clinker is produced by
heating a properly proportioned mixture
of finely ground raw materials containing
calcium carbonate, silica, alumina, and
iron oxide in a kiln to a temperature of
about 2,700° F at which partial fusion
occurs. The fused material, which ranges
from fine sand grains to walnut size, is
ground with small amounts, 3% to 5%,
of calcium sulfate, usually gypsum or
anhydrite, to make portland cement.

Portland Cement.—ASTM
specification C-150 covers five types of
portland cement: Type I, for use when
special properties specified for other
types are not required; Type II, for
general use, especially when moderate
sulfate resistance or moderate heat of
hydration is desired; Type III, for use
when high early strength is required;
Type IV, for use when a low heat of
hydration is desired; and Type V, for use
when high sulfate resistance is required.
ASTM specifications also include Type

1A, Type IIA, and Type IIIA for the
same uses but with the addition of air
entraining compounds to protect concrete
against freeze-thaw damage.

White Cement.—White cement is
made from iron-free materials of
exceptional purity, usually limestone,
china clay or kaolin, and silica. The
clinker is burned with a reducing flame in
the kiln and rapidly quenched in a water
spray to keep any iron in the ferrous state
to avoid coloration by ferric ions. The
clinker is then ground with high-purity
white gypsum using ceramic balls and
liners in grinding mills. White cement is
used in decorative concrete, including
terrazzo, median barriers, and
architectural concrete.

Masonry Cement.—Masonry cement
is a hydraulic cement used in mortars for
masonry construction. It contains one or
more of the following materials: portland
cement, portland-pozzolan cement, slag
cement, or hydraulic lime, usually with
hydrated lime, limestone, chalk,
calcareous shale, talc, slag, or clay
interground for plasticity. ASTM
designation C-91 contains specifications
for masonry cement.

Blended Hydraulic Cement.—ASTM
Specification C-1157, first developed in
1992, covers blended hydraulic cements
for both general and special applications.?
This is a specification giving performance
requirements. There are no restrictions
on the composition of the cement or its
constituents. The specification classifies
cements by type based on specific
requirements for general use, high early
strength, resistance to attack by sulfates,
and heat of hydration. As a performance
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standard and not a rigid formula of
ingredients, it does not replace ASTM’s
existing standards (C-595 for blended
cement described below) but is an
additional way to specify blended
cements. ASTM designation C-595
covers four kinds of blended hydraulic
cements, each with an optional provision
for air entraining.

Portland-Blast Furnace Slag.—This
is essentially an intimately interground
mixture of portland cement clinker and
granulated blast furnace slag, or an
intimate and uniform blend of portland
cement and fine granulated blast furnace
slag in which the slag constituent ranges
between 25% to 70% of the total weight
of the cement.

Pozzolan.—Pozzolan is a siliceous and
aluminous material that in itself possesses
little or no cementitious value but will, in
a finely divided form and in the presence
of moisture, chemically react with
calcium hydroxide at ordinary
temperatures to form compounds
possessing cementitious properties. Fly
ash is a pozzolanic material obtained
from flue gases produced by coal
combustion. Natural pozzolans are
naturally occurring materials, such as
diatomaceous earths, opaline cherts and
shales, tuffs, volcanic ash, and pumicites.
ASTM C-618 covers fly ash and natural
pozzolans.

Portland-Pozzolan Cement.—
Portland-pozzolan cement is produced by
intergrinding portland cement clinker and
pozzolan, by blending portland cement or
portland-blast furnace slag cement and
finely divided pozzolan, or a combination
of intergrinding and blending in which
the amount of the pozzolan is between
15% and 40% of the total weight of the
cement.

Pozzolan-Modified Portland
Cement.—The constituents in this type of
cement are the same as those for
portland-pozzolan cement, and the
methods of production are also the same.
However, pozzolan makes up less than
15% of the total weight of the blended
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cement.

Slag Cement.—Slag cement is a finely
divided material made from a uniform
blend of granulated blast furnace slag and
hydrated lime. The slag constitutes at
least 70% of the total weight of the
blended cement.

Oil-Well Cement.—Oil-well cement
was developed to seal oil and gas wells
under pressures of 18 to 20,000 pounds
per square inch and temperatures up to
400° F in oil and gas wells and 500° F in
steam wells. This cement must remain
fluid up to about 4 hours to be effective.
The cement is modified by service
companies to fit individual well
conditions using additives. The average
well depth is 4,600 feet, but can range
from grass roots depth to 30,000 feet.

The American Petroleum Institute
(API) specifications cover requirements
for manufacturing eight classes of well
cements—A, B, C, D, E, F, G, and H—
and Grades O-Ordinary, MSR-Moderate
Sulfate-Resistant Grade, and HSR-High
Sulfate Resistant Grade.> Changes in the
API specification were set down in 1991,
including the elimination of specific well
depths in classes A-H cement and the
abolition of mandatory testing for classes
A, B, and C cement among other
changes. The physical and chemical
requirements set down previously
remained the same.

Expansive Cement.—Expansive
cement is a hydraulic cement that tends to
increase in volume after setting during the
early hardening period. There are three
types of expansive cements, types K, M,

and S. Expansive cements are used
primarily in shrinkage-compensating
concrete. ASTM specification C-845

covers all expansive cements.

Aluminous Cement.—Sometimes
known as calcium aluminate cement, or
high-alumina cement, aluminous cement
is a hydraulic nonportland cement.
Special applications of aluminous cement
are based on its rapid-hardening qualities,
resistance to sulfate action, and refractory

properties when used as “castable
refractories” and mortars for furnaces and
kilns.

Concrete.—Concrete is a proportioned
mixture of coarse mineral aggregates of
sand and gravel or crushed stone, bound
together by a paste of hydraulic cement
and water. Volume 04.02 of ASTM
standards covers concrete and aggregates.

Admixtures.—Admixtures allow the
concrete to be altered to the particular
job. Factors such as the durability,
appearance, versatility, and cost
effectiveness of the concrete, can be
manipulated. Most additives modify the
hydration of portland cement in some
way, by changing the speed of reaction or
by dispersing the cement particles more
thoroughly throughout the mix.
Admixtures reduce the water-cement ratio
required in the concrete mix. The.
following are admixtures in cement:*

Plasticizers.—Plasticizers are water-
reducing agents that effectively reduce the
quantity of cement required to achieve
certain strength or workability
characteristics.

Superplasticizers.—Superplasticizers
produce highly workable flowing concrete
that, for example, can be used for
pumping applications. Superplasticizers
also can produce high-strength concrete
that has a reduced water content and a
high compressive strength.

Air-Entraining Agents.—Air-
entraining agents cause microscopic air
bubbles to be distributed uniformly
throughout the concrete. These act as
reservoirs for the water when it freezes,
allowing it to expand without harming the
structure of the concrete. They also can
act as crack inhibitors by preventing
small cracks enlarging beyond the extent
of the nearest air void. Concrete may be
air-entrained to give protection from
freeze-thaw  cycles. Air-entraining
mixtures may entail loss of compressive
and tensile strength, and thus may be
used with plasticizers to restore the
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strength properties. Fly ash and slag
have an air-entraining effect.

Accelerators.—Accelerating
admixtures increase the hardening rate of
concrete, giving high early strength
development. Calcium chloride is the
most common accelerator and has been in
use since 1885. Accelerators are used
mainly in cold weather to normalize the
setting time for concrete in a similar way
that retarding plasticizers may be used in
hot weather to slow down the process.

Waterproofing Aids.—Waterproofing
aids are chemical admixtures that provide
protection against the wind and rain and
reduce the intake of ground water.
Waterproofing aids form a water repellent
surface on the concrete and thin
hydrophobic layers and voids within the
concrete structure.

Polypropylene Fibers.—
Polypropylene fibers can inhibit cracks.
The fibers take up the stress from drying
concrete, thus reducing the tendency for
it to crack. They add little to the overall
strength of the hardened concrete;
however, they impart elasticity during the
initial plastic stage of the concrete, which
is important for the inhibition of cracks.

Products For Trade and Industry

Portland cement makes up 96% of
total domestic output; the remainder is
mostly masonry cement with white,
expansive, portland slag and pozzolan,
waterproof, and a variety of
miscellaneous cements accounting for a
small percentage of the remainder.

Industry Structure

The industry is composed of 119
cement-producing plants in 37 States and
2 in Puerto Rico. Multiplant operations
were being run by 18 companies. Fifteen
independent importers have constructed
terminals to receive foreign cement for
markets near coastal areas.

The cement industry has been very
active in vertically integrating the cement
companies since 1985, when the Federal
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Trade Commission removed the ruling
that prevented vertical integration in the
construction materials industries.
Vertical integration would include owning
ready-mix concrete, concrete products,
aggregate, and construction businesses
that buy the cement. In addition, the
cement companies own crushed stone,
sand and gravel, hot-mix asphalt, and

precast and prestressed concrete
companies. Other companies may own
fly ash, slag, chemical admixtures,

colored cement, waste material including
fuel, and cement distribution companies.
Therefore, cement companies have moved
beyond simply acquiring the cement
consumers, but also are owning the fuel
and cement distribution companies.

In 1993, one of the activities in the
U.S. cement industry with respect to
vertical integration was the sale of Blue
Star Ready Mix of Moorpark, CA, to
Southdown Corp., based in Houston,
TX.® Other news relating to a vertically
integrated company involved Centex
Corp., which announced that its
construction products subsidiary, Centex
Construction Products (CCP), filed a
registration statement for the intended
sale of 51% of CCP’s common stock in
an initial public offering. CCP was
comprised of Centex’s cement, ready mix
concrete, aggregate and gypsum
wallboard operations. Most of the
vertically integrated cement companies in
the United States were foreign-owned.’
Such companies included Beazer U.S.A.,
owned by Hanson Industries; Blue Circle
Cement Inc.; Calaveras Cement of
Cimenteries CBR, S.A.; Dragon Products
Co., owned by Cementos del Norte;
Essroc Corp., owned by Ciments
Francais; CSR; Lafarge Corp.; National
Cement Co., owned by Ciments Vicats;
Mitsubishi Cement Corp.; California
Portland Cement, owned by Onoda
Cement; and Tarmac. Southdown Inc. a
wholly owned U.S. cement company, was
integrated in California.

Resources
Primary raw materials required for

cement clinker production are, in order of
importance, limestone, clay and shale,

and iron ore. In instances where essential
chemical components are not present in
primary raw materials in the required
amount, other mined materials or
industrial products may be used as
additives to correct these deficiencies.
Gypsum is added during the clinker
grinding process to make finished
portland cement.

Although raw materials for cement
manufacturing have not been quantified,
they are abundant in most countries.
Some countries deficient in raw materials
meet their requirements by importing.
Many domestic companies have reported
reserves of raw materials exceeding 100
years of supply.

Technology

Principal steps in manufacturing
portland cement consist of crushing,
grinding, mixing, and burning raw
materials and grinding the resultant
clinker. About 1.8 short tons of raw
materials is required to make 1 short ton
of cement.

Raw Material Grinding.—Both dry
and wet grinding are used to obtain a
fineness that may range from 75% to
90% passing through a 200-mesh sieve.
In wetmilling, water is added with the
mill feed to produce a slurry containing
about 65% solids. The raw material then
is dried and ground for burning.

Burning.—Buming is the most
important operation in manufacturing
cement. Because fuel consumption is a
major expense, plant capacity is measured
by kiln output, and strength and other
properties of cement depend on the
quality of the clinker. Burning takes
place in a rotary kiln that is a refractory-
lined steel cylindrical shell. It rotates on
an axis inclined at 3/8 to 1/2 inch per
foot toward the discharge end. U.S.
kilns range in size from 116 to 760 feet
long and 8 to 24 feet in diameter.

Byproducts and Coproducts

Cement kiln dust, which is captured in
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the baghouse of a cement plant, is a
byproduct which can be wused for
agricultural uses among others. Some
kiln dusts with high-alkali content have
been collected and used as fertilizer or
processed to recover potash. Flotation, a
method of beneficiation used by some
companies to remove undesirable
constituents from raw materials and
usually to increase the calcium carbonate
content of the kiln feed, produces waste,
such as silica sand or mica fines, that
may be marketed. Waste rock quarried
in selective mining of usable raw material
has been sold for riprap and fill materials
or crushed and sold as aggregate for
concrete or for road base.

Economic Factors

Prices.—Cement prices are greatly
influenced by local or regional markets
and by the availability of energy and raw
materials required for cement
manufacturing. Discounts for cash and
large-quantity purchases, absorption of
freight charges, and the cost of packing
bags and pallets add to the complexity of
cement price patterns.  Competition
among producers and, in some instances,
stiff competition from imports also are
factors that contribute to depressed prices
and ultimately limit investment dollars
available for capital improvement or
expansion.

Costs.—The cement industry has cut
energy consumption and costs
considerably during the past 30 years by
modernizing the kilns, utilizing secondary
fuel burning, and improving efficiency.
Energy costs account for about 35% of
the total production costs for cement.
Plant operating costs may make up 70%
of the value of cement.

Tariffs.—For countries with most-
favored-nation status, duties are imposed
only on white cement in the amount of
$0.22 per metric ton, including the
weight of containers. Other hydraulic
cement and clinker are duty free. The
statutory import duty for countries
without most-favored-nation status is
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$1.76 per metric ton and $1.32 per
metric ton for white cement and for all
other types of cement and clinker,

respectively.
Operating Factors

Energy Requirements.—The U.S.
cement industry consumed an average of
4.8 million British thermal units per short
ton (Btu/short ton) in 1993.28 Types of
fuel consumed in the cement kiln were
natural gas, bituminous and anthracite
coal, and petroleum coke. High sulfur
petroleum coke may be blended with coal
and used as fuel in the cement kiln. (See
tables 7 and 8).

The cement industry also has been
using wastes derived from other
industries as fuel for cement kilns since
the 1980’s. The waste fuel market is
divided into two broad areas: hazardous
waste and nonhazardous waste.® The
hazardous-waste area contains wastes
such as printing inks and dyes, paints,
solvents, chemicals, plastics, and any
other materials that have come into
contact with these industrial wastes.
Nonhazardous wastes include scrap tires,
medical waste, used oil, nonhazardous
plastics and chemicals, and municipal
wastes.

During the past 6 years, the use of
hazardous waste-derived fuels has
increased steadily. Cement kilns are
described by the industry as ideal waste
disposal units because the clinkermaking
process requires high temperatures, long
burning times, and a high level of
turbulence. Liquid wastes, solvents, used
motor oil, and scrap tires can be burned
effectively, cutting down on fuel costs.'

Currently, liquids are used more
commonly as hazardous waste-derived
fuels."!  Solids and sludges can be
introduced into the kiln in a variety of
ways. Solids can be suspended in liquids
and pumped into the kiln, or injected
directly into the calcining zone.
Preprocessed solids and sludges are dried,
ground into powder, and air-conveyed
into the hot end of the kiln. With any of
these three processes, as fuel is
consumed, the organic compounds are
destroyed. The inorganic compounds

recombine with the raw materials and are
incorporated into the matrix of cement.
Cement kilns may need to be modified to
burn some of these wastes. Some kilns
already have been retrofitted to use waste
oil. Using scrap tires as fuel for
preheater kilns is well known, but had not
been an option for long kilns. New
technology will allow whole tires to be
inserted into the calcining zone. One
automated bulk tire feeder can run
unattended with a programmable
controller.”>  The costs involved in
converting to using wastes as fuel depend
upon the type of waste, with hazardous
waste being the most expensive and tires
the least expensive. = However, the
cement kilns are paid approximately $50
per short ton for using hazardous liquids
and $250- to $400-per short ton for
solids. Other waste fuels that cement
kilns may be recycling in the future
include municipal wastes or waste
timber. "

ANNUAL REVIEW

Legislation and Government Programs

The EPA has a mandate under the
Bevill Amendment of the Resource
Conservation and Recovery Act (RCRA)
to study cement kiln dusts and to present
a report to Congress by January 1995.'

Issues

The cement industry, in an effort to
increase profitability, increased prices
which had remained flat for at least a
decade. The industry also attempted to
increase profitability by retiring old
plants, cutting costs, and improving the
efficiency of cement plants.

The vertical integration which had
taken place in the cement industry since
the mid-1980’s slowed somewhat;
however cement company acquisitions
and mergers were strong. (See Corporate
Changes section of this report).

Production

One State agency and 45 companies
operated 119 plants in 37 States. In
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addition, two companies operated two
plants in Puerto Rico, manufacturing
hydraulic cement. The production data
obtained are listed by State or groups of
States that form cement districts. A
cement district may represent a group of
States or a portion of a State. The States
of California, Illinois, New York,
Pennsylvania, and Texas are divided to
provide more definitive marketing
information within those States, as
follows:

California, Northern.—Points north
and west of the northern borders of San
Luis Obispo and Kern Counties and the
western borders of Inyo and Mono
Counties.

California, Southern.—All
counties in California.

Chicago, Metropolitan.—The Illinois
counties of Cook, DuPage, Kane,
Kendall, Lake, McHenry, and Will.

Illinois.—All other counties in Illinois.

New York, Western.—All counties
west of a dividing line following the
eastern boundaries of Broome, Chenango,
Lewis, Madison, Oneida, and St.
Lawrence Counties.

New York, Eastern.—All counties east
of the aforementioned dividing line,
except Metropolitan New York.

New York, Metropolitan.—The five
counties of New York City (Bronx,
Kings, New York, Queens, and
Richmond) plus Nassau, Rockland,
Suffolk, and Westchester Counties.

Pennsylvania, Eastern.—All counties
east of the eastern boundaries of Centre,
Clinton, Franklin, Huntingdon, and Potter
Counties.

Pennsylvania, Western.—All other
counties in Pennsylvania.

Texas, Northern.—All counties north
of a dividing line following the northern
borders of Burnet, Crockett, Jasper, Jeff
Davis, Llano, Madison, Mason, Menard,
Milam, Newton, Pecos, Polk, Robertson,
San Jacinto, Schleicher, Tyler, Walker,
and Williamson Counties.

Texas, Southern.—All counties south
of the aforementioned dividing line.

other

Clinker Production.—Clinker
production in the United States, excluding
Puerto Rico, increased by 4% to 65.7
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million metric tons. California continued
to lead all States in clinker production,
followed by Texas, Pennsylvania,
Missouri, and Michigan.

By yearend, multiplant operations were
being run by 18 companies. The size of
individual companies, as a percentage of
total U.S. clinker production capacity,
ranged from 0.4% to 12%. The 5 largest
companies with clinker capacity provided
about 40% of total clinker capacity; the
10 largest companies with clinker
capacity provided a combined 60%. The
10 largest companies, in decreasing order
of size of clinker production, were
Holnam Inc.; Lafarge Corp.; Southdown
Inc.; Lone Star Industries Inc.; Blue
Circle Inc.; Ash Grove Cement Co.;
Lehigh Portland Cement Co.; Medusa
Corp.; Essroc Materials Inc.; and RC
Cement.

Portland Cement.—Portland cement
production, excluding Puerto Rico,
increased by 6% to 70.85 million metric
tons. The increase was attributed to
greater demand for cement, primarily in
Mountain states and others, such as
Arkansas, Florida, Georgia, Louisiana,
Massachusetts, Mississippi, Oklahoma,
Tennessee, and Texas.

The industry operated 119 plants,
including 8 grinding facilities, to produce
various types of finished hydraulic
cement.

The size of individual companies, as a
percentage of total U.S. finished cement
production capacity, ranged from 0.3 % to
13%. The top 10 producing companies,
in declining order of production, were
Holnam Inc.; Lafarge Corp.; Southdown
Inc.; Lone Star Industries, Inc.; Blue
Circle Inc.; Ash Grove Cement Co.;
Lehigh Portland Cement Co.; Medusa
Cement Co.; Essroc Materials Inc.; and
RC Cement Co., Inc.

Masonry Cement.—Production of
masonry cement increased by 8% to 2.96
million metric tons. At yearend, 83
plants were manufacturing masonry
cement in the United States.

Aluminous Cement.—Aluminous

cement continued to be produced by
Lehigh, Buffington, IN; Lafarge,
Chesapeake, VA; and Aluminum Co. of
America, Bauxite, AR.

Fuel Consumption.—Approximately
70% of all U.S. clinker was produced by
the dry process method. Fuels consumed
in this process included coal, 10 million
metric tons; natural gas, 668 million
cubic feet; and oil, 46 million liters. In
addition, 70,000 metric tons of tires,
90,000 metric tons of solid waste fuel,
and 743.7 million liters of liquid waste
fuel were consumed in the cement Kilns.

Corporate Changes.—Ash  Grove
Cement opened a new 2,200 ton per day
plant on the Duwamish Waterway, close
to downtown Seattle, WA, !5

Carlow Group, based in Zanesville,
OH, early in 1993, closed its subsidiary
Midwest Portland Cement Co. plant in
East Fultonham, OH. Essroc Materials,
Inc., based in Nazareth, PA, acquired
Midwest’s marketing and sales areas.

Hanson Industries of Hanson PLC
located in London, England, sold its
interest in North Texas Cement Company
of Midlothian, TX, to Ash Grove Cement
Co. of Overland Park, KS.!¢

Heidelberger Zement AG of
Heidelberger, Germany, acquired the
controlling interest in the Belgian firm
CBR (Cimenteries). In North America,
CBR owned Calaveras Cement Co. in
California and Inland Cement and Tilbury
Cement Companies in Canada.'’

Holnam, Inc., the wholly owned U.S.
subsidiary of Holderbank Financiere
Glaris Ltd., based in Switzerland,
purchased the Boxcrow Cement Co. plant
in Midlothian, TX.'®  Assets to be
acquired in the transaction included the
cement plant, related quarry operation,
and working capital. The 1 million ton
per year Box Crow plant was built in
1987 and had been operating under the
supervision of a court-appointed trustee
since the company declared bankruptcy in
late 1992. Holnam was to hold 75% of
the company and was to manage the
company which would be a wholly owned
Holnam subsidiary.
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Holderbank, which had owned 95 % of
Holnam, Inc. shares, approved a merger
designed to give it ownership of 100
percent of Holnam’s shares. '

KRC Aggregates, a subsidiary of
MDU Resources Group, Inc., with
holdings in utilities, coal, and oil,
acquired the assets of Alaska Basic
Industries, Inc. and Anchorage Sand and
Gravel.®

Lafarge Coppee, based in Paris,
France, announced a $318 million share-
swap bid for full control of Asland, the
second-biggest Spanish cement company
in which Lafarge already held a 54%
share.?

Lafarge Corp., the U.S. cement
subsidiary of Lafarge Coppee, installed
new equipment in its Davenport, Iowa
plant. Production was boosted to
940,000 tons, and testing of alternative
fuels, such as tires and used plastics, was
made possible by this equipment.

Lafarge Corp. restructured and
consolidated its 11 operating units into six
in its two main business lines, cement
and construction materials.Z The cement
group was divided into Western, Eastern
and U.S. regions, with regional
headquarters in Calgary, Alba.;
Montreal, Que.; and Southfield, MI.
Corporate headquarters remained in
Reston, VA, according to a Lafarge
Corp. announcement.

Lone Star Industries, Inc. settled two
class-action law suits brought against it
and some of its officers for $40 million.?
The suit charged that Lone Star provided
certain investors with misleading financial
information.

At yearend, Cuba reportedly was
considering giving to Cemex of Mexico,
the Lone Star Cement plant that it had
seized in 1959 in order to settle some of
the country’s debt with Mexico.

Lone Star Industries, Inc. announced
plans to sell its Nazareth, PA, cement
plant and several joint ventures as part of
a bankruptcy reorganization.?

Medusa Corp. purchased an 810,000-
ton single-kiln cement plant in
Demopolis, AL, and nine cement
distribution terminals from Lafarge Corp.
for $45 million.”. After the sale,
Lafarge operated 15 full production

170

cement plants in North America and more
than 100 distribution terminals with an
annual cement production capacity in
excess of 15 million tons. Medusa
operated 4 cement plants in Alabama,
Georgia, Michigan, and Pennsylvania, in
addition to 16 cement distribution
terminals in the Midwest and Southeast.

Southdown, Inc., the third largest
cement producer in the United States in
1993 and one of only a handful of U.S.-
owned cement companies, set aside its
plans to sell up to 50% of its cement and
concrete products operations in Florida
and California. %

Consumption and Uses

Consumer demand for cement in the
United States, excluding Puerto Rico,
increased by 8%. According to U.S.
Department of Commerce (DOC) data,
housing starts increased 7% to 1.29
million units, in 1993. The value of new
construction increased 7.1% to $466
billion. The value of residential
construction increased 12% to $210
billion, primarily in single-unit structures.
The value of nonresidential construction
increased 3.2% to $90 billion, owing
primarily to increases in commercial
building construction other than
industrial, office and education. Public
construction climbed by 6.2% to $55.1
billion, partly resulting from spending for
miscellaneous  public  construction,
including recreation, power generating,
and open parking facilities, transit
systems, and airfields, among other
categories.  Other public construction
experiencing increases were highways and
streets, schools, and conservation and
development.?’

California continued to lead all States
in the amount of portland cement
consumed, followed by, in order of
shipments received, Texas, Florida,
Illinois, Ohio, and Pennsylvania.
Together, these States consumed 38% of
the total U.S. tonnage.

On a regional basis, six of the Bureau
of Census districts experienced increases
in consumption. The largest increases
were experienced by the Mountain, West
South Central, South Atlantic, and East

South Central districts with increases,
respectively, of 16.4%, 8.5%, 7.2% and
7.0%. New England and East North
Central districts showed increases in
consumption of 5.0% and 3.3%.
Although the Pacific, West North
Central, and Middle Atlantic districts had
decreases respectively of 3.1%, 1.7%
and 0.4%, respectively, not all of the
states in those districts experienced
declines. For example, in the Pacific
district, Oregon, Northern California and
Washington experienced increases,
respectively, of 5.8%, 1.6% and 0.1%.
In the West North Central district,
Nebraska, South Dakota and Kansas had
increases of 8.6%, 6.0% and 2.3% and
in the Middle Atlantic district, New
Jersey, Eastern New York, Western New
York, and Eastern Pennsylvania had
respective increases of 6.8%, 6.0%,
2.9% and 1.2%.

Shipments of domestically produced
portland cement from U.S. mills
increased by 4%, as shown in table 11,
while masonry cement shipments climbed
13%. (See table 11.) Cement shipments
that were not reported to the USBM
according to the type of customers are
shown wunder Government and
Miscellaneous (See table 13.) Ready-
mix concrete producers were the primary
consumers of cement, accounting for
about 59% of the total, followed by
concrete product manufacturers, 11.5%;
building material dealers, 6.1%;
roadpaving contractors, 2.9%; and other
contractors, including those that were
unspecified contractors, 4.9%. Smaller
amounts were consumed by Federal,
State, and other government agencies,
and by a variety of uses, such as waste
stabilization and mining.

Markets and Prices

The average mill value of portland
cement was approximately $55.48 per
metric ton and the value of masonry
cement was $77.32 per metric ton. The
average value of cement by yearend
reported by Engineering News Record
(ENR), was $63.39 per short ton. The
ENR prices are based on an average per-
ton value of cement delivered to 20 cities.
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The average price change for portland
cement for October 1993 increased by
7.4% compared with October 1992.%

Foreign Trade

The U.S. International Trade
Commission (ITC) reaffirmed that the
United States was materially injured or
threatened with injury by imports of
Japanese gray portland cement and
cement clinker into the United States.
The action was in response to an order
from the Court of International Trade
(CIT). The original determination was
made in April 1991 when the U.S.
Department of Commerce had determined
that Japanese cement and clinker were
being sold in the United States at less
than fair value.  Subsequently, the
determination was appealed to the CIT,
and the CIT sent back the ITC’s original
determination.?

The ITC completed its review of gray
portland cement and clinker from
Mexico. The preliminary rates were
revised. The final dumping margins
ranged from 30.44 % to 53.26% ¥

The ITC began an investigation of
French calcium alumina cement and
cement clinker shipped to the United
States.> The Commerce Department was
to begin a pricing investigation of the
shipments.

Exports of hydraulic cement and
clinker, as reported by the Bureau of the
Census, decreased 16 % to 625,000 metric
tons. Canada received 80% of the total.

New York led all States in the amount
of imports received, with 16% of total
U.S. imports, or 1,154,000 metric tons.
Of this total, 54% were shipped through
the Buffalo Customs District, 20% were
shipped through the New York City
Customs District, and 27% were shipped
through the Ogdensburg Customs
District. These imports comprised 53 %
of New York’s portland cement
consumption compared with total imports
representing 9% of apparent consumption
nationally. Eighty percent of imports into
New York came from Canada, 16 % came
from Greece, 2% each came from Spain
and from the United Kingdom. Michigan
was the second largest recipient of
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imported cement, receiving 1.02 million
tons or 14% of the total. All of the
Michigan imports were shipped through
the Detroit Customs District, and
virtually all came from Canada.

Chinese cement continued to enter the
United States through Lone Star
Northwest’s terminals in Seattle, WA,
and Portland, OR. By yearend, the
Chinese had exported 286,000 tons.
SsangYong Cement shipped 33,000 tons
of cement from its plant in Korea to a
CenCal terminal, which was jointly
owned by SsangYong and Riverside
Cement Co. The last previous cement
shipments from Korea were at the end of
1991.%

World Review

World cement production increased by
5% to 1.3 billion tons. China continued
to lead all nations with 27% of
production, followed by Japan with 7%,
and the United States with 6 %.

Large-scale consolidations continued to
take place in the international cement
industry. The largest world cement
companies have been bent on acquiring
other cement and building concerns with
the goal of becoming even larger. This
was the case with the five largest
international cement companies:
Holderbank Glaris of Switzerland,
Lafarge-Coppee of France, Italcementi/
Ciments Francais of Italy, Heidelberger
Zement of Germany and Cementos
Mexicanos of Mexico.

Many cement companies around the
world were poised to export a large part
of their production to developing
countries, especially in Asia. Indonesia,
Malaysia, the Phillipines, Singapore, and
Vietnam all needed cement to build their
infrastructure, although they were also
busy installing their own cement capacity.

Countries with excess capacity
continued to export cement to the United
States. Twenty-four countries exported
cement to the United States in 1993, one
more than in 1992. The amount of
cement imports increased by 14%
because of increased demand in U.S.
markets.

The high level of exports brought

many anti-dumping cases in the
international cement market. While anti-
dumping investigations in the United
States continued against France, Japan,
and Mexico, Mexico was investigating
cement from Venezuela, and Germany
was charging that East European cement
producers were dumping cement into
Germany at unfair prices.®

Belgium.—Both cement consumption
and shipments were estimated to have
dropped about 5% to 5.4 million tons and
6.8 million tons, respectively.3* Belgium
was a net exporter of cement.

S.A. Cimenteries CBR announced that
Societe Generale de Belgique sold its
controlling interest in CBR to
Heidelberger Zement A.G. of Germany.*
The two cement companies were of
comparable size and their combined sales
of more than $3 billion made the new
group the fourth largest European cement
industry. Geographically, their business
areas were very complementary, both in
Europe and in North America. In
Europe, CBR operated 10 cement plants
in Belgium, the Netherlands, the Czech
Republic, and Poland. CBR also had six
cement plants in Western Canada and
Western United States. (See World
Review, Germany for Heidelberger
plants.)

Brazl.—Cimento Correa Industrial,
one of Brazil’s leading cement producers,
opened the Bodoquena plant, Mato
Grosso do Sul, with a cement production
capacity of 1,800 tons per day.* Lone
Star Industries, Inc., sold its 49.6 % share
in its Brazilian cement subsidiary,
Cimento Portland, to Paris-based Lafarge
Coppee. Lafarge owned the other 50.4 %
of the company. Cimento Portland
operated four plants in Brazil with about
2.2 million mt/yr capacity, according to
R. Huhta of Rock Products.

Canada.—Essroc Canada merged its
Quebec operations with those of Ciment
Quebec, forming a new company. The
new company included all of the cement
manufacturing and distribution facilities
of both Essroc and Ciment Quebec, as
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well as their ready-mixed concrete,
concrete  products, and aggregate
operations.

China.—Guangzhou Investment Co. of
Hong Kong purchased a 41% controlling
stake in the Chinese Zhujiang Cement
plant, of Guangzhou, Hong Kong, for
$51 million from Guangzhou International
Trust and Investment Corp. (GITIC).
GITIC will retain a 49% holding in the
plant, which produces 1.2 million mt/yr.
The company was to operate as a special
joint venture and have a 25-year
production license.¥

France.—Ciments Francais became the
first western company to invest in the
Russian cement industry by acquiring a
15% stake in the 1.9 million mt/yr
Zelenogorsk plant in the Urals for
approximately US$100,000,%

Germany.—Heidelberger  Zement
acquired a 42.6% controlling interest in
CBR of Belgium for US$640 million.
The new grouping was to become the
fourth largest building materials supplier
in the world. It was to operate either
directly or through minority shares, about
39 cement plants in Northern Europe and
North America with a combined
production capacity of 38 million mt/yr.*
Combined sales of both companies were
expected to be $3 billion. Heidelberger
operated six cement plants in Baden-
Waurttemberg, Bavaria, and Rhineland in
Germany, and held controlling interest in
other Germany cement plants, two
cement firms in the Czech Republic,
three cement plants in Hungary, and one
in Croatia. Heidelberger also had a
minority interest in S.A. Vicat, a French
cement company with seven plants. In
North America, Heidelberger had
controlling interest in Lehigh Portland
Cement Co. with eight cement plants.®

Greece.—Greece exported 6.9 million
metric tons of cement and clinker, a 15%
increase compared to 1992.4 It produced
13.9 million tons of cement, up 2.2%
from the prior year, while it shipped 7.1
million tons within Greece, a 6.3%
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decrease over the prior year.

Italy.—Italcementi SpA  acquired
control of Ciments Francais, holding
45.63% of the voting-rights stock of
Ciments Francais by yearend 1992. This
moved Italcementi into one of the top
three cement-producing companies
worldwide.

Calcestruzzi SpA, a cement producer,
was to acquire Greece’s Halkis Cement
Co., but was sued by Halkis when it
broke off discussions with the Greek
company. A Greek court ordered the
seizure of $208.7 million in assets in the
Greek Heracles General Cement,
acquired by Calcestruzzi in 1992.4

Japan.—Japan’s fourth largest
cement producer, Onoda Cement Co.,
and its sixth largest, Chichibu Cement
Co., planned to merge their operations in
1994. The merger was expected to make
the company the top cement producer in
Japan with a 24% market share. Onoda
and Chichibu each operated three plants.*
In North America, Onoda owns
California Portland Cement Co., with
three plants and three terminals located in
Northem California, Southern California,
and another near Phoenix, Arizona.
Onoda also has a 50% holding in CPC
Terminals, an import operation near Los
Angeles, CA.

Korea, Republic of.—Cement
production was expected to reach around
50 million tons in 1993. Domestic
demand was expected to be less than 46
million tons. The overcapacity seemed to
indicate that Korea was planning to
export significant amounts of cement.
Korea’s exporting companies were
SsangYong Cement, Tong Yang Cement
Corp. and Halla Cement Corp. Cement
exports from these companies were likely
to find potential markets in China, Hong
Kong, Malyasia, Singapore, Taiwan, and
Vietnam.*

Tong Yang completed kiln 7 at its
Samchok plant, raising the company’s
production capacity to more than 11
million mt/yr.*  The company was
expected to extend its product range to

include slag cement. A slag cement
facility was to be constructed in Kwang
Yang in the southern part of the peninsula
and was expected to be operational in
1994. Blast furnace slag would be used
from the Pohang Iron and Steel Co.
operations.*’

Halla Cement began construction of a
fourth kiln at its Okke plant on the
Eastern coast of Korea.® The project
was to raise production capacity from the
existing 5.6 million mt/yr to more than 7
million mt/yr upon completion in 1994.
With domestic activity slowing, cement
was likely to be exported from the plant,
not only to Southeast Asia but also to
North America and Latin America.

Mexico.—Cementos Mexicanos
(Cemex), Mexico’s largest cement
producer and among the largest cement
companies in the world, acquired
Cementos Hidalgo, with a production
capacity of 1,750 mt/d in Hidalgo, Nuevo
Leon, Mexico.” Cemex also acquired
eight concessions for port facilities
offered by the Mexican government in its
effort to privatize the country’s port
operations. The concessions were
granted for the construction and operation
of modern terminals at government-
owned ports and were granted for a 20-
year period.

Cementos Apasco, Mexico’s second-
largest producer, was to invest in a new
plant in Tecoman, Colima in Mexico.®
The cement plant, expected to start
production in 1994, was to have a
production capacity of 1.25 million mt/yr.
The cement was not destined for the
export market.

The U.S. Department of Commerce
(DOC) increased the dumping margin on
Cemex’s cement exports to the United
States from 30.44% to 40.72% for the
period between April 1, 1990 and July
31, 1991. DOC also made a final
determination that Cemex’s dumping
margin for the period August 1, 1991 to
July 31, 1992 was 42.74%. Both
decisions were made after the Department
completed two of its three administrative
reviews of the anti-dumping order issued
against cement exported from Mexico.
The third review, covering the period
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from August 1, 1992 to July 31, 1993,
was still under administration review at
yearend. The Mexican cement industry
filed a complaint under the General
Agreement on Tariffs and Trade (GATT)
on the U.S. imposition of tariffs on
cement exported to the United States.

Spain.—Ciments Francais purchased
an additional 10% of the shares of
Cementos Molins. This gave Ciments
Francais 35.3% control of Cementos
Molins equity. Cementos Molins
operated two plants in Spain, producing
about 3.5 million mt/yr.5!

CURRENT RESEARCH

As in past years, research continued

on the subject of the wuse of
supplementary cementing materials
(SCM’s). Use of SCM’s in reducing

expansion of concrete and mortar caused
by alkali-aggregate reaction was
investigated by the Canada Centre for
Mineral and Energy Technology
(CANMET).® A total of 15 fly ashes,
slags, condensed silica fumes and natural
pozzolans were chosen to represent the
wide range of physical and chemical
features of SCM’s commercially available
in Canada. The effectiveness of SCM’s
in reducing expansion was compared with
that of a low-alkali cement.

Coal-burning  powerplants have
generated a large amount of fly ash in the
United States. A small fraction of the fly
ash generated was being utilized in
various applications, but a need persists
to further utilize the fly ash. At Rutgers
University in Piscataway, NJ, results
from a recent study on development of a
cement composite utilizing large amounts
of fly ash were presented.® A flowable
fly ash-cement sand composite was
investigated for strength and permeability
characteristics at various stages of
maturity. The independent variables
considered were fly ash content, sand
content, and ratio of water to
cementitious materials. Results of the
study showed that high-volume fly ash
composite could be proportioned to obtain
compressive strengths as high as 21
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Megapascals (MPa) or 3,000 psi after
180 days.

At the University of Pennsylvania in
University Park, PA, the potential for use
of fly ash and slag to be used as the main
components in cement was studied.
Alkali-activated fly ash-slag cement
(AFC) was studied as a matrix for
immobilization of nuclear waste.’ The
AFC was characterized by high early
strength, high ultimate strength, low
porosity, lower solubilities of the
hydrates, and high resistance to chemical
corrosion, in addition to freezing and
thawing. All of these advanced
properties are favorable to the
immobilization of nuclear wastes.

An investigation was carried out at the
Delft University of Technology in The
Netherlands involving the cement
equivalence factors for fly ash in
concrete. The work was part of
research aimed at taking the contribution
of fly ash to strength development and
other properties of concrete into account
with respect to the minimum cement
content and maximum water-cement ratio
required to achieve these properties.
Dutch Concrete Standards were used.
Three cements were studied — ordinary
Portland, rapid hardening and Portland
blast furnace slag cement. Four fly
ashes, including two with low NO,, were
used for the study. Concrete
compositions with a range of water-
cement ratios, two fly-ash cement ratios,
and three curing regimes were studied as
functions of concrete compressive
strength. The test results showed that the
contribution of fly ash to strength was
strongly dependent on the water-cement
ratio, the type of cement, the fly ash
quality, and the concrete age. The
equivalence factor increased when the
water-cement ratio decreased. This
dependence was highest for rapid
hardening Portland cement and lowest for
the Portland blast furnace slag cement.

At the Building Research
Establishment in Watford, England,
studies were conducted on blended high
alumina cement (HAC) that could lead to
its use in structural concrete.® Cements
were studied that were made by blending
HAC with granulated blast furnace slag.

The compressive strength of such
concretes increased with time when kept
in hot, wet conditions.

Research at the Slovak Academy of
Sciences in the Slovak Republic was
devoted to the study of the influence of
the developed alkali-silicate admixture on
mortar properties.’” The results showed
that the admixture significantly increased
the strength of the mortars made from
portland cement and silica fume or blast
furnace slag. Further results showed that
the mortars with alkali-silica admixture
had an increased content of hydration
products and had a substantially more
dense pore structure than mortars of the
same composition, but without the
admixture.

Research at the Israel Institute of
Technology was intended to clarify the
nature of concrete strengthening in the
presence of silica fume.® Compressive
strength development of high-strength
concrete and its paste-matrix was
investigated. The results indicated that
carbon black was effective in modifying
the basic concrete-matrix  strength
relationship to an extent similar to that
obtained by silica fume. It was suggested
that the mechanism by which silica fume
affects the concrete behavior was of a
physical origin and was based on
microfiller effect, prior to its action as a
pozzolanic material. The microfiller
effect was of greater significance to
strength enhancement.

In the United Kingdom, the
introduction and progressive development
of soil stabilization of the natural soil
conditions at Gatwick, Stansted,
Heathrow and Glasgow Airports was
studied.® The dual use of both lime and
cement to modify and strengthen the
natural subgrades and earthwork
formation were described. The prime
object of the paper was to make available
full practical details of large-scale lime
and cement soil stabilization work.

Continuing interest has been shown on
materials that can be used in developing
countries to complement cement. At the
Wisconsin Department of Transportation,
rice husk ash (RHA) was studied and
found to possess some pozzolanic
properties.® RHA could reduce the cost
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of building in Nigeria, since it can be
used to replace cement in sandcrete
blocks that are the major cost component
of the most common building forms in
the country. For a given hydration
period and mix proportions, the strength
of the blocks decreased with increasing
RHA content. RHA could replace
cement up to 30% or 40% for a sandcrete
block or sandcrete mix respectively.

Developed countries could use sludge
from municipal sewage treatment together
with limestone and clay as raw materials
for making cementitious building
material.®® A ground mixture of the raw
materials was incinerated to produce
cement. The effects of mixture
compositions, incineration temperatures,
and incineration durations on the
properties of cement were investigated.
From the results, an optimum condition
of mixture composition of the raw
materials, incineration temperature and
duration, and curing condition upon the
highest possible strength development of
the cement was determined. The study
showed that sewer sludge could be used
to produce cement satisfying the strength
requirements for masonry cement.

In Australia, the manufacture of cements
based on calcium sulfoaluminate energy,
as compared with ordinary portland
cements, was studied.? The manufacture
of cements based on calcium
sulfoaluminates required lower firing
temperatures and lower grinding energy
when compared with ordinary portland
cements. Some of the low-energy
cements could be formulated in order to
develop high early strength and other
performances similar to ordinary portland
cements. It was found that a number of
industrial wastes and by-products such as
phosphogypsum, bauxite fines, as well as
fly ash and blast furnace slag, could be
employed without negatively affecting the
hydraulic behavior of these cements.

At the Institute of Materials in Athens,
Greece, the diffusion of water into
hardened cement samples containing
different kinds of additives was studied
for the first time using nuclear magnetic
resonance imaging (NMRI).® The results
indicated that NMRI could be used as a
research and industrial method to evaluate
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the properties (e.g., permeability and
durability) of the final cement product.
Composite cements were being
considered for use in the construction of
low-to-intermediate level radioactive
waste repositories.* The interactions of
ordinary portland cement and pulverized
fuel ash mixes with high-sulfate- and
high-carbonate-bearing ground waters at
temperatures that could be attained in a
repository were investigated as part of a
larger work being carried out at the
Building Research Establishment in the

United Kingdom.
Other research focused on
improvements to cement plant

equipment.®  The Group Cementos
Lemona, S.A. in Spain, constructed a
covered storage area for an effective
capacity of 47,000 tons of cement
clinker. The purpose was to avoid
handling materials in open spaces, to
increase storage capacity, to reduce the
dust emission that is unavoidable in an
open air store with overhead cranes, and
to facilitate loading and unloading
operations for lorries.

A large number of cement plants are
still based on the wet process. This
process includes preparation of slurry that
is either fed directly to the kiln or first
treated in a filtration unit.%  The
evaporation of the large amount of water
results in elevated fuel bills. Plants could
convert to a semi-dry-process—somewhat
between the wet and dry—in order to
increase market production, reduce
production costs, and generally modernize
the plant. The wet-process kiln could be
converted to the semi-dry process by
converting the kiln to a cyclone preheater
kiln, with or without calciner, and then
drying the feed to raw meal in a separate
dryer. A dryer with a conventional
preheater or a compact kiln system could
be used for this purpose.

Gas leakage through a cemented
wellbore annuli has been a major problem
in many oil wells in the world and
specifically in the United States.”’ Gas
leakage could occur as a result of bad
cement-formation bonding caused by
incompatible contraction-expansion
mechanism during cement setting. Work
at the University of Oklahoma proposed

contraction induced voids within the

the use of new cementing additives that
could reduce the effect of the expansion-
contraction mechanism during the cement
slurry setting. The additives-filled

cement structure and between the pipe
and cement, leading to an impermeable
cement, thus eliminating the existence of
micro-fractures and micro-annulus. The
materials were economical to use and
readily available. It was proposed that
the cement bond index be estimated in the
laboratory using the ultrasonic test prior
to the cement job.

OUTLOOK

Demand for cement was expected to
increase due to pent-up demand for
highway construction and some residential
construction. In addition, heavy flooding
in the Midwest damaged many homes and
structures that would eventually need to
be replaced.

Cement prices were forecast to
continue to rise following cement price
increases that began in 1993.

Cement imports were expected to
continue to increase as cement plants met
their capacity.

!American Society for Testing and Materials. Cement,
Lime, and Gypsum. S. 4, v. 04.01, 1992, pp. 1-558.

2———. Standard Performance Specification for
Blended Hydraulic Cement. Oct. 1992, pp. 1-5.

Portland Cement Association. Executive Report. No.
188, Mar. 22, 1993, p. 2.

SAmerican Petroleum Institute. Specification for Oil
Well Cements. API Specification 10A (Spec 10A), 21st
ed., Washington, DC, Sept. 1991, pp. 1-35.

“‘Rowling, S. Adding to a Mixed Bag. Int. Cement
Rev., Apr. 1991, pp. 40-45.

SPortlarid Cement Association. The Monitor. V. 3, No.
8, Aug. 1993, p. 5.

s . The Monitor, V. 3, No. 12, Dec. 1993, p. §.

"Hubhta, R. S., Vertical Integration in the U.S. Cement
Industry. Presented at the Society of Mining Engineers
Annual Meeting, Phoenix, AR, Feb. 25, 1992.

*Portland Cement Association. Public Version of U.S.
and Canadian 1993 Labor-Energy Input Survey. Oct. 1994,
p. 1-19.

*Campbell, R. What You Should Know About
Sourcing Waste Fuels. Rock Products, Apr. 1993, pp. 28-
32.

International Cement Review. World News. Dec.
1992, p. 7.

""'Work cited in footnote 11.

2Turley, W. Bulk Tire Feeder for Kilns Is Automated.
Rock Products, Nov. 1992, p. 21.

BLang, T. Energetic Recycling of Waste Timber. Int.
Cement Rev., Jan. 1993, pp. 41-49.

“The 1980 Solid Waste Disposal Amendments to the

CEMENT—1993



Resource Conservationand Recovery Act directed the U.S.
Envi tal P; ion Agency to conduct a study of
cement kiln dust in section 80002(0).

BSteuch, H.E.; P. Riley. Ash Grove’s New 2200 tpd
Seattle Plant Comes on Line. World Cement. V. 24, No.
4, Apr. 1993.

16Portland Cement Association, The Monitor. V. 3, No.
12, Dec. 1993, p. 5.

1Rock Products. Cementscope. V. 96, No. 11, Nov.
1993, p. 11.

%Portland Cement Association, The Monitor. V. 3, No.
3, Mar. 1993, p. 7.

, . The Monitor. V. 3, No. 11, Nov. 1993, p.
7. ®, . The Monitor. V. 3, No. 2, Feb. 1993, p. 12.

2'———. The Monitor. V. 3, No. 2, Feb. 1993, p.
12.

2Rock Prod Rock N pe. V.97, No. 1, Jan.
1994, p. 9.

2 ——. Rock Newscope. V. 96, No. 12, Dec. 1993,
p.-9

ZPortland Cement Association, The Monitor. V. 3, No.
3, Mar. 1993, p. 7.

24— ——. The Monitor. V. 3, No. 6, Mar. 1993, p. 5.

2Rock Products. Rock Newscope. V. 96, No. 1, Jan.
1993, p. 9.

2%———. Rock Newscope. V. 96, No. 6, June 1993,
p. 9.
27U.S. Department of Commerce, International Trade
Administrati C Review. V. 40, Nos. 3,
Summer, 1994, pp. 1-10.

Engineering News-Record. ENR Materials Prices. V.
228, No. 1, Jan. 1994, p. 77.

®Rock Products. Rock Newscope. V. 96, No. 8,
Aug. 1993, p. 9.

%Federal Register. U.S. International Trade
Commission. Gray Portland Cement and Clinker from
Mexico; Final Results of Antidumping Duty Administnative

310U.S. International Trade Commission. Certain
Calcium Aluminate Cement and Cement Clinker from
France. Publication 2637, May 1993, p. 3.

$Rock Products. Cementscope. V. 96, No. 11, part
two, Nov. 1993, p. 11.

*International Cement Review, Exports back on the
agenda, May 1993, p. 12 and June 1993, p. §.

HFederation de L’Industrie Cimentiere Belge Annual
Report, 1993, Bruxelles, Belgium, pp. 1-15

3Press Release from CBR, Sept. 1993.

%International Cement Review. Sept. 1993, p. 5.

. May 1993, p. 11.

$____ Feb. 1993, p. 10.

*International Cement Review, Oct. 1993, p. 4.

“Work cited in footnote 35.

“Cemb Members’ Principal Data. Preliminary
Year 1993.

“International Cement Review, Sept. 1993, pp. 24-25.

“Rock Products. Rock Newscope. V. 96, No. 7, July

1993, p. 7.

“. . Rock Ni pe. V. 96, No. 12, Dec. 1993,
p. 9.

“International Cement Review, May 1993, p. 27.

. . May 1993, p. 19.

4. May 1993, p. 23.

4 ——. May 1993, p. 6.

“Huhta, R., What’s Happening in the North American
Cement Industry. Unpublished speech, presented at 29th
International Cement Seminar, San Francisco, CA, Dec.
1993.

0———. Apr. 1993, p. 12.

$'Work cited in footnote 49.

2Chen, H., J. A. Solves and V. M. Malhotra.
Investigations of Supplementary Cementing Materials for
Reducing Alkali-Aggregate Reactions.  Cement and

CEMENT—1993

Review. V. 58, No. 80, Apr. 28, 1993, pp. 25803-25810.

Concrete Composites, v. 15, No. 1-2, 1993, pp. 75-84.

$%Maher, M. H., and P. N. Balaguru. Properties of
Flowable High-Volume Fly-Ash-Cement Composite. J. of
Mat. in Civil Engineering, v. 5, No. 2, May 1993, pp.
212-225.

$Jiang, W., X. Wu, and D. M. Roy. Alkali-Activated
Fly-Ash-Slag Cement Based Nuclear Waste Forms.
Proceedings of the 16th International Symposium on the
Scientific Basis for Nuclear Waste Manag t. Boston,
MA, 1993, pp. 255-260.

5Bijen, J., R. van Selst. Cement Equivalence Factors
for Fly Ash. Cement and Concrete Research, v. 23, No.
5, Sept. 1993, pp. 1029-1039.

%Quillin, K., Blended High Alumina Cements.
Materials World, v. 1, No. 2, Feb. 1993, pp. 103-105.

$Zivica, V. Silicate Admixture for Cement
Composites Incorporating Pozzolan or Blast Fi Slag.
Cement and Concrete Research, v. 23, No. 5, Sept. 1993,
pp. 1215-1222.

%Goldman, A. and A. Bentur. Influence of
Microfillers on Enh of C te Strength. Cement
and Concrete Research. v. 23, No. 4. July 1993, pp. 962-
972.

%Heath, D. C. Application of Lime and Cement Soil
Stabilization at BAA Airports.  Proceedings of the
Institution of Civil Engineers. Transport, v. 95, No. 1,
Feb. 1992, pp. 11-49.

%“Qkpala, Daniel C. Some Engineering Properties of
Sandcrete Blocks Containing Rice Husk Ash.

$'Tay, Joo-Hwa and Kuan-Yeow, Show. Manufacture
of Cement from Sewage Sludge. J. of Mat. in Civil
Engineering. V. 5, No. 1, Feb. 1993, p. 19-29.

SBeretka, J., B. de Vito, L. Santoro, N. Sherman,
and Valenti G. L. Hydraulic Behavior of Calcium
Sulfoaluminate-Based C ts Derived from Industrial
Process Wastes. Cement and Concrete Research, v. 23,
No. 5, Sept. 1993, pp. 1205-1214.

% Papavassiliou, George; Fanny Milia; Michael Fardis
and Ron Rumm. 1H Nuclear Magnetic Resonance Imaging
of Water Diffusion in Hardened Cement Pastes. J. of
Amer. Cer. Soc.,v. 76, No. 8, Aug. 1993, pp. 2109-2111.

%Building and Environment, v. 28, n. 3, July 1993,
pp. 235-241.

%Urcelay, C. New Design of a Multichamber Cement
Clinker Silo in Spain. Bulk Solids Handling, v. 13, No. 2,
May 1993, pp. 356-357.

%Grydgaard, P. E. World Cement, v. 24, No. 1, Jan.
1993, p. 36-40.

S"Talabani, S., G. A. Ghukwa, and D. G. Hatzignatiou.
Gas Channeling and Micro-Fractures in Cemented Annulus.
1993 Western Regional Meeting 92. Society of Petroleum
Engineers, Richardson, TX pp. 381-394.)

OTHER SOURCES OF INFORMATION
Bureau of Mines Publications

Cement. Ch. in Minerals Yearbook, annual.
Cement. Ch. in Mineral Commodity
Summaries, annual.

Other Sources

Concrete Produc